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KEEP YOUR COPY OF

This copy of Navigator’s Information File is from the original edition
dated April, 1944. Revisions to the file will be released as new information
and changes in procedures, techniques, and regulations become available.

NIF revisions may be obtained by you at any operations office, but

preferably at your home station. Ask for them periodically to be certain
that you have all the latest information in your file. When you receive a
new revision put it in your copy of NIF immediately. Follow carefully the
detailed instructions you will find on each NIF revision envelope. Gen-
eral instructions for revising this book are contained in NIF 1-5.

AS YOU REVISE NIF WRITE REVISION NUMBERS

AND DATES IN THE SPACE PROVIDED BELOW

Revision Date of Date received 7 Date Form 24NA7
Number Revision by you certified

1 Oct., '44 Dec. 15

2 APRIL, 1%7s] Ture 2%, o
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TAKE GOOD CARE OF YOUR COPY OF NIF

The supply of Navigator’s Infor-
mation Files is limited. Copies lost
or damaged by misuse will be diffi-
cult to replace. Handle your copy of
NIF carefully. When you are not
using it put it away in a safe place
so that it will not be lost or torn.
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AAF REGULATION ) HEADQUARTERS, ARMY AIR FORCES
No. 62-15 ) WASHINGTON, 24 N
A : OVEMBER 1944

FLYING SAFETY

Information Files

(This Regulation supersedes AAF Regulation 62-15, 28 February 1944, and 62-15A, 1 May 1944.)

1. General. To promote safe flying and operational efficiency, AAF pilots, navigators, bombard-
iers, flight engineers, flight surgeons, aviation medical examiners and airborne radio operators who
are on flying status must be familiar with many items of a general nature, with the results of current
research, and with other instructions and information found in'a variety of War Department, AAF,
and other pertinent publications which are not always readily available to them. These items will be
selected, organized, and presented in simple, non-technical form in loose-leaf books, to be desig-
nated as follows:

* * * * * *

b. For navigators: The “Navigators’ Information File” (NIF).

* * * * * *

2. Publication of PIF, NIF, and BIF. The Office of Flying Safety will be responsible for the
selection of items, the coordination of the material, the form and treatment of the subject material,
the proper illustration of the text, and the publication of the Files. That office will be responsible for
the publication of necessary revisions. It is authorized to deal directly with all AAF organizations
and establishments in gathering and coordinating instructions and information for the Files, All
AAF establishments will submit items which they desire to have included in the Files directly to
Office of Flying Safety, Information Files Branch, Buhl Building, Detroit 26, Michigan.

3. ® * * * * *

4. Table of Contents. A table of contents, listing, numbering, and dating all current subjects,
will be published for each File. Each table of contents will be revised every three months. The use
of the tables of contents is outlined in AAF Reg. 15-24.

5. Distribution in Continental United States. These Information Files and revisions thereto
will be distributed by the Chief, Office of Flying Safety on the following basis:

* #* * * * *

b. NIF: Through base operations officers, one copy to each AAF navigator in the domestic
area, one copy to each aviation cadet in AAF Navigators’ School. Two copies to
each base operations office, group, and squadron. Copies as required to the regu-
larly established files of AAF organizations and establishments. Copies to AAF
schools and training establishments as necessary for the training program, and
such copies as the Chief, Safety Education Division, Office of Flying Safety shall
determine as necessary for the accomplishment of his basic directive.
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6. Distribution in Overseas Theaters. If commanding officers in overseas theaters and “alerted”
areas so direct, PIF, NIF, BIF, ROIF, and revisions thereto will be procured by requisition to the
Director, Air Technical Service Command, Wright Field, Dayton, Ohio, through Air Technical
Service Command distribution centers located in the theaters concerned.

7. Compliance. Commanding officers will be responsible that personnel specified in paragraph 5
certify that they have read and understand all instructions and information contained in their
respective Files; and that they place the revision sheets issued to them in their personal copies of
the Files so that their Files are currently correct. Compliance with this directive will be recorded
as follows:

* * * L * *

b. For navigators: Form 24N (the NIF table of contents) will be signed and used as a per-
manent record of compliance. When NIF and revisions thereto are distributed, they will
be accompanied by compliance forms (AAF Form 24NA), which will provide temporary
records of compliance. The use of AAF Forms 24N and 24NA is set forth in AAF
Regulation 15-24.

* * * * * *

e. For all other personnel authorized to receive PIF, NIF, BIF or ROIF as set forth in
paragraph 5 and for whom no Form 5 files are maintained, the record of compliance will
be as directed by commanding officers.

8. Retention of Permanent Forms. Commanding officers will be responsible that permanent
forms referred to in paragraph 7 are retained for record as directed in AAF Reg. 15-24.

9. Familiarity with Instructions Regarding Equipment. In addition to the provisions of this
Regulation, commanding officers are responsible for insuring that pilots are thoroughly familiar with
all instructions and information pertaining to equipment to be flown, as provided in AAF Reg. 50-16.

10. Activities Exempt from These Provisions. AAF activities operating in overseas theaters and
AAF activities operating in domestic areas under “alert” orders will be exempt from the provisions
outlined herein to the extent determined by the commanding officer concerned.

11. Definitions.

* * * * * *

b. The term “navigator” will be construed to mean any individual who holds a currently
effective military aeronautical rating of aircraft observer (navigator) or aircraft observer
(navigator-bombardier).

* * * * * *

By command of General ARNOLD:

OFFICIAL SEAL

BARNEY M. GILES
HQ AAF

Lieutenant General, United States Army

Deputy Commander, Army Air Forces and
Chief of Air Staff
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Form 24NA for Navigators’ Information File.
* * * * x x

Each such temporary certificate of comphance form consists of two sections: a small
detachable bottom section, the use of which is described in sub-paragraph a, below, and
a main upper section, the use of which is described in sub-paragraph b, below:

a. The detachable section at the bottom of each form is provided as a receipt for revision
sheets (or for the complete volume of the pertinent Information File issued to any
individual entitled to it). The individual receiving any Information File material will
indicate by signature thereon that he has received it. Operations Officers will hold such
receipts for their records until the compliance (main upper section of Form 24A, 24NA,
24BA or 24RA) is received. Whenever Information File material is issued to any indi-
vidual entitled to it at any station other than his home base, his receipt (the lower de-
tachable section) will be forwarded by the issuing agency to the base operations office
of the recipient’s home station.

b. The main (upper) section of Forms 24A, 24NA, 24BA and 24RA will list in red the
revision number and the page numbers for which each is to serve as a temporary com-
pliance certificate. When issued with the complete volume of the Information File, it will
indicate that it applies to the complete volume of the pertinent Information File and
indicate (in red) the revision numbers contained as an integral part of that edition of the
Information File. Individual concerned will sign this portion of Form to certify that:

(1) He has read and understands the Information File material listed therein.

(2) He has removed from the Information File and destroyed all sheets that specific
instructions printed on the envelope which contains the Information File material
direct him to remove and destroy.

(3) He has placed each revision sheet listed in the compliance certificate in its proper
place in the Information File.
When the individual concerned has complied with (1), (2), and (3) above, (and not
before), he will sign the compliance certificate (the upper section of Form 24A,
24NA, 24BA, or 24RA) and return it to the base operations officer at his home
station.

5. Operations Officers will be responsible that the properly executed compliance certificate
(upper section of Forms 24A, 24NA, 24BA, or 24RA) is returned within a reasonable time (but in
no case longer than 30 days after receipt) and, in the case of personnel for whom Form 5 files are
maintained, placed in the Form 5 file of the individual concerned. It will remain there until the
individual has executed the next dated table of contents (Form 24, 24N, 24B, or 24R, whichever
applies) and turned it in, when all previously dated compliance certificates (Forms 24A, 24NA,
24BA or 24RA) and the previous table of contents will be removed and destroyed. Compliance
certificates for personnel for whom Form 5 files are not maintained will be retained for record as
directed by commanding officers. )

6. Distribution. AAF Forms 24A, 24NA, 24BA and 24RA will be published by the Chief,
Office of Flying Safety and distributed:

a. Through Operations Officers, automatically inclosed with each set of revisions and each
complete volume of any Information File.

b. Upon letter request from Operations Officers to: Office of Flying Safety, Information Files
Branch, Buhl Building, Detroit 26, Michigan.

7. Destruction of Unused 'Forms.

a. Unused Forms 24, 24N, 24B and 24R become obsolete and will be destroyed six months
after the date of issue.

b. Forms 24A, 24NA, 24BA and 24RA held in excess of the material to which they apply will
be destroyed

By command of General ARNOLD:

OFFICIAL SEAL BARNEY M. GILES

HQ AAF Lieutenant General, United States Army
Deputy Commander, Army Air Forces and
Chief of Air Staff
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fglo:2d ) WASHINGTON, 23 NOVEMBER 1944
EXTRACT )
BLANK FORMS
AAFForm24 ............. PIF Table of Contents
AAF Form24A ........... Temporary Compliance Certificate for PIF
AAFForm24N ........... NIF Table of Contents
AAF Form 24NA ......... Temporary Compliance Certificate for NIF
AAF Form:24B ........... BIF Table of Contents
AAF Form24BA .......... Temporary Compliance Certificate for BIF
AAFForm24R ........... ROIF Table of Contents
AAFForm24RA .......... Temporary Compliance Certificate for ROIF

(This Regulation supersedes AAF Reg. 15-24, 28 Feb. 1944, and AAF Reg. 15-24A, 2 Aug. 1944)

TABLES OF CONTENTS OF INFORMATION FILES

1. AAF Form 24N is the table of contents for the Navigators’ Information File.
* * * * * *

Each has two uses:

a. As a part of the Information File for which it is the table of contents for a three-month
period (until it is replaced by a revised current table of contents). Each will list, date,
and number all current subjects in its pertinent Information File. An asterisk (*) pre-
fixing any subject will indicate that the subject has been revised or added since the
previous table of contents was issued.

b. As a compliance certificate for its pertinent Information File. Personnel specified in AAF
Reg. 62-15 as being required to comply with pertinent information files and for whom a
Form 5 file is maintained will sign the Form 24, 24N, 24B, or 24R (whichever applies).
When a new table of contents is issued, it will replace the one in the Information File,
and the replaced Form (24, 24N, 24B or 24R), properly signed, will be placed in the Form
5 file of the individual concerned, where it will remain as a record of compliance until
the next issued Form (24, 24N, 24B or 24R) replaces it. Compliance records for person-
nel authorized to receive pertinent Information Files and for whom Form 5 files are not
maintained will be kept as directed by Commanding Officers.

2. Publication. Under the authority contained in AAF Reg. 62-15, the Chief, Flying Safety
will revise and publish AAF Form 24, 24N, 24B and 24R every three months. In order to facilitate
identification of the date of issue, there will be a color band along one border of the respective

Forms as follows:
* * * * * *

Form 24N Issue of 1 July (any year)—Blue
Issue of 1 October (any year)—Yellow
Issue of 1 January (any year)—Red
Issue of 1 April (any year)—Gray
* * * * * *

3. Distribution. AAF Form 24, 24N, 24B or 24R will be distributed by the Chief, Office of
Flying Safety through Base Operations Officers:

a. As a part of every complete volume of the Information File for which it is the table of
contents.

b. As one sheet of revisions to the Information File to which it belongs, issued as follows:

* * * * * *
Form 24N: NIF revisions dated 1 July, 1 October, 1 January, and 1 April.
* * * * * *

c. Upon letter request to: Office of Flying Safety, Information Files Branch,
Buhl Building, Detroit 26, Michigan.

TEMPORARY CERTIFICATES OF COMPLIANCE

4, Since Forms 24, 24N, 24B, and 24R are retained in their respective Information Files for the
three-month period for which they are the current tables of contents, it is necessary to use tempo-
rary certificates of compliance for revisions which may be issued in the interim. Such temporary
certificates will be issued as follows:

* * * * * *
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WAR DEPARTMENT » AAF FORM 24N APPROVED 2-28-44

Talble O{W . . . DATED JULY 1945

N accordance with the provisions of AAF Regulation 62-15, dated ]
February 28, 1944, all AAF navigators in the United States will N Av I GATO R S
certify that they have read and understand all instructions and in-

formation contained in Navigators’ Information File. They will do so IN FO RMATI O N
by signing in the space provided at the end of the Table of Contents.

Check with operations offices regularly to be sure you have all F I L E
current amendments to NIF and Table of Contents. The Table is
revised quarterly and distributed on the same basis as the Naviga-
tors’ Information File. Subjects preceded by an asterisk (*) have

been revised or added to NIF since April 1945.

AUTHORITY FOR NIF-AAF REGULATION 62-15
TABLE OF CONTENTS-AAF FORM 24N

SUBJECT AND DATE NIF No.
SECTION ONE % General

SUBJECT AND DATE NIF No.

Navigator’s Responsibility (Oct. 44) ....1-1
Flying Safety (Apr.44)................ 1-2

Unsatisfactory Reports (Apr.45)........ 1-3
Safeguarding Classified
Meaterial(Aprado): .. ...t 1-4

SECTION TWO * Dead Reckoning, Pilotage, and Radio Aids

How to Use NIF (Apr.45)............. 1-5
*Navigation Directives (July 45)......... 1-6
*Nav. Instr. Tech. Orders (July 45)...... 1-7

*Navigational Terms (July 45)........... 2-0 Radius of Action (Apr.44) ............ 2-14
*Dead Reckoning (July 45).............. 2-1 Interception (Apr. 44) ................ 2-15
*Wind Determination (July 45).......... 2-2 Search Patterns (Apr. 45) ............. 2-16
Wind by Bearings (Apr. 44) ........... 2-3 Mercator Flying (Apr. 44) ............. 2-17
Drift by Timing (Oct. 44) .............. 2-4 Great Circle Flying (Apr. 44) .......... 2-18
Off-Course Corrections (Oct. 44) ....... 2-5 Controlled ETA (Oct. 44) .............. 2-19
*Groundspeed by Timing (July 45)...... 2-6 Aircraft Radios (Oct. 44) .............. 2-20
Air Position Indicator (Oct. 44) ........ 2-7 Pillotage (Aprids) e e e 2-21
*Instrument Calibration (July 45)........ 2-8 *Most Probable Position (July 45) ...... 2-22
*Compass and Compass Swing (July 45)..2-9 Radio Compass Receiving Set (Oct. 44) ..2-23
Directional Gyro (Oct. 44) ............. 2-10 Radio Navigation Aids (Apr.45)........ 2-24
Calibration: Turret, Astrodome (Oct. 44).2-11 Time Signals (Apr. 45)................. 2-25
ESeTestISetl(@ctldd)=- T8 o0 L 2-12 HlEonans (Julyad 5) B e et S P 2-26
Power Turret Calibration (Apr. 44) ....2-13
SECTION THREE X Celestial
Motions of Heavenly Bodies (Apr. 44)...3-1 *Astrocompass (July 45) ............... 3-10
Celestial Definitions (Oct. 44) .......... 3-2 Celestial Navigation Case (Oct. 44) ....3-11
Errors in Observations (Apr. 44) ....... 3-3 Celestial Compass Swing (Apr. 44) ..... 3-12
*Aircraft Sextants (July 45) ............ 3-4 Adjustment for Time (Apr. 44) ........ 3-13
Navigational Stars (Oct. 44)............ 3-5 Rude Star Finder (Apr.44) ............ 3-14
Ageton Solution (Apr.44).............. 3-6 Checking the Sextant in the Air (Apr. 44) 3-15
Almanac Tables (Oct. 44) ............. 3-7 Checking Time (Apr.44) .............. 3-16
Observations for Latitude (Oct. 44) ....3-8 EandfallsifApn dd) = WhEs: St o in 3-17
*Daytime Fixes (July 45).............. 3-9
REV. No. 3
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RESTRICTED WAR DEPARTMENT * AAF FORM 24N APPROVED 2-28-44
SUBJECT AND DATE NIF No. SUBJECT AND DATE NIF No.
SECTION FOUR % Tactical Operations
Crew Coordination (Apr. 45).......... 4-1 Tactical Operations in the
Effects of High Altitude (Apr. 45) ...... 4-2 Various Theaters (Apr.45) .......... 4-12
Oxygen Equipment (Apr. 45).......... 4-3 Procedure on a Combat
Dangerous Gases (Apr.45)............. 4-4 Bombing Mission (Apr.45) .......... 4-13
Vision at Night (Apr. 45).............. 4-5 Long Range Cruise Control (Apr. 45)...4-14
Climate and Health (Apr. 45)........... 4-6 Preflight Check (Apr.45).............. 4-15
e HThERlogR(@Uly 45) " Wi P Rt 4-7 Emergency Navigation (Apr. 45)........ 4-16
7 Chart Procurement (Apr. 44) .......... 4-8 Air Identification and Code (Apr. 44) ..4-17
- Chart Construction (Apr. 44) .......... 4-9 Intelligence (Apr. 44) ................. 4-18
*3 Universal Plotting Chart (Apr. 44) ....4-10 *Polar Navigation (July 45)............ 4-19
E (€heckilistA(ADLRA4)l NP 4-11 *What Are Your Ideas? (July 45)........ 4-20
s
o SECTION FIVE k Crew Duties
& :
a Crew Duties (Apr. 44) ................ 5-1 *Radio Operator (July 45).............. 5-3
<Zt *Bombardier (July 45).................. 5-2 * Gunne R (UL ydd 5 T 5-4
-
= SECTION SIX % Navigation Weather
O
2 Weather Symbols (Apr. 44) ............ 6-1 Navigational and Tactical Uses of Clouds
Weather Recorder (Apr.44) ........... 6-2 (Aph =y S M TR e e 6-5
You and the Weather (Apr. 44) ........ 6-3 Condensation Trails (Apr.44) .......... 6-6

Rules for Weather Flying (Apr. 44) ... .6-4

SECTION SEVEN % Emergencies

Emergency Exits (Apr. 44) ............ 7-1 Vest-Type Emergency Kit (Apr. 45)....7-9
*Forced Landings (July 45) ............. 7-2 Life Preserver Vest (Apr.45)........... 7-10
B tching RIS - = s s 7-3 Swimming Through Fire (Apr.44) ...... 7-11

IRarachiitesNAPrRdaps I = = it s 7-4 Life Raft Kits and Discipline (Apr. 45)..7-12

Pyrotechnic Pistols (Apr. 44) .......... 7-5 Fire Fighting (Apr. 44) ................ 7-13

Smoke Grenades (Apr. 44) ............ 7-6 Kits, First-Aid, Aeronautic (Apr. 44) ...7-14

Panel Signals (Apr.44) ................ 1-7 First Aid in Flight (Apr.44) ........... 7-15

Body Signals (Apr. 44) ............... 7-8

I CERTIFY THAT | HAVE READ AND UNDERSTAND ALL SUBJECTS IN THE NAVIGATORS’

-
vt
2
b )
O]
4
o
=]
(=]
—
Z
- |
=
[~
o
(¥
2
X
-
Q.
had
L
b4

INFORMATION FILE LISTED IN FORM 24N, DATED JULY, 1945

When you receive your SIGNED. ASN.
new Form 24N, dated Octo-
Ber, 1945, remove this form,
K

sign it, and give it to your s R L
Operations Officer to put in
your Form 5 file. RGNz ATION

DATE.

L )
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NAVIGATOR’
RESPONSIBILITY

BEFORE FLIGHT

THE NAWEGATOR

SHALL:

Distances

Headings

Altitudes

Alternate Destinations
Time of Departure
Estimated Time of Arrival
Methods of Navigation
Precomputed Solutions

Fuel Consumption

Winds Aloft as Well as on the Ground
Wind Trends

Immediate and Forecast Conditions

WEATHER

Position of Any Fronts
2 R el ke 4 THE Barometer Readings and Trends
WEATHER ALONG AND - ' . Dew Points

Temperatures

ADJACENT TO THE

LINVE OF FLIGHT

RESTRICTED
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EQUIPMENT

INSTRUMENTS

HAVE ALL H/5

EQUIPMENT I

THE PLANE

FUEL

“ZJV6?67< /A/VL?
CON5UMP

CREW

CHECK TO ASSURE
HIMSEELF THAT

EFACH MEMBER

OF HIS CREW .vvs

SURE THAT ALL ABOVE

FION OF HIS PLANE *

1S SATISFACTORY FOR THE FLIGHT

REVISED OCTOBER, 1944 NIF 1-1-2

Solution Books

Log Forms

Charts

Flight Plan
Precomputed Solutions
Instruments and Tools

Driftmeter Alignment
Radio Circuits
Compass

Sextant

Watch

Turret Calibration
Astro Mounts
Instrument Panel
Interphone

Determine the exact amount of fuel in

his tanks before each takeoff

Knows his general
during flight

navigation duties

Knows his particular navigation duties

during flight

PLANNED

RESTRICTED
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NAVIGATOR’S RESPONSIBILITY

During flight the Navigator shall

At all times use every means available of determining position
Check his compass on every heading

Give position reports upon request

H L N -

Keep a complete log of events

5. Initicte requests for navigational aids from crew members

Upon landing the Navigator shall

1. Properly stow all equipment and instruments
2. Enter any instrument deficiencies in forms 1 and 1A
3. Analyze the completed mission

(a) !mproper planning

(b) Errors made

{c) New situations

(d) Specific instrument flight errors

(e) Insufficient crew cooperation

RESTRICTED
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APRIL, 1954 MIF 1-2-1

- =oAFETY

UNSATISFACTORY NAVIGATION
RESULTS FROM

Ignorance

Carelessness

Poor Physical Condition
Bad Judgment

Lack of Initiative

In the campaign to defeat these enemies of safety, proper
authorities have prescribed navigation techniques, procedures

and standard practices; but they can only point the way

SAFETY OF NAVIGATION DEPENDS UPON YOU

Keep yourself physically fit

Be proficient in every method of navigation

Keep your equipment in operating order

Check every result .

Question everything you do in the light of good, hard
common sense

Plan in advance for possible emergencies and work out in your
own mind procedures you propose to follow for each

RESTRICTED
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APRIL, 1944 NIF 1-2.2

PLAN EVERY FLIGHT IN DETAIL

Be sure you know before you get off the ground, what your destina-
tion is, the weather you will probably encounter, the methods of navi-
gation which will probably be most advantageous, and proper courses
and distances.

If you don’t have a planned attack for the mission and its individual
problems, you won’t solve them accurately in the air. Know what you
are going to do—then do it. '

CHECK YOUR EQUIPMENT

Be sure all of your equipment is in working order all of the time.
Be sure the crew chief knows how to keep all of your equipment prop-
erly aligned and calibrated; but check it yourself and oversee every
calibration—for you are going to use the equipment.

Be able to check the accuracy of your equipment in the few minutes
before takeoff by sight alignment and calibration checks.

Establish and carry a check list at all times for use in gathering your
equipment for each mission.

TAKE THE INITIATIVE

You are entrusted with the job of getting your airplane to its destina-
tion, so be sure you get it there—and on time.

Ask crew members to give you the help you need, when you need it,
and be sure that your requests for information are understood. Check
directly with the crew members to guarantee a proper understanding
of terms and instructions you will use in the air.

Check all results at least twice, then ask yourself if the result is
reasonable. Think out everything you do.

Know you are right, then be sure the pilot understands exactly what
you want him to do.

Be sure your pilot is thoroughly familiar with terms and directions
you will use in the air before you get off the ground. Go over everything
that will improve your work together. When you’re in the air, it is too
late for groundschool classes.

Be so conscientious that your crew will always have confidence in
your ability to find the way. Develop your technique to the point where
even you have confidence in your work.

KEEP A COMPLETE LOG

Proper records of each flight are a must. Develop your own system
of keeping the flight record, but be sure that it is adequate. .

Do not hurry through an entry. Be sure the proper time, place and
event is legibly and fully recorded. '

RESTRICTED
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Make enough entries to tell the full story. A complete log will abso-
lutely reconstruct the flight for purposes of intelligence, observations,
self-analysis, equipment flight errors, and general record. No mission
is complete without a complete record.

ADMIT YOUR MISTAKES

Be sure to analyze the results of every mission as soon as you get on
the ground. Be honest with yourself.

If something has happened that you can’t understand, find out why
it happened. If you've made a mistake, decide why you made it. When
you’ve found the reason behind poor results or unexpectedly good re-
sults, use this knowledge on all future missions.

When on a mission, keep the pilot fully informed of the progress you
are making, without bothering him with every minor detail. He wants
to know important things.

Don’t get lost and keep that information to yourself until you run
out of gas. If you let the pilot and crew know when things are going
well, let them do some of your worrying when you are lost. Two heads
are better than one when you're in a tight spot.

PRACTICE ALL METHODS OF NAVIGATION

No matter what type of navigation you are engaged in over a period
of time, be sure to sustain your knowledge and skill in every form of

7
g navigation. You may have to use another type of navigation on your
W 1“ /O next mission,
/ @ \ You can retain your skill and knowledge only by sincere, conscien-
{ ) tious endeavor. The knowledge of some minor navigational aid may
W mean the difference between life and death for you.

AT ALL TIMES, KEEP THINKING ABOUT NAVIGATION

—

FINALLY:

<4 Navigating is an exacting, serious business. It demands everything
you have of knowledge, attention, effort, judgment, and skill. If you
give it any less than your best, it exacts a high price for your mistakes.

{ -\ KEEP PRACTICING NAVIGATION.
%

CL h—,%
\

'-._._.,..,,...-"'!l"

ety
\

C

{

<\~
'.' ".l _&-
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UNSATISFACTORY REPORTS _

The Air Technical Service Command wants to know what equipment,
design, material, workmanship, maintenance or supply method, system, or
form is unsatisfactory. AAF Form No. 54, Unsatisfactory Report, when
properly filled out, gives the Command all the information it needs.

It is the responsibility of every navigator to file an Unsatisfactory Report
on all defici~ncies that affect the accuracy of his work.

Information concerning even the smallest failure may be of great value
if reported to proper authorities in time. Everyone is encouraged to submit
Unsatisfactory Reports whenever he sees an opportunity to contribute to
greater efficiency by suggesting correction of faults.

As a navigator, you are in close touch with both methods and machines.
A great ground organization is behind the men who fly. But both flying and
ground operations always can be improved. Unsatisfactory Reports are
designed to speed improvements and to permit the individual to present a
maintenance problem and his suggested correction, through channels.

satisfactory condition clear you might as well not ~
send in a UR. See AAF Regulation 15-54 for details

IMPORTANT about how to file different types of UR’s.

Unsatisfactory Reports are not restrict-
ed to faulty or unsatisfactory equipment.
Use AAF Form No. 54 to report any of
the following conditions:

1. Failure of equipment.

2. Unsatisfactory equipment design.

3. Unsatisfactory aircraft design.

4. Defects caused by faulty material,
workmanship, or inspection.

5. Unsatisfactory maintenance.

Coordination

All Unsatisfactory Reports originating at a station
are routed through the Engineering Officer, who
investigates and enters his endorsement. He sends
the UR to the Director, Air Technical Service Com-
mand at Wright Field, Dayton, Ohio.

Action

If you submit a UR don’t expect an answer. Air
Technical Service Command uses its personnel to
correct deficiencies, not to answer mail. The U.R.
Digest is published periodically and it reports on
UR’s received and action taken. Check this digest
for a report on any UR’s you have submitted.

An Unsatisfactory Report properly filled out is
shown on the following page.

How to Prepare a UR

Obtain AAF Form No. 54 from your Engineering
Officer.

Each report must be a complete description of an
individual case. It must explain the unsatisfactory
condition, including all pertinent information, to en-
able investigation and correction of the trouble re-

REMEMBER
AAF Form No. 54, Unsatisfactory Report, is de-

ported without the need for further requests for
information. Include photographs and specific serial
numbers of equipment. Unless you make the un-
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signed to facilitate the correction of field problems.
Minimize your problems by reporting all unsatisfac-
tory conditions immediately.
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EE o oA WAR DEPARTMENT

TO BE FILLED IN BY STATION ARMY AIR FORCES LEAVE BLANK
STATION SERIAL N, DATE SUBMITTED UNSATISFACTORY REPORT A 3.C, SERIAL Mo REFER TO

45-106 2a)T (Suw AAF Reg. 15-54 far Lafarmation sn Preper Fss of thls Form)

STATION OAGARIZATION

AAB, Westover Field, Mass. 112th AAF BU CCTS Bomb (H).

SUlleECT Progerty Class—MName Manufactarer AAF Qrdor or Shipping Me.

REPORT 05-A Aircraft Sextant, Type A-10 Fairchild

AIRGRAFT —Model & AAF Sarlal Ne. ENRINE— Mado! & AAF Serial Rs. UNIT OR ACCESSSRY —Type, Modal 2nd Serlal We.

Type A-10, all models

AIRCRAFT LAST B, L. R.—Dapet Bats Fiylag Time Slace Total Flyleg Time
R!o',?l_.yt‘ po hylag tyleg

ENGINE LAST OVERHAUL—Degot Hours Since Dapets and Hourc At Each Previous Overhaal
BT 3 i

Nams Part Drawing, Serial sad Specification Koo

P
A Bubble Chamber € 320-389
R

Time {z Use Aﬂunmy on Hand Quantity Knows Befictive No. Previsgs Failures | Manufacturer I ‘s No. or 1dantifi

T iSince Jan ! 120 120

Imdlcate by “X°* r Photegrapied |- (L] Soat Under Sent fa " Remaired and Dispasad of m Te Sverhaul
Dispositisn » X |[and Prints X |for Soparate D Attached [ Innurned te (Explaln Facliity
of Exhibit Enclozed Instructives Caver Fackage Service Belaw.) L (INITIALS)

GIVE COMPLETE DETAILS, PROBABLE CAUSES AND RECOMMENDATIONS BELOW: ° \
(Uss Only Applicakie Spaces Abave—Aveld Unnecessary Reyetition) EXPEDITE

1. DESCRIPTION OF UNSATISFACTORY CONTDITION:

The use of electrical illumination for the A-10 sextant bubble causes the
field of vision to be filled with dim light which has been scattered from the
periphery of the bubble, thereby reducing the visibility of stars.

2. HISTORICAL DATA:

Experiments conducted by the Standardization Board, this station, in con-
Junction with the physics department of Massachusetts State College, indicate
positively that radium illumination of the bubble is possible.

ACTION TAKEN TO CORRECT UNSATISFACTORY CONDITION:
See Historical Data. Subject UR submitted.

RECOMMENDATIONS:

Paint with radium paint the following parts: (a) Ring, Bubble Chamber Light,
Manufacturers! Drawing #B320-376; (b) Plate, Bubble Chamber Diffusion, Manu-
facturers' Drawing #B320-420. The recommended change will permit the elimination
of the battery case with two batteries which is now used for internal illumination
of the bubble.

5. DISPOSITION:

In use; held for instructions.

/f(p/."{?LL
R.C. KUGEL,

Lt. Col., A.C.,
Director for Maintenance & Supply.

HOQ. AIR SERVICE COMMAND, PATTERSON FIELD, FAIRFIELD, OWIO.

u ROUTING SEND ORIGINAL AKD TWO COFIES DIRECT TO COMMANDING GENERAL, u
R W U 5. GOVERNMEXT PRINTING OFFICE » 1943 16—34010-1 R
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AT AR AR

SAFEGUARDING
CLASSIFIED MATERIAL

Military information and devices are classified as
top secret, secret, confidential, or restricted. All
classified material is clearly marked with its classifi-
cation. If it is not so marked, it is unclassified. Treat
all classified material as follows:

Top Secret

May be read or handled only by specifically desig-
nated persons. No one may have access to it merely
because of his rank or office. Special procedures for
handling top secret material are covered by letter
instructions to the people concerned.

Secret

Only persons directly concerned should read it.
It should be discussed only with those who may read
it. It must be kept in a 3-combination safe when not
in use. It must be mailed in two envelopes, an inner
envelope addressed properly and marked or stamped
Secret; an outer envelope addressed properly, but
with no marking to indicate its classification. Send it
by registered mail.

To destroy secret or confidential material, burn
it, or use an approved shredding machine. Until you
can do one or the other, tear it in small pieces and
safeguard it as you would the original material.

Confidential

May be read only by persons in the military
establishment and by civilians whose duties require
that they read it. It may be discussed with those
authorized to read it, but never over the telephone.
Mail and guard it the same as secret material.

Restricted

May be read by, and discussed with anyone whose
loyalty is unquestioned. It is never to be released
for publication, or discussed with the general public.

REV. No. 2

It is to be kept in a guarded area, behind locked
doors, or in a safe.

Mail by first class mail unmarked.

To destroy, tear up the material before throwing
it into a wastebasket.

Inspection

At every Headquarters an inspection will be made
each day immediately before closing to insure that
classified material is properly taken care of.

Classified Equipment

The regulations for safeguarding classified equip-
ment are, so far as practicable, the same as those for
written matter. In general the procedure for han-
dling secret and confidential equipment is as follows:

When you land at an Army Air Field, either post
an armed guard or remove the equipment and place
it in a locked safe or vault.

When you land at any other field, be sure that an
armed guard is continuously assigned to your air-
plane. Locking the airplane is not a substitute for a
guard.

When you are forced down in or near enemy-held
territory, destroy all secret and confidential equip-
ment. If detonators are installed, use them. If not,
destroy the equipment manually. Make certain that
the essential parts of the equipment are destroyed
beyond recognition.

Remember: You are directly responsible for the
classified material in your possession. You may at
any time become responsible for such material nor-
mally in the hands of others. You must understand
these classifications in order to know what your re-
sponsibilities are in any given case. You must ob-
serve security regulations at all times or you will
endanger yourself, your crew, and your mission.

REFERENCE: Army Regulation 380-5
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HOW TO USE NIF

Your NIF Responsibility

When you receive NIF revisions you are required
by AAF Regulations 62-15 and 15-24 to do the fol-
lowing:

1. Sign the receipt portion of Form 24NA (which
is always enclosed as the first sheet of every revi-
sion). Hand this receipt at once to the operations
office where you received the revision.

2. Read the directions on the envelope which con-
tains the revision.

3. Remove from your NIF and destroy the pages
which are listed on the envelope. Don'’t try to short-
cut and place the revision pages in at the same time
you remove the replaced pages. You are sure to
make mistakes. Do it one step at a time. Go clear
through your book and take all pages out that are
listed on the envelope. This is vital.

4. Read and study the revision sheets until you
understand them.

5. Place the revision sheets in their proper places
in your copy of NIF.

6. When you have done all of the above, and not
until you have done it all properly, sign the compli-
ance section of Form 24NA and return it to your
Operations Officer so that it may be placed in your
Form 5 file.

You have 30 days (by AAF Regulation 15-24) in
which to do all of the above. If you have neglected
any of the steps above you have violated regulations
and are subject to disciplinary action.

The duties outlined here require perhaps two
hours a month. If you shirk or neglect these duties
your NIF cannot be useful to you. It must be cur-
rently correct or you cannot add new revisions
properly.

Navigators’ Information File is your book. It was
designed to save you many hours of work. You
would have to search and read through thousands
of pages of War Department, AAF, and miscella-
neous publications to get the information which you
have to have to keep up-to-date with your duties and
responsibilities if it were not for NIF.

General

The Navigators’ Information File is a manual of
instructions and information with which all AAF
navigators in the continental United States are re-
quired to comply, in accordance with the provisions
of AAF Regulation 62-15.
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NIF is designed to keep you informed of matters
affecting flying safety and operational efficiency. It
contains a review of basic material and attempts to
keep abreast of changes in equipment and tech-
niques. Check frequently to be sure that you have
read and understand the information in NIF.

How Subjects Are Numbered

Each subject listing is numbered. The first number
indicates the section. For example, 3, which is Celes-
tial. The second number refers you to the subject.
For example, 3-4, Aircraft Sextants. The third num-
ber lists the page. Thus, the third page of Aircraft
Sextants is marked 3-4-3.

Revisions

Revised sheets bear a new date line in the upper
right hand corner thus: REVISED APRIL, 1945. If
the page is new and does not replace an old one, it
bears a line thus: ADDED APRIL, 1945.

Often a whole subject is revised completely and
the revised pages may number more or less than
the pages they replace. In such a case all the pages
merely bear the REVISED notation, with the date.
So don’t be confused if you have more or fewer
pages than you have removed.

To Comply with Revisions

When you receive a set of revision sheets from
your operations office, you find in the envelope a
temporary certificate of compliance (Form 24NA).

Before you sign it to certify that you have read
and understand all the revisions, be sure you have
read and have complied with each item you are
certifying to.

With each revision a page is supplied to explain
the changes that were made. You will find that often
only minor changes have been made on some pages.

Distribution of Revisions

Revisions are distributed to individual navigators
by the Base Operations Officer, who receives revi-
sions automatically from the publisher of the File.

If any Operations Officer does not receive the cor-
rect number of revisions (plus a 10% overage) he
will communicate at once with: Office of Flying
Safety, Information Files Branch, Buhl Building,
Detroit 26, Michigan, stating number of revisions
required at his station. He will also send letter re-
quest to the above for any copies he may need of
the complete File.

Operations Officer will also report promptly on
the activation or deactivation of any station.
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The Table of Contents ( Form 24N )

Every three months you will receive a new Table
of Contents in the envelope with the revisions of
that month. In order that you may identify it, and
be sure that you have the current table in your NIF
the following color key is used:

January : Red April : Gray
July : Blue October : Yellow

Subjects preceded by an asterisk (*) have mate-
rial revised or new since the last Table of Contents.

You will find that all the pages of any one subject
do not bear the same date. But the date following
the subject listing in the Table of Contents is the
latest revision date for any of the pages included in
that subject.

When you replace the Table of Contents with a
new one, don’t destroy the old one. Sign it to show
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that you have read and understand all the subject
matter it lists. Then turn it over to your Operations
Officer to be placed in your Form 5 file.

Operations Officer’s Responsibilities

An Operations Officer is responsible:

1. That every navigator attached to his base re-
ceives a copy of NIF and all revisions.

2. That every navigator on his base signs a com-
pliance form certifying that he has read and under-
stands all material contained in NIF and revisions.

3. That the compliance certificates (Form 24NA
and Form 24N) are placed in the Form 5 files of the
individuals concerned.

When navigators turn in their Forms 24N at the
end of a three-months period, the Operations Officer
will see that previously dated Forms 24N and 24NA
in the Form 5 files are removed and destroyed.
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WANTFB: YOUR CRITICISMS OF NIF

May we call your attention to AAF Regulation
62-15, which directs all AAF establishments to sub-
mit, to the address given below, items they desire to
have included. This also means any criticism of ma-
terial already in NiF—corrections, questions of inter-
pretation, and mistakes. Staff navigators of all com-
mands in the domestic area meet every three months

REV. No. 2

to advise the Editor, NIF, and review all suggestions
and criticisms from the field. Our aim is to keep NIF
accurate, current, and fully useful. If you can help us
do that, we will appreciate it. Mail any comments,
criticisms, or suggestions to: OFFICE OF FLYING
SAFETY, Information Files Branch, Buhl Building,
Detroit 26, Michigan.
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NAVIGATION DIRECTIVES

The following Army Air Force Regulations, Memos, and Training Standards affect your status as a navigator
and as a member of an aircrew. The directives referring to your navigation duties are classed as primary.
Others are general. Training Standards are listed separately.

PRIMARY

Regulations

AAF Regs. 15-21 and 15-21A. Instructions for
filling out AAF Form 21A, Navigator’s Flight Log.

AAF Reg. 15-24. Use of Forms No. 24N and 24NA,
certifying that Navigators’ Information File has been
read and is up-to-date.

AAF Regs. 50-7 and 50-7A. Training and other
requirements necessary to attain navigator’s rating.

AAF Reg. 55-17. Requires each station to have a
wroperly installed master watch or clock, checked
at least once each day against radio time signals.
Also shows method of recording daily error.

AAF Reg. 55-18. Requires that flight crews be
briefed thoroughly in operations, intelligence, weath-

er, communications, and any other subjects neces-

sary for the accomplishment of their missions. Covers
the subjects in which the crews must be briefed.

AAF Reg. 60-17. Navigational training: correct
navigational procedure; limitation of navigational
methods, including pilotage, dead reckoning, radio
navigation, and celestial navigation.

AAF Regs. 65-67 and 65-67A. Issue of kits: Per-
manent issues to authorized military personnel are
made on shipping tickets. Temporary issues to non-
tactical organizations and to individuals are made on
memorandum receipts.

Memos

AAF Memo. 35-12. Duties of staff navigation of-
ficers assigned to squadrons, groups, or wings. Train-
ing responsibilities of such officers are emphasized
particularly.

GENERAL

Regulations

AAF Regs. 15-54 and 15-54A. Unsatisfactory re-
ports. See NIF 1-3-1.

AAF Reg. 35-16. Suspension, removal, and re-
assignment of rated personnel on flying status.

AAF Reg. 35-47. This regulation contains descrip-
tions of all the Army aviation badges, tells who may
wear them, and prescribes that no one shall wear

REV. No. 3

more than one at a time.

AAF Regs. 60-16, 60-16A, 60-16B, 60-16C, 60-16D,
and 60-16E. Air traffic rules. These regulations also
include a list of distress signals (Reg. 60-16, par. 13).

Memos

AAF Memo. 25-2. Effects of high altitude on fly-
ing personnel. Memo includes use of oxygen.
AAF Memo. 65-8. Common abuses to parachutes.

TRAINING STANDARDS

AAF Training Standard No. 20-1 (Special). For
A-26 night bombardment crews.

AAF Training Standards Nos. 20-1 and 20-1A. For
medium and light bombardment crews.

AAF Training Standards Nos. 20-2 and 20-2A. For
heavy bombardment crews.

AAF Training Standard No. 20-3 (Special). For
B-29 units and crews which operate stripped air-
craft.

AAF Training Standards Nos. 20-3, 20-3A, and
20-3C. For very heavy bombardment crews.

AAF Training Standard No. 30-4. For night photo
reconnaissance units and crews.

AAF Training Standard No. 30-6. For recon-
naissance units and combat crews engaged in long-
range photographic, weather, and radio-counter-
measure missions.

AAF Training Standard No. 30-7. For reconnais-
sance units and combat crews (very long range
photographic).

AAF Training Standard No. 80-970. For Link
Celestial Navigational Trainer Operator (SSN 970).
SSN means Specifications Serial Number.

AAF Training Standard No. 90-1034. Job descrip-
tion for the navigator.

AATF Training Standard No. 90-1036. Job descrip-
tion for the navigator-bombardier.

AAF Training Standard No. 120-2, Requirements
and proficiencies to attain in the operational training
of troop carrier groups, units, and combat crews.

AAF Training Standard 130-2. For emergency
rescue units and crews (aircraft).
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NAVIGATION

Air Position Indicator . ...

Airspeed Meter .. ....

I"STR“MENT A ETem o . AL s S s s
Altimeter, Radio SCR-718 .. ...............
Altimeter, Radio AN/APN-Y . .. . .. ... ...
TEcH OR n E Rs Astrocompass

Airspeed Meter Calibration .. .. .. ... ..........,

Chronometers and Navigation Watches
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.................. 05-35-34

e OEROS2
.eo.....05-20-8

..AN 08-40SCR718-2
......AN 08-10-186

iiva...05-15-11

............ 05-35A Series

Compass, Calibration and Swinging . ... .............. .. 05-15-3
Compass, Gyro-Stabilized Flux Gate .. ........... ... AN 05-15-16
Compass, "Magnesyn. .7 .0 e bmaes s S RS AN 05-15-5
Compass Magnetics ot - Tl s S anad  r g e Sy oL 05-15-2
Compass;'Magnetic B=T65. . . - . = ke TR AN 05-15-17

» Computer, C-2 Altitude: 5 2 et (s e 05-35-21
Computer, E-6B 55 05-35-9
Computer, G-1 True Airspeed .. ........................ 05-35-17
Directional Gy ro .. Jsk cvmsniveis dires st e cirb e S 0IS52 0110
Driftmerer, B2= . o i e R i A e o 05-25AA-1
Driftmeter B, o e e e i s i RO S VAT

B = Dgiftmeter, BeS i d  C e R e R 05-35-20
*“':.' Kits, Celestial Navigation ........................... 00-30-61-2
© Loran AN/APN-G .............................. AN 08-30APN4-2
1 Loran AN/APN-9 . .. .. .. ... veiiiiivs......AN 08-30APN9-2
" Radio Compass, AN/APN-7 .................... AN 08-30APN7-2
t‘%‘ Radio Compass, Model MN-31 .. ... ..................... 08-10-85
* Radio-Compdass, SER-269-G=. =2 5 0 sl L tm L 08-10-175
.~  Radio Compass Calibration and Compensation ........... 08-5-30
Radio Data and Radio Aids to Airways Flying . .. ....... ... 08-15-2
Sextants, A-5and A7 .. ... aimrt oot L L sann, - 09=315=4
Sextants, A-8, A-6A, and A-8 . ... .. ... ... ... i 05-35.7
Sextant, A-10 05-35-12

S X tant A= T O A s e R T Wt O5E315533
Sextant, A-12 ..05-35-15
Sextant, AN-5851 ..05-35-22
Sextant, AN-5854 .. . . ... ..05-35-27

UNSATISFACTORY NAVIGATION EQUIPMENT MUST BE REPORTED ON AN AAF FORM NO. 54,
UNSATISFACTORY REPORT. YOU MUST GIVE THIS FORM TO YOUR SQUADRON AND GROUP

NAVIGATOR AS WELL AS TO YOUR ENGINEERING OFFICER
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NAVIGATIONAL
TERMS

ADDED JULY, 1945 NIF 2-0-1

AAF publications for the
most part agree in their defi-
nitions of navigational terms.
In their use of these terms,
however, AAF navigators
sometimes depart from the
meanings of the definitions.
The following explanations
may bring about more con-
sistency between definitions
and uses.

REV. No. 3

DEAD RECKONING

Dead reckoning, the basis of all navigation, is the use of infor-

mation such as time, speed, and distance from a known position
to find unknown data involving the same factors.

1.

In basic dead reckoning, use groundspeed and track-
made-good, established directly from two or more
known positions.

. In precision dead reckoning, use known position, true heading,

true airspeed, and wind speed and direction.

In ground plot, find the position of your airplane by
plotting track-made-good (true heading with wind effect)
and groundspeed (true airspeed with wind effect).

In air plot, find the no-wind position of your airplane
by plotting true heading and true airspeed.

. In follow-the-pilot, continuously determine your position,

using precision dead reckoning, without controlling the
heading or airspeed of the airplane.’

FIXES

A fix is the airplane’s position determined by one or more

navigational aids.

1.
%

In fix-to-fix procedure, treat single fixes as actual positions.
In average track procedure, establish average track and
groundspeed by interpreting a series of fixes.
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DEAD
RECKONING

Importance

The successful termination of any flight depends
on dead reckoning. Navigators returning from all
over the world—from the Aleutians, where weather
is always a problem; from the Marianas, where long
over-water flights are made constantly; from China,
the land of no maps—stress this fact: Dead reckon-
ing is the basis of all navigation. Use it.

Celestial, pilotage, radio, and Loran all are aids
to dead reckoning. Use them only as aids.

Dead reckoning is based upan the solution of the
time-speed-distance problem, and you are primarily
a dead-reckoning navigator. Pilots dead reckon on
every flight, though they are not always aware of
this fact. Your work must be more exact, of course,
than a pilot’s mental calculations. And you must
know and use every form of dead reckoning avail-
able to you on every flight you make.

If you make but one resolve as a navigator, it
should be, “I'll dead reckon on every flight from the
time we take off until the wheels are back on the
ground.” If you do less than this you are not doing
your job—and that can easily prove fatal.

Computations

To do accurate work you must be able to recog-
nize all possible errors in your computations and
know how to compensate for them. Furthermore,
you must understand the navigation problems you
are likely to encounter and plan your solutions of
them before you leave the ground. Constant air
practice then gives you needed confidence.

Prepare adequately on the ground to make your
work as easy as possible in the air. The distractions
of flight conditions such as combat, weather, and
lack of oxygen, and the inconveniences of fatigue
and cramped quarters unavoidably complicate your
job. Don’t make it more difficult for yourself.
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True Airspeed

An error that is not always recognized is the
error in the free-air temperature gage. Although the
free-air temperature gage is mechanically perfect, it
measures only the temperature of the air immedi-
ately surrounding the airplane. Because of the
effects of compressibility and friction, this air in-
variably is warmer than the free air. Obtain accu-
rate free-air temperature by decreasing indicated
temperatures by the following amounts:

TAS Decrease TAS Decrease
{knots) (c°) {knots) (C°)
60 0.4 260 7.2
80 0.7 280 8.3
100 1.1 300 9.5
120 1.5 320 10.9
140 2.1 340 12.3
160 2.7 360 13.7
180 ‘| 34 380 15.3
200 4.2 400 17.0
220 5.1 420 18.7
240 6.1 440 20.5

1. Set indicated temperature and altitude on your
computer and read approximate true airspeed above
calibrated airspeed.

2. Enter the table with approximate true airspeed
and find the temperature correction.

3. Use the corrected temperature and altitude to
obtain accurate true airspeed.

Record corrected free-air temperatures on weather
reports for Weather Intelligence, or note on the
report that you have not made the correction.

" REFERENCE: Technical Order 05-40-15.

Turns

Depending upon the type of operation and
whether your airplane is flying alone or in a forma-
tion, it may be a good idea to calculate the distance
you travel in a turn. That distance depends upon the
rate of turn and the speed at which you are flying.

For example, a formation of B-17’s (approximately
36 airplanes), indicating 150 mph, makes a 90° turn
in this manner:

The lead airplane starts to turn one minute be-
fore the turning point and straightens out on course
one minute past the turning point.

You can gain or lose time by increasing or de-
creasing the rate of turn.

RESTRICTED



RESTRICTED

ADDED JULY, 1945 NIF 2-2-1

Track and Groundspeed

When you know true heading, true airspeed,
track-made-good, and groundspeed you can obtain
wind direction and speed on the E-6B computer as
follows:

1. Obtain track-made-good and groundspeed by
any method which is convenient, such as a pilotage
or Loran fix.

2. Place the true heading of your airplane under

REV. No. 3

the true index of your E-6B computer.

3. Place true airspeed under the grommet.

4. Mark the intersection of your groundspeed and
drift line.

5. Place this mark on the center grid line under
the grommet.

In combat, after assembling the formation, lead
navigators fly a briefed true heading at a briefed
indicated airspeed in order to check metro winds.
They do this before crossing enemy territory.
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Wing navigators also should know how to check
metro winds; this is valuable information if they
must abort or are separated from the formation for
any reason. They should be told the best leg for
checking winds, during briefing, and should use the
following procedure:

1. Use the briefed true heading, even though your
compass fluctuates around this heading.

2. Use the briefed indicated airspeed. The lead
airplane flies at a constant airspeed in formation.

3. Apply free-air temperature and pressure alti-
tude to the briefed indicated airspeed to find your
true airspeed.

4. Obtain track-made-good and groundspeed by
any convenient method.

5. Place these four factors, TH, TAS, GS, and
TMG on your E-6B in the way explained previously.

If the flight plan is altered for any reason, all air-
planes in the formation are notified.

Air Plot

You can find an air position (no-wind position)
for any given time in flight by using true heading
and true airspeed as a basic plot. The vector between
your air position and a pilotage point or fix is aver-
age wind effect from the beginning of the plot. Place
this wind on your computer to obtain drift correc-
tion for altering your course into destination.

When using an air plot, you determine the wind
once you have established a fix, even though you
have flown several headings. After several hours
of flight, however, this wind is not a reliable indica-
tion of the latest wind. It is an average wind effect.

Here is a suggested method of obtaining a reliable
dead-reckoning position if your fixes are liable to be
five miles or more in error. This is particularly ap-
plicable to a single airplane in over-water flying.

You must obtain at least one fix an hour to
achieve good results.

1. Keep an air plot.

2. Use each fix to obtain a wind.

3. Keep a plot of the wind vectors obtained from
each fix, with a record of the number of minutes that
each represents.

4. Divide the resultant force by the total number
of minutes represented. This gives you a wind force.

5. Using the average weighted direction, plot this
wind force for the time of your desired dead-reck-
oning position. This gives you a weighted dead-
reckoning position from which to turn into destina-
tion. It should be accurate within 10 miles even
though your fixes are 10 miles in error in any direc-
tion and a 90° wind shift has occurred at some time
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10:00 11:00
09:00 RESULTANT 12:00

AVERAGE WEIGHTED WIND

during the flight.

Example:

1. Departure 09:00.

2. Take a fix at 10:00. Wind which you obtain
from the fix is 245°/20k.

3. Plot this vector.

4. Take another fix at 11:00. Wind which you ob-
tain from this fix is 270°/17k.

5. Plot this vector from the end of the first vector.

6. Take another fix at 12:00. Wind which you ob-
tain from this fix is 286°/34k.

7. Plot this vector from the end of the second
veclor.

8. Measure the direction and length of the result-
ant. 271°/67k.

9. Because the resultant is found from vectors
totaling six hours, divide 67 by 6. The average
weighted wind is 271°/11k.

10. You want a dead-reckoning position at 12:30
so you can alter course to destination. Plot a wind
vector from your 12:30 air position equal to 271°/
38%%k (3:30 X 11k). The end of this vector is your
weighted dead-reckoning position at 12:30.

Wind Pilotage

If you fly at an altitude of 2000 feet or less, with
no cloud formations between your airplane and the
surface of the water, vou can estimate the direction
and force of the wind. As a general rule, in the
Northern Hemisphere wind direction at 1500 feet
over the sea is about 10° greater than at the surface.
Apply this tendency to veer (shift clockwise) pro
rata for intermediate heights. It is too uncertain for
extension much above 1500 feet. Westerly winds al-
ways veer in this manner; easterly winds sometimes

. veer, but not always. The direction of wind shift is

reversed in the Southern Hemisphere.

Over inland waters the wind direction varies as
much as 30° to 40° because contours along the shore-
line affect wind direction.
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The ability to estimate this wind is important, be-
cause 6- to 12-hour, low-altitude, over-water mis-
sions are not uncommon. Emphasis on Pacific opera-
tions makes this even more important.

Wind Direction

Crest lines of the smallest ripples on the sea sur-
face are perpendicular to the direction of the wind.
The foam or white caps that are formed on the water
always appear to slide into the wind. This illusion
is especially striking to an observer in an airplane.

What actually happens is that the foam is left on
the water by the white caps, and as the waves ad-
vance the foam is left behind.

To judge wind direction:

1. Place true heading of the airplane on your
E-6B computer.

2. Hold the computer with true index facing the
nose of the airplane and the center grid line parallel
to its longitudinal axis.

3. Lay your plotter across the computer, parallel
to the crest line of the waves.

4. Read true bearing of the crest line and add or
subtract 90° to obtain wind direction.

When there is no definite line of waves or ripples
you can often see streaks on the water parallel to
the wind direction. These streaks are called wind
lanes. By aligning your plotter with these wind
lanes you can obtain wind direction directly from
your computer.

At the approach of a squall or a sudden summer
shower a rapid wind shift of as much as 180° may
be expected.

You can detect a wind shift by watching the sur-
face of the sea. When the wind shifts, the waves at
first appear to run together.

Watch the surface carefully when you see these
indications of sudden shifts in the wind:
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1. A sudden calm or glassy surface.

2. Curved wind streaks. Long, straight streaks in-
dicate a steady wind.

3. A distant line appearing on the surface, as if
caused by a rip tide.

Wind Force

The appearance and roughness of the sea depend
upon a number of factors, and not solely on the
strength of the wind locally. The length of time the
wind has been blowing and the rate at which it is
changing its direction and velocity are the more
important influences. Make changes in the following
guide as your experience dictates.

The force of the wind is divided into six phases:

1. 0-3 knots. When there is no wind the sea is
calm and the surface is glassy. You can observe
ocean currents during a calm. If you are flying
over an area in which there are currents, you find
they look like long winding rivers on the surface of
the sea, they stand out so prominently.

As the wind increases, the sea becomes rippled in
patches. These patches stand out like green fields
surrounded by brown foliage.

2. 4-6 knots. The entire surface of the water is
rippled. The sea is beginning to be disturbed.

3. 7-11 knots. You can see a definite wave forma-
tion with scattered white caps making their first
appearance. Some of these white caps appear to be
longer than others. The height of the wave crest is
from 3 to 5 feet. The white caps have grown large
enough to make foam, which, as it slides into the
trough, appears to slide into the wind.

4. 12-16 knots. The surface of the sea becomes
rough. The height of the wave crest is now 5 to 8
feet. This phase is characterized by numerous well-
developed white caps, which give the ocean a spotted
appearance. The foam that is made by the white caps
now stays on the water for the first time.

5. 17-21 knots. The difference between this phase
and the preceding one is principally one of degree.
For the first time, however, the foam that is formed
is blown over the tip of the waves in the form of a
spray. This spray is easy to see and it marks a defi-
nite phase in the force of the wind.

The height of the wave crest is now from 8 to 12
feet.

6. Above 22 knots. The sea becomes foamy and the
spray gets thick. The height of the wave crest in-
creases from 12 to 20 feet with a wind force of 25
knots. At 33 knots the waves increase to a height
of 40 feet, at which time their forms become com-
pletely confused.
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Important

Your estimation of windspeed is not as reliable
as your estimation of wind direction. This is espe-
cially true when temperatures and pressures are
lower than standard.

At all times remember you are using your own
judgment of the wind. You will gain confidence in
your judgment at first by estimating the wind, then
checking it with a double drift. When you can esti-
mate the drift on course to the degree, you can begin
to have confidence in your ability to read drift from
the appearance of the surface of the sea.

When you know wind direction, determine wind-
speed on the E-6B computer as follows:

1. Place the grommet over your true airspeed.

2. Draw a line down from the grommet, represent-
ing the direction of the wind.

3. Turn the scale to the direction of flight (true
heading at true index).

4. Draw in the observed drift on course.

5. The intersection of these lines gives you wind-
speed as well as direction.

You can’t check wind force in this manner when
you have a direct headwind or tailwind because you
don’t observe any drift.

Drift and Position Line
08:00

+4° DRIFT

l SUN 09:00
FALSE 08:30 09:00
S/C

WIND EFFECT

When you are flying at an altitude above 2000
feet and are unable to judge wind direction and
speed from the water, use the following procedure:

1. Carry an air plot.
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2. Read drift with your driftmeter.

3. Plot average drift (not drift correction). This
line is your track-made-good.

4. Obtain a line of position, such as radio, celes-
tial, or radar.

5. Draw a line from your air position to the inter-
section of your track-made-good and line of posi-
tion. This is wind effect for the duration of the plot.

6. Convert this to an hourly wind.

To increase the accuracy of your wind finding,
take two or more lines of position and average them.

If your air plot changes in true heading, lay off
the length of the air plot to the turning point in a
reciprocal direction from the turning point. This
gives you another departure point. Proceed as indi-
cated above.

Position Line and Wind Lane

09:00 LOP’

WIND DIRECTION =)

e 09:00

When you can estimate wind direction from the
water but are not sure of windspeed, follow this
procedure:

1. Carry an air plot.

2. Estimate wind direction from the appearance
of the water.

3. Obtain an average line of position (two or more
lines of position).

4. Plot wind direction for your air-plot position at
the time of the line of position until it cuts the line
of position. This vector is your wind effect.

5. Convert this to an hourly wind.

See the index for other wind subjects in NIF. Take
special note of NIF 2-22, Most Probable Position.
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Procedure

Fly the airplane over a definite object, and hold
the heading constant for a definite length of time.
Take a bearing on the object while on this heading
by such means as are available: pelorus, astro-
compass, driftmeter, or gun turret. Then take a new
heading, preferably 90° to thé first heading. Take a
bearing on the object while on this heading.

For the time of the second bearing, establish the
true air position along each heading by moving the
first bearing up to the time of the second bearing

along the original heading by use of true airspeed.

From this position on each heading, plot in the
relative bearing found on that heading. From the
intersection of the two bearings, draw a wind
vector toward the object on which the bearings
were taken. The direction of the wind is always to-
ward the object. This represents the wind direction
and velocity for the period of time that elapsed be-
tween first passing over the object, and the time of
the second bearing.

Remember, convert the velocity to a full hour
before using it on the computer.

IT’S AN ILL WIND THAT'S BLOWING, IF YOU DON’'T KNOW WHERE IT'S GOING.
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Here is another method of obtaining drift with
limited facilities. Suppose you are flying over an
overcast, with a mountain peak visible above it.

Your equipment includes a driftmeter, pelorus,
astrocompass, or any other instrument with which
you can take a relative bearing. Then approach and
fly by the mountain. The relative bearings you take
depend upon which side of the mountain you pass.
For this problem the mountain is on your right.

The instrument you are using to take the bear-
ing is set on a relative bearing of 45°. As the moun-
tain comes into your line of vision, record the time.
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Then set a relative bearing of 90°on your in-
strument, and the instant the mountain is again
visible, record the time. Repeat this on a bearing of
135°, and record the time.

Divide the time interval between the taking of
the second and third bearing by the time interval
between the taking of the first and second bearing.
The result is the factor with which you enter the
table below.

If the object on which you took the bearing is to
your right, the sign of the drift correction is as shown.
If the object is to your left, reverse the sign.

DRIFT DRIFT
CORRECTION EACTCR CORRECTION FACTOR
PLUS 1 1.0355 MINUS 1 9657
2 1.0724 2 9325
3 1.1106 3 .9004
4 1.1504 4 8693
5 1.1918 5 8391
6 1.2349 6 .8098
7 1.2799 7 7813
8 1.3270 8 7536
9 1.3764 9 7265
PLUS 10 1.4281 MINUS 10 7002
1 1.4826 n 6745
12 1.5399 12 6494
13 1.6003 13 6249
14 1.6643 14 6009
VECTOR DIAGRAM SOLUTION % =, 3 =
1. Construct a triangle on a Mercator 16 1.8040 16 5543
chart consisting of the bearings to be
taken, either 45°, 90°, 135°, or 315°, 17 1.8807 7 5317
270°, 225°.
2. Give time values to the markings on L 19428 8 -509%
the edge of your plotter and construct 19 2.0503 19 4877
line AB so that AD is equal to the time
interval between the first and second PLUS 20 2.1445 MINUS 20 4663
bearings, and DB is equal to the time | 21 2.2560 21 4452
interval between the second and third
bearings. 22 2.3559 22 4243
3. Angle CAB is your drift in degrees. 23 2.4751 23 4040
4. Drift is right if the first time interval
is greater than the second. 24 2.6051 24 .3839
5. Drift is left if the first time interval 25 2.7475 25 3640
is less than the second. E
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OFF COURSE CORRECTIONS

E-6B COMPUTER

1. Place any heading at true index
and any true airspeed figure under
the grommet.

2. Draw a line representing the number
of miles you are off course down
from the grommet.

3. Rotate the compass rose 90°.

4. Place the grommet over the number
of miles you have flown.

5. Read correction to parallel course
off the end of the arrow.

6. Slide the card until the distance to
return to course or destination is
under the grommet.

7. Read the correction to return to
course in the required distance from
the end of the arrow.

Use this method of course correction
under the following conditions only:

1. When you have a small correction
angle.

2. When wind effect is the sole reason
you are off course.

R —— R 4

5p'<

WL, O o o

- OFF COURSE...........

= YO PARALLEL COURSE  .3%°
{ .90 nm

£ =

; = 70 RETURN TO COURSE

gl NeOAm........ ...

1935 gy p, DALTON

Rule of Thumb

In traveling 60 miles, each mile off course is equal
to a 1° correction. By correcting 1° for each mile off
course, you parallel your intended course. By cor-
recting 2° for each mile off course, you regain the
intended course at the end of 60 miles.

If after traveling 30 miles you find you are 5 miles

off course, remember—that is equivalent to 10 miles
off course in 60 miles run. The correction is 10° to
parallel your intended course.

Don’t use this method of correcting course when
you can measure wind, dead reckoning position, and
directions on a Mercator chart accurately.

Accurate navigation comes before any rule of
thumb you can improvise.

THIS IS ONLY AN EMERGENCY MEASURE, BUT KNOW IT FOR THAT EMERGENCY
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WHENEVER PRACTICAL CHECK YOUR GROUNDSPEED BY TIMING

This isn’t the easiest or most practical method of
finding your groundspeed. Its accuracy, however,
depends upon your exactness in measuring altitude
and using your stop watch. Practice this method,
and check results with known groundspeeds until
you know you can get an accurate groundspeed
every time.

Problem

Given: Absolute altitude 3000 ft.
0° to 50° trail angle spread
Time in seconds 18
Required: 1. Factor
2. Groundspeed

Solution

1. The intersection of 0°and 50° shows the factor
to be .706.

2. Divide the altitude, 3000 ft., by time, 18 sec-
onds, and multiply by the factor .706.

3. The groundspeed is 117 knots.

When using the trail angle, cage the gyro for the
entire operation.

FACTORS FOR GROUNDSPEED BY TIMING

B-5 Driftmeter

The computer on the face of the B-5 driftmeter
will solve for groundspeed in one application. Set
the inner, second scale, opposite the absolute alti-
tude on the outer scale; read groundspeed directly
from the pointer. Absolute altitude is the height of
the airplane above the terrain at any given instant.

Another Method of Obtaining Groundspeed

When flying near a coastline or islands, swing the
driftmeter around to 90° or 270°. Use the trail angle
to tell when you are abeam a prominent landmark,
even though it be 30 or more miles to one side. Note
the exact time you pass abeam of the object.

Take two such bearings, each on a different point.
Then draw lines 90° to the course, and through the
points on which the bearings were taken.

You know how far you travelled in a certain time,
the distance and the time between these lines, so
you know your groundspeed.

You can compute your wind from true heading,
true airspeed, groundspeed, and drift.

FACTORS FOR GROUNDSPEED BY TIMING

NAUTICAL MILES ALYITUDE (PEET)
= X FACTOR
HOUR TIME (SECONDS)
STARTY
FINISH | *0° 10° 20° 30° 40° 30°
5° 0318
10° 1043
15° .1587| .0543
20° «2183) 1112
25° 2761| 717 0605
30° 3419 2375 .1264
35° .4146| .3102/ .1990! .0727
40° 4968 .3924| .2813| .13549
45° 3921 4877 3763, .2502| .0953
*50° JO37| 6013 .4901| .3638| .2089
55° .8456| 7412 .6300! .3037 | .3487| .140
60° 1.026 | .9222| .8100] .6837 | .5287| .320
65° 1.270 [1.165 [1.054 | .9275| .7729  .564
*70.9° | 1.706 [1.602 [1.490 |1.364 [1.209 {1.000
*B=3 Pri Has D At These Angles

STATUTE MILES ALTITUDE (FEEY)
= X PACYOR
HOUR TIME (SECONDS)

START
FINISH | *0° 10° 20° 30° 40° | 30°
5° .0596
10° .1202
18° .1827| .0623 M
20° .2482| .1280
as° 3179 1977 0697
30° L3937 .2738| .1455
3s° 4774} .3572| .2292 .0837
40° 5721 .4319| .3239 | .1784
43° L6818 .5616| 4336 .2881 .1097
*30° 8126 .6924| .3644 | .4189 | .2403
55° 9737 | .8335| .7255| 5800 .4016! .161
60° 1.181 [1.062 | .9328| .7873| .6088| .369
65° 1.462 |1.342 [1.214 [1.068 | .8900| .650
$70.9° | 1.965 [1.846 (1.716 | 1.371 {1.393 {1.152

*B-3 Dri ter Has D At These Angles
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AB COMPUTER

The automatic bombing computer is used with the
M-series bombsight. When you set up the computer
and lock the compass rose and wind gear to the
directional gyro, the compass rose, wind gear, and
wind disc are held in a fixed position in space. When
the vector triangle has been set up for one heading,
the computer automatically determines drift, ground-
speed, and the tangent of the dropping angle for any
heading that the airplane flies.

Zeroing

If the dots on the idler gear do not match the dots
on the wind gear and wind disc, remove the wind
gear by unscrewing the compass rose lock and re-
place it so that all dots match.

When you set wind on the windspeed scale and
set the drift pointer at 0°, be sure the lubber line is
opposite the point, or tail, of the wind arrow. If it is
not, adjust the lubber line until it is.

Wind by Bombsight and AB Computer

1. The airplane is flown manually or by autopilot
on any constant heading, at an altitude equal to
bombing altitude (BA), and at an airspeed at which
the bombing run is to be made.

2. Set proper trail, disc speed, and small sighting
angle into bombsight for BA, TAS, and type of
bomb.

3. Uncage gyro and swing bombsight as drift-
meter to determine drift.

4. Synchronize for rate to find the tangent of the
dropping angle.

5. Attach tangent scale to AB computer for BA,
TAS, and type of bomb.

6. Loosen all 4 locks.

7. Set and lock TAS on true airspeed scale.

8. Set and lock TH on compass rose under the
lubber line.

9. Turn wind arrow to approximate direction of
the wind. *

10. Set drift pointer at drift angle found from
bombsight.

11. Hold drift pointer there and rotate wind gear
to place groundspeed indicator at the tangent of the
dropping angle found from bombsight.

12. Lock windspeed lock and wind gear lock.

Complete this entire operation before turning off
the heading on which you determinéd the wind.

The true direction and speed of the wind are now
set on the AB computer. Find the true direction of
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the wind at the tail of the wind arrow. Find the
windspeed at indicator on the windspeed scale.

(If you are using MH, winds found are from a
magnetic direction.)

Correction for Precession

The directional gyro precesses about 10° for every
360° turn in the same direction. This gives an in-
correct TH on the compass rose of the AB computer.
Unless you make an adjustment, the AB computer
indicates incorrect drift and tangent of the dropping
angle for the TH of the airplane.

To correct for this precession, first loosen compass
rose lock. Then set the TH of the airplane on com-
pass rose under lubber line and lock again. Do this
shortly before using the computer.

When TAS Exceeds 210 MPH

When TAS is more than 210 mph you must use a
special tangent scale. It is marked DOUBLE TAS
and is graduated to give correct tangent readings
when using % settings of TAS, windspeed, and
groundspeed. Do not double tangent values given on
this scale. Set the true airspeed indicator at % the
TAS. Also set the windspeed indicator at %2 the
actual windspeed. Now, if you read groundspeed
from the computer, double the indicated values.
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The air position indicator gives you a continuous
indication of true heading, air miles flown, and the
latitude and longitude of your position. It maintains
a continuous mechanical air plot. You must apply
the wind vector to the air position obtained in this
manner to get your ground position.

The system consists of four units:

1. The amplifier, which distributes the necessary
power to the other component units.

2. The controller, which is essentially a switch to
actuate the pump.

3. The pump, which provides air pressure to the
controller unit and also rotates a flexible shaft con-
nected to the computer at a speed proportional to
the true airspeed.

4. The computer, which receives a signal from
the flux gate or magnesyn compass system and reg-
isters it as true heading, converts the rotation of the
pump into air mileage flown, and converts both the
direction and air mileage into the latitude and longi-
tude of the air position. The computer face contains
all the controls you will operate.
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Before Takeoff

1. Set the proper latitude indication on the shutter
(counter shield) by use of the right shutter lever.

2. Check the telltale dot latitude indicator; white
for north, red for south. If the dot does not show the
proper color, reset it by turning the latitude knob
through the equator until the proper color appears.

3. Turn the latitude knob until the latitude of the
field appears on the latitude counters.

4. Flip the left shutter lever so the proper longi-
tude name, East or West, appears on the longitude
counters.

5. Turn the longitude setting knob until the longi-
tude of the field appears on the longitude counters.

6. Set zero variation on the computer dial and set
local variation (not average) on the master indicator
of the flux gate compass. An alternate method is to
set zero variation on the flux gate and set local vari-
ation on the computer, but do not set variation in
both places. If using a magnesyn compass, set local
variation on the computer dial.

7. Turn on the power switches to both the com-
pass system and to the API,

After Takeoff

After the airplane has reached an IAS of 90 mph,
check the following:

1. See that the heading pointer hunts through
about =+3°,

2. Be sure that variation is not set on both the
computer and the master indicator.
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3. See that the computer dial heading pointer
agrees with the master indicator heading pointer.

Operation

At departure point begin to use the API Reset
the counters to conform to the coordinates of de-
parture, and record the reading of the air mileage
unit. You cannot reset the air mileage unit, so be
sure to have the initial reading in your log.

During flight the heading pointer indicates true
heading. Take a visual average, because the pointer
oscillates through approximately =+3°. Be sure to
change the variation when necessary. Obtain aver-
age true airspeed for any period by dividing the
elapsed air mileage by the elapsed time.

The counters indicate your air position all the
time. Plot this air position on your chart and apply
the wind effect for the time elapsed since the count-
ers were reset. This gives you your DR position.

When reading counters, be careful to note direc-
tion of increasing values as indicated by the arrows.
Always read minutes dials of both latitude and longi-
tude and air mileage counter first, then read the
tens and units digits. Do this because the minutes
dials are moving continuously and you must read
them as nearly simultaneously as possible. When
minutes dials read between 50’ and 10’, be careful
not to read the units dials incorrectly.

To find wind from a fix, plot the fix and the co-
ordinates of the air position for the same time. Be-
cause it is difficult to read the indicator and obtain
a fix at the same instant, it is good practice to obtain
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a fix first, then read the indicator. Move the fix up to
the time the indicator reading was recorded. The
vector from the air position to the fix is the wind
effect for the time elapsed since the counters were
reset. Reduce the length of the wind arrow to one
hour to determine the velocity.

Whenever you have determined a good fix, reset
the counters. Do not do this for too short a period
of time, however, because winds determined over
a short interval are not accurate. Once every hour
is a good average. When a fix is not available, reset
the counters to your dead reckoning position at least
once every two hours. This will keep the air position
reasonably close to your dead reckoning position.
Winds determined from an air position carried over
several hours represent the average wind, and not
necessarily the existing wind at the time of the fix.

Compensation

Compensation of this unit is much like that of the
flux gate compass. You must compensate the true
heading pointer accurately to obtain good results.

Magnesyn Compass System

When compensating an API that is connected to a
magnesyn compass system, you must first compen-
sate the compass system. The compass must be lo-
cated in its permanent position in the airplane.

1. Turn off the power.

2. Connect a C-1 Test Set to the pitot static tube
to obtain pump rotation similar to that obtained
under actual flight conditions. Set the pitot pressure
at 150 mph airspeed. If you do not have a C-1Test
Set, ground the cable from the amplifier to the con-
trol unit, at the control unit end. This ground should
be opened for two seconds and then closed for two
seconds, intermittently.

3. Remove the computer from the mounting panel.
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If you have to disconnect the flexible transmission
shaft, reinstall it before proceeding. Remove the
small cover plate which is directly over the com-
pensating cam at the rear of the computer.

4. Set the variation pointer at 0°.

5. Turn on the power.

6. Use a compass rose or a turntable to swing the
airplane so as to obtain accurate magnetic headings
every 15° through 360°.

7. Adjust the compensating cam of the computer

at each 30° test point (15° on earlier models). Ener-
gize the pump with the C-1 Test Set or by ground-
ing. Use a screw driver to turn the appropriate
adjustment screw of the compensating mechanism
until the reading of the computer agrees with the
airplane’s heading. An index marker on the hub of
the cam follows the computer pointer and indicates
the set screw corresponding to the particular reading
to be compensated. Rotate the spider covering so
that the index marker and its adjacent set screws are
accessible for adjustment.
Important: Correction adjustments must be distribu-
ted on adjacent compensating set screws to provide
a smooth correction curve and to avoid straining the
compensating cam. When the corrections are large,
swing the airplane through 360° twice, removing half
of the error on each swing.

8. Make a check swing and then turn off the
power. Reinstall the cover plate and remount the
computer after connecting all of the cables. It is
now ready to operate.

Gyro Flux Gate Compass

The master indicator on this system can be com-
pensated either before or after the API compensa-
tion. Make certain that the master indicator pointer
and the computer pointer agree, however.

1. Connect a gyro flux gate compass test trans-
mitter into the flux gate circuit.

2. Connect a C-1 Test Set to the pitot static tube
or ground the control unit cable intermittently to
energize the pump.

3. Set variation on both the computer and the
master indicator to 0°,

4. Operate the test transmitter so as to rotate the
master indicator pointer in 30° steps, and make the
computer pointer indicate the same reading by ad-
justing the compensating screws.

If a flux gate test transmitter is not available,
rotate the pointer by hand as explained under Gyro
Flux Gate Compass, NIF 2-9-3. Be sure to disconnect
the cable from the transmitter to the flux gate am-
plifier at the amplifier and turn the power on.
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INSTRUMENT CALIBRATION

BE SURE THAT ALL INSTRUMENTS ARE CALIBRATED AT ALL TIMES

Calibrate all instruments at least every thirty
days. When a new engine is installed, you must re-
calibrate and check your instruments.

All calibrations must be marked prominently;
show calibration, number of ship, name of super-
vising officer, and date accomplished. You must

calibrate the radio compass as carefully as all other
equipment. It is an important aid.

Study gas consumption curves.

Navigators are held directly responsible for the
entry in aircraft Form No. 1 of all defects in navi-
gation flight instruments.

B-3
DRIFTMETER
ALIGNMENT

B-3 DRIFTMETER (ALIGNMENT)

1. Establish the longitudinal axis of the airplane
by dropping plumb-bobs from center of the tail sec-
tion, and the nose. A line between these two points
represents the longitudinal axis of the airplane.

2, Drop a plumb-bob from center of driftmeter.

3. Through this last point draw a line parallel to
the first line. This line is then parallel with the longi-

tudinal axis of the airplane.

4. With the driftmeter in its normal position, turn
the trail angle through 85° and note whether the line
on the ground appears to follow down the center
grid line. If it does not, rotate the grid lines until the
line on the ground does parallel the center grid line.

5. Adjust the grid scale to read zero.
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Zeroing the Trail Angle

Do not try to zero the trail angle. The driftmeter
is designed so that the line of sight and the center
line do not coincide. The center of the grid lines de-
scribes an arc or circle on the ground when the
driftmeter is properly installed. The error is negli-
gible so do not try to change or adjust the installa-
tion to correct it.

When you are assigned to one particular airplane,
align the driftmeter; immediately after alignment
turn the trail angle to 85° and then rotate the drift-
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meter until center grid line is lined up with some
protruding part of the undercarriage, such as the
pitot-tube, or lower antenna. Note the angle you
then read on the azimuth scale. Place this read-
ing in some convenient location so you can check
the alignment of the driftmeter quickly before going
on a mission. Always check the driftmeter before
takeoff. Be sure that it is functioning properly.

Be sure that the B-3 driftmeter is caged during

-violent maneuvers. It is a gyro instrument and can-

not stand rough treatment. Parts and instrument
experts are hard to get.

B-5 DRIFTMETER

Many tactical airplanes have B-5 driftmeters as
standard equipment. It isn’t easy to read drift ac-
curately with this sight, however, and it will take
time and patience to gain confidence in its use. But
—proper operation is a must.

When placing the driftmeter in its bracket, de-
press the tension spring in the end of each channel
rail with your fingers. Slide the driftmeter on rails
provided in the aircraft structure. The detent
(guidepin) in the center of each rail drops into an
alignment hole when the meter is correctly posi-

tioned. Position it carefully.

)
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To Obtain Drift

1. Move the pencil to draw a track on the glass
plate, so that the pointer follows the movement of
an object on the ground across the field of view of
the instrument. Repeat with other objects. Two or
three tracks should be enough in fairly steady con-
ditions and at heights above 2,000 feet. At lower
altitudes and in bumpy weather you will have to
average several tracks.

Drift tracks must be distributed on both sides of
the center to avoid the slight error which arises if

EYE PIECE

PENCIL HOLDER

DRIFT SCALE

DRIFT CARD
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the tracks were mainly on one side of the center.
If the aircraft hull restricts the field on one side of
center, use tracks as close as possible to the center.

2. Push pencil holder over the clip beside the eye-
piece and bring the grid card into alignment with
the average direction of the recorded tracks.

3. Read off the drift angle on the scale.

4. At night, you see the pointer silhouetted
against the ground if you can distinguish any
ground contours. For use with ground lights which
may come within the field of view, the end of the
pointer is made luminous.

You can also read drift with the B-5 driftmeter
just as you would with a B-3 driftmeter with the
gyro caged. Adjust the grid lines until objects on
the ground pass through the line of vision, parallel
to the grid lines. Then read drift on the drift scale.

To Measure Groundspeed

1. While grid card remains in alignment with
the recorded drift tracks, use a stop watch to time
passage of an object between the two timing lines.

2. On the circular computer set time in seconds
on inner scale against the ascertained absolute alti-
tude on the outer scale. Read off on the outer scale
the groundspeed in knots or mph.

A Few Suggestions

When flying over broken clouds, record the
tracks of any objects as soon as they become visible,
until you have recorded a number of portions of
tracks. Remember that you take each track on a
different object, and therefore you must not place
the grid card lines so as to join any two of them.
The best methad is to align the grid with each por-
tion of track in turn and take the average of the
indicated drifts. Take a mental average.

When flying over territory that has no well-de-
fined objects or over a calm sea, you can obtain
track records by moving the pointer so that it re-
mains stationary in relation to the texture or color
variations of the ground or sea.

To remove the driftmeter, lift it by the inner
edges and pull it toward you.

If you need a new pencil, use a 3-inch length of
hard pencil (about 2H). Insert it in the holder and
lock it with the set screw.

Before taking drifts or groundspeeds, always
warn the pilot that you are about to begin so that
he will maintain a constant course and airspeed.
Then tell the pilot when you have finished.

Before using, check to see whether the instru-
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ment is calibrated for drift angle or drift correction.

British-manufactured instruments carry the for-
mer.calibration, and you must reverse the sign be-
fore using. Starboard is right, port is left.

Alignment

The following method is suggested for accurate
alignment of the B-5 driftmeter in all types of air-
craft under all field conditions.

1. Open the face of the driftmeter and make an
internal check as follows:

a. Lay a plotter or straight edge on the ground-
glass face, parallel to the black lines. If it doesn’t
parallel the reticle lines, the instrument itself is out
of alignment.

b. Lay a plotter so that it connects the panto-
graph joint and the pencil point. The tip of the
needle should just touch the plotter midway be-
tween the pencil and the joint. If the needle is out of
line, bend it slightly to correct its position.

2. With the driftmeter eye-piece raised so that
the reticle is exposed, use a pair of dividers to locate
the center point of the inner and outer grid lines.
A line drawn between these two points is perpen-
dicular to the longitudinal axis of the airplane when
the driftmeter is aligned.

3. Mark this perpendicular to the longitudinal
axis by placing a small piece of masking tape on
the reticle or scratching the paint from the grid lines
at the center point.

4. Sight through the driftmeter and have an as-
sistant move the tip of his finger on the ground until
it is in the center of the drift lines as marked by
the masking tape or scratches on the grid lines.

5. Through this point draw a line on the ground
perpendicular to the longitudinal axis of the airplane.

6. Rotate the reticle until the edge of the masking
tape is parallel to the perpendicular line on the
ground. Then adjust the driftmeter scale to read
0° drift. It is then aligned.

To construct a perpendicular line on the ground:

1. Drop a plumb-bob from the nose and tail of
the airplane to establish its longitudinal axis.

2. With the point located through the driftmeter
as center, and any fixed radius, describe two arcs
cutting the longitudinal line on the ground.

3. With these points as centers and any fixed
radius, draw two arcs intersecting on the opposite
side of the longitudinal line from the point located
through the driftmeter. A line joining these two
points will be at right angles to the longitudinal axis
of the aircraft.
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CALIBRATION OF AIRSPEED INDICATOR

In heavy bombardment aircraft it is necessary to
make a separate calibration of the airspeed indicator
for empty bomb bay flights, and loaded bomb bay
flights, because of difference in gross weights.

The simplest method of calibration is to time each
run made on upwind and downwind flights over the
exactly-known distance between two parallel roads.

Instruct the pilot to keep the same airspeed and
altitude on both upwind and downwind runs. Make
runs enough to cover your complete airspeed range.
The pilot must not crab into the wind. Make a run
both upwind, then downwind at the same IAS,

Check the pitot tube frequently to make sure that
it is not dented, bent, or clogged, since such defects
cause tremendous errors in calibration.

When the airplane is on the ground always cover
the pitot tube with a cloth protector to keep out
sand, dust, or dirt.

Procedure for Obtaining Data

1. Remove the pitot cover before leaving the
ground and check the tube for dents and clogged
openings.

2. Make sure the altimeter reads the correct pres-
sure altitude. Set 29.92 in the window.

3. Make a pair of runs over the course for each
throttle setting, one run in each direction. The pilot
must hold heading, altitude, and airspeed as nearly
constant as possible.

4. Record readings of the indicated airspeed, tem-
perature, and pressure altitude as well as the time
over the course. Use the driftmeter to determine
when the airplane is directly over the end of the
course. Check the time with a stop watch to the
nearest tenth of a second.

5. Make the first pair of runs at the maximum

speed of the airplane and then reduce speed by 15
or 20 mph for each subsequent pair.

Preparation of Data

1. The data you obtain from flight is recorded on
Form No. 21F: Pressure altitude for each run in
column 2, average indicated airspeed in column 3,
time upwind and downwind in columns 4 and 5,
and free-air temperature in column 9.

2. Determine the speed upwind (column 6) and
downwind (column 7) from the formula;

Speed in knots Distance in nautical miles
3600 .3 Time in seconds

Be sure the distance is in nautical miles before
using the formula. Use the E-6B computer as illus-
trated on the next page.

3. Divide the course distance, 3.7 nautical miles
by the time in seconds both with the wind and
against the wind. Place 92.2 beneath 3.7 on the com-
puter. Find the answer on the outer scale, above 10
on the inner scale.

4. Convert nautical miles per second to nautical
miles per hour by multiplying the above answer by
3600. Leave the computer with 92.2 under 3.7 and
read the speed over the course on the outer scale
directly above 36 on the inner scale.

5. Average your speed over the course with wind,
and against wind, to obtain an average speed.

6. Place the temperature of plus 20° C. above
pressure altitude of 610 feet. Directly below true air-
speed of 146.25 find calibrated airspeed, 143 knots.

7. Make a graph of calibrated airspeed (column
11) against indicated airspeed (column 3) (the aver-
age from both runs of the pair) and draw the best
representative straight line.
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8. From the data of the curve, complete calibra-
tion card. Draw lines representing even 10 knot in-
crements of indicated airspeed opposite proper cali-
brated airspeed which you read from the graph. Sub-
divide the intervals to make interpolation easier.
Place the card in the airplane near airspeed indi-
cator. Note: When the airspeed indicator is not func-
tioning properly, check the installation for:

1. Water in the connection tubes. Disconnect both’
the static and pitot lines of the instrument, open the
drain plugs and blow out the lines with air.
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Caution: Be sure that both lines are disconnected.
Then blow the lines from the inside.

2. Damaged pitot tubes. Check the alignment of
the pitot tube to see that it is in the line of flight. If
the pitot or static openings are damaged, replace
the pitot-static tube.

3. Leaks in connecting lines. Put a rubber tube
over the pitot opening of the pitot-static tube and
close the drain holes. Apply sufficient pressure to
give an indicator reading of 150 mph and pinch the
tube. The indicator should hold steady. If the indi-
cator returns to 0, check the connections for leaks.
If connections are tight, the leak is probably around
the cover glass of one of the instruments.
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Do not attempt to calibrate the airspeed meter
with a C-1 Test Set.

Trailing Static Tube

In some theaters of operations it is impossible to
lay out an accurate course for airspeed calibration.
This is especially true in wild and sparsely settled
regions covered with dense jungle growth. The trail-
ing static tube has proven useful under such circum-
stances and when, for any reason, calibration by the
method explained above is not advisable.

If, for purposes of study, you want to read a full
explanation of the use of the trailing static tube,
turn for reference to T.O. 05-20-8.

ALTIMETER

The altimeter, an air pressure instrument, tells you
how high you are. The pressure of surrounding air
activates the mechanics of the dial. Always remem-
ber, however, to correct indicated altitude for pres-
sures and temperatures which differ from the arbi-
trary standard by which the altimeter is calibrated.

Instrument Error

Instrument error is usually very small and is
rather difficult to determine. But you can check the
altimeter at a position where you know the baro-
metric pressure accurately. Set altimeter setting in
the window of the instrument, and read the elevation
of the field plus 10 feet. If the instrument does not
read within 30 feet of the correct altitude of the
field, check and tighten all connections. If the in-
strument still does -not read within this -allowable
tolerance you can adjust it as follows, provided the
error does not exceed 50 feet:

1. Set the counter to read 29.92.

2. Remove the soft wax in the screw hole at the
left of the adjusting knob.

3. Loosen counter reset screw at least four turns.

4. By turning the counter reset knob, set the
hands to read the altitude corresponding to the read-
ing taken from a standard mercury barometer.

5. Tighten the counter reset screw to engage the
counter, and fill the hole with soft wax.

If the altimeter does not react correctly, check the
static lines for accumulation of dirt and water. Dis-
connect the lines from the instrument and blow
them out with moderate air pressure.

Be sure that the lines are disconnected and that
you blow them from the inside out.

REV. No. 3

Another Method

You can also determine the altimeter setting
error by using the master altimeter in the C-1 Test
Set. Set the reference marks to 0 (or 29.92) on the
master altimeter, vibrate the instrument, and note
the pressure altitude. If there is a scale error, apply
it to this reading. Compare this reading with the
pressure altitude on the airplane’s altimeter.

If the two readings are not the same, set the
pointers of the airplane’s altimeter to the correct
reading. Loosen the adjusting screw to the left of the
knob and displace it to the left..Pull out on the knob
and adjust the pressure scale to read 29.92. Move
the screw back to the right and tighten.

Foreign Planes

In altimeters of some foreign planes, British for
example, the window may show pressure in milli-
bars instead of inches of mercury. Standard pres-
sure for those instruments is 1013.2 millibars, which
equals 29.92 inches of mercury. One inch of mer-
cury equals approximately 34 millibars.

Low Pressure Areas—Danger

It is important to remember that if your altimeter
is not properly set, low pressure areas mean you are
lower than the altimeter indicates. Low pressure
areas mean danger.

Always know your true altitude when flying in
mountainous country. True altitude is your actual
altitude above sea level.

Be sure to give yourself plenty of terrain clear-
ance at all times.
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REFLECTION

PULSE

LEADING OR
COUNTER-
CLOCKWISE
EDGE

\ REFERENCE

PULSE

CIRCLE

TRACE

SCR-718 HIGH-ALTITUDE ALTIMETER

SCR-718C

The 718 altimeter gives you the absolute altitude
of your airplane. It is primarily an aid to pilotage and
high-level precision bombing. It does not warn you
of obstructions to your flight, such as mountains.

The altimeter indicates altitudes from 0 to 40,000
feet. When it is properly adjusted, it deviates ap-
proximately 50 feet from exact height above ground
or water. The pulse is constantly in motion and the
50-foot error is partly a result of the fact that it is
difficult to read the indicator accurately. With prac-
tice, however, you can minimize this reading error.
Always read the dial carefully.

REV. No. 3

Operation
The controls and the indicator are on the same
panel.
To turn ON:

1. Rotate the REC GAIN control clockwise one-
half turn. The red pilot lamp should light. If it is
inoperative, check the ACTIVE FUSE on the panel
of the transmitter-receiver unit, BC-788.

2. Allow the equipment to warm up for five min-
utes. A green trace then appears on the indicator.

3. If the green trace is not visible, adjust the
CIRCLE SIZE control until the trace appears.

4. Rotate control until the circle is just barely
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visible as a luminous ring at the outer edge of the
black calibrated scale. Be sure the SCALE switch
is at X1 (times one).

5. Adjust REC GAIN until a pulse 1 inch high
appears on the circle trace near 0 on the dial. This is
called the reflection pulse.

Adjustments

At takeoff:

Just before the wheels leave the ground, or when
the airplane has leveled off, rotate the X1 ZERO
ADJ control until the counter-clockwise edge of the
reflection pulse is exactly at 0.

In flight:

As you gain altitude, the reflection pulse rotates
clockwise around the circle and decreases in height.
The position of the counter-clockwise edge of the
pulse indicates your altitude. To get accurate read-
ings, maintain the height of the pulse at ¥ inch by
adjusting REC GAIN. After you rotate this control
halfway through its path, a second pulse appears
near the 0 mark. This second pulse is called the
reference pulse because its counter-clockwise edge
is used as a reference line. Do not re-set reference
pulse to 0 in the air if you require extreme accuracy
at low altitudes.

For other than low-altitude measurements, you
can adjust the reference pulse to 0 with the X1
ZERO ADJ control. You can do this at any time
during flight, without affecting the accuracy of the

3
X1
X110 POSITION
REV. No. 3
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equipment materially. Then read altitude directly
from the reflection pulse. The error resulting from
this adjustment is approximately 20 to 30 feet.

Reading Altitude

The scale on the indicator is calibrated every 50
feet, from 0 to 5000 feet. Read the altitude at the
leading or counter-clockwise edge of the pulse,
where it intersects the green circle.

On the indicator shown, the reference pulse is at
0 and the reflection pulse is at 3000. The altitude is
3000 feet (read from the counter-clockwise edge of
the reflection pulse). Remember, the SCALE switch
is still at X1.

Above 5000 Feet

When you reach an altitude of 5000 feet, the re-
flection pulse has made one complete clockwise
rotation and is directly behind the reference pulse.
This occurs for every multiple of 5000 feet.

Do not rotate the X1 ZERO ADJ control when the
two pulses overlap. It causes inaccuracies.

To read altitudes above 5000 feet:

1. Place SCALE switch at X10. The green trace
becomes smaller. With the SCALE switch at X10
the scale of the dial is increased 10 times. Each dot
and arrowhead is equal to 5000 feet instead of 500
feet.

2. Read the reflected pulse position on the trace
to the next lower 5000-foot mark. .

Xl POSITION
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3. Place SCALE switch at X1.

4. Read altitude as described under the topic
heading, Reading Altitude.

5. Combine the readings obtained in steps 2 and 4.

With SCALE switch at X10, the altimeter reads
20,000 feet (the next lower 5000-foot mark).

With SCALE switch at X1, the altimeter reads
2750 feet.

20,000 feet +- 2750 feet = 22,750 feet

When SCALE switch is at X10 the green trace
should be approximately % inch inside the black
calibrated scale. This prevents you from using the
X10 scale for accurate readings at low altitudes.

SCR-718B

The SCR-718B altimeter operates exactly like the
718C, but it has been produced in limited quantities
only. The only real difference between the two al-
timeters is that the I-152B indicator does not have a
pilot light.

SCR-718A and SCR-718AM

These two sets operate like the 718C and 718B,
with but one exception. They have no X10 SCALE
switch.

Because there is no X10 SCALE switch on the A
and AM models you can read altitude to the closest
5000 feet only. After one revolution of the reflection
pulse you must add 5000 feet to each reading. For
each additional revolution, you must add another
5000 feet. There is no indication of the number of
revolutions the reflection pulse has made. To avoid
confusion, use the pressure altimeter for a general
reading, and a topographic map to determine terrain
clearances. Do not attempt a reading while flying
over mountainous terrain.

For example:

Pressure altimeter reads .......... 23,000 feet
Map shows altitude of terrain ...... 3,500 feet
Radio altimeter reads .............. 3,000 feet

23,000 — 3500 = 19,500. The pulse has rotated three
times, adding 15,000 feet to the direct reading. Abso-
lute altitude is then 15,000 + 3000, or 18,000 feet.

Cautions

Check irregularities by watching the shape of the
luminous circle. Inaccuracies result if the circle is
off center or not truly circular.

The equipment doesn’t work well at altitudes
above 40,000 feet; if used above 45,000 feet it may
break down altogether.

On the ground, ask the crew chief to tell you
where the pilot light fuse in the primary circuit is
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located. Be sure all connecting cords and plugs are
firmly tightened. Then, in the air, if the pilot light
doesn’t operate, check the fuse.

If the reference pulse and the reflection pulse are
not the same size:

1. Turn REC GAIN control until the reference
pulse is ¥ inch high, without regard to the size of
the reflection pulse.

2. Adjust the reference pulse to 0.

3. Adjust REC GAIN control until the reflection
pulse is ¥ inch high.

4, Take your readings.

Indicators and transmitters are interchangeable,
but never use the X10 scale when you use indicators
1-152B or I-152C with transmitter-receiver units
BC-788A or BC-788AM. If you have such a com-
bination, be sure to safety-wire the SCALE switch
at X1.

This equipment is accurate to within 500 feet of
the ground at all times. You can rely upon it below
500 feet if your antenna system is in good condition,
but don’t use it as a landing aid.

Use

The 718 altimeter is a valuable navigation instru-
ment. Use it with the pressure altimeter as an aid
in finding approximate sea-level pressure; in finding
approximate drift, even while flying blind; and in
pilotage. .

Sea-Level Pressure

To obtain approximate sea-level pressure over the
ocean:

1. Ask the pilot to fly straight and level.

2. Read free-air temperature and correct it for
dynamic heating, as described in NIF 2-1-1.

3. Read the 718 altimeter.

4. Set the radio altitude against the air tempera-
ture on your E-6B computer, on the scales marked
for altitude computation.

5. Find the altitude on the minutes scale opposite
the radio altitude on the miles scale.

6. Set the pressure altimeter so that it indicates
the altitude just found on the minutes scale.

7. Read the altimeter setting on the inset dial of
the pressure altimeter. This is the approximate sea-
level pressure in inches of mercury.

8. When the airplane bounces up and down dur-
ing this operation, repeat steps 3 through 7 several
times. In smooth weather repeat this operation at
least twice. Your first readings enable you to set
your computer and pressure altimeter approximate-
ly. You then can make your second readings and
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FORM FOR COMPUTING NORMAL WIND COMPONENT FROM RADIO ALTIMETER RUN

Long. e

RADIO ALTITUDE

PRESSURE ALTIMETER ZeZp
READING (UNCORRECTED) (SUBTRACT ALGEBRAICALLY)

TIME IN MINUTES

Plot points on graph, writing

in an appropriate scale of

values for D. Draw a straight

line best fitting the points.

Take values of AT and AD

off straight line. AD is the

change of D (in feet) during a

time interval of AT (in min-

utes).

10 15 20 25

30 35 40

minutes; True airspeed v=_______ knots.

naut. miles; AD= _feet.

__ _(see table); H=

K-AD =

knots (crosswind component).

IN NORTHERN HEMISPHERE:
Drift is to LEFT if D increases algebraically.
Drift is to RIGHT if D decreases algebraically.

IN SOUTHERN HEMISPHERE:
Drift is to RIGHT if D increases algebraically.
Drift is to LEFT if D decreases algebraically.
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calculations more rapidly because there are only
minor adjustments. This gives you the best possible
sea-level pressure.

Use of Sea-level Pressure

1. Watch the change in altimeter setting. It in-
dicates weather conditions along your flight path.

2. Transmit this information or carry it to a
weather officer at a coastal base. He can make valu-
able use of it for weather forecasts.

Drift

To obtain drift you must keep the pressure alti-
tude constant to within + 200 feet.

Use the following method of obtaining drift over
oceans or large lakes when overcasts above and be-
low the airplane prevent you from finding drift.
You must be at least  10° north or south of the
equator.

1. Ask the pilot to keep heading, altitude, and air-
speed constant. It is hard to read altitudes at exact
multiples of 5000 feet because the two pulses are
superimposed. Because of this, fly at altitudes other
than 5000, 10,000, 15,000 feet, etc.

2. Set the pressure altimeter at 29.92.

3. After five minutes of even flight, take an aver-
age reading of both altimeters at the same time.
This requires some care. Record these readings and
the time on the first line of the table in the form.
Be sure the pilot is holding the pressure altitude
constant to within =+ 200 feet. If he is not, correct
him before you take your readings.

4. Subtract the pressure altitude algebraically
from the radio altitude, to obtain the first value of D.
Record this in the last column.

5. Repeat steps 3 and 4 every 15 minutes. When
you become experienced in this operation, make
readings every 30 minutes only.

6. Continue these readings as long as the flight
altitude is unchanged. If you change to a new flight
altitude, start a new series of readings.

7. To compute the drift, first examine the values
of D made at one flight altitude. Throw out any
values that do not appear to follow the general
trend, which should be fairly consistently increasing,
decreasing, or constant.

8. Take two readings of D which were made at
least 30 minutes apart. Record the time interval
(AT) and the algebraic change of D (AD) between
these readings. (Watch the sign: the change of D
from —60 to +50 is +110, not 10.)

9. Fill out the bottom four lines of the form;
ignore the graph. The symbol x stands for the no-
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wind distance traveled during the time-interval AT.
K is a constant which depends on the latitude and is
tabulated on the form. K and H have no significance
outside the computation .itself.

10. Cn is the wind-component perpendicular to
your heading, averaged over the time-interval
selected. Combine it with estimated groundspeed on-
your computer to get approximate drift. (If the
groundspeed is unknown, use true airspeed.) Deter-
mine drift by the rule at the bottom of the form.

11. Find true wind direction and velocity by re-
peating this procedure on two different headings.
Be sure that your change of heading is at least 60°.

12. Because of the time required, use this blind
double drift only near a point where your flight plan
calls for a large change in heading. (See T. O. AN
08-40 SCR-718-2.)

13. At low latitudes take longer time intervals
(60 to 90 minutes) for the computations; at high
latitudes, 15 minutes is sufficient, especially in high
winds. Examine the trend of D or your data sheet
to see how reliable the computed wind is going to be.

14. If the values of D do not follow a trend you
are probably not reading the altimeter carefully
enough. You can still use the data, though, as follows:

Write a suitable scale for D on the graph, and
plot each value of D against time.

Draw a straight line which comes closest to fitting
the points you have plotted.

Select a convenient point near each end of this
straight line, and record the time interval (AT) and
the change of D (AD) between the points selected.

Use AT and A D as in steps 9 and 10 above.

15. If you have a set of tables for computing cross-
wind and drift, you can enter these tables with x
and AD, and determine Cn without computation.
You also can enter the tables with Cn and the esti-
mated groundspeed, to get the drift angle.

Caution: Never turn ZERO ADJ control while
taking drift with the SCR-718.

Pilotage

Over water you receive a steady pulse. Over
mountainous terrain the pulse fluctuates and in-
creases in size. It may spread as much as 2000 feet.
(Remember, always read altitude at the counter-
clockwise edge of the pulse.)

By carefully studying your map in close relation
to reading the altimeter you can learn to determine
the type of terrain below you even when you are
flying above an overcast. Practice this on clear days
when you can fix your position by visual reference
to the ground.
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COMPASS AND COMPASS SWING

APERIODIC COMPASS

Engine changes and/or installation of driftmeters
affect the deviation of your compass, as do various
loads and various armament. Installation of radar
equipment creates deviations as high as 20°. Elec-
trically-heated flying suits also may affect your
compass. Move the magnetic compass as far from
such equipment as is practicable, and then check it
with electrical equipment both on and off.

Compensation by Coefficients

Coefficient A is commonly known as lubber-line
error. It is the algebraic sum of deviations on north,
south, east, and west headings, divided by 4. Failure
to correct it causes no harm, but correction mini-
mizes the deviations tabulated on the compass card
and the amount of compensation for coefficients
B and C.

Correction:

1. If A is positive, rotate the compass clockwise.

2. If A is negative, rotate it counter-clockwise.

Example:

North —3° deviation
East +4° deviation
South +3° deviation
West —2° deviation

Sum= +2°
+2° + 4= +1%° (Coefficient A
to the nearest %°.)

Rotate the compass clockwise 12°.

Coefficient B determines the correction necessary
to compensate for the fore-and-aft horizontal com-
ponent of the airplane’s hard iron. It is equal to
deviation on the west heading subtracted algebrai-
cally from deviation on the east heading, divided
by 2.

Correction:

1. Add the value of B algebraically to the com-
pass reading when the airplane is headed east.

2. Adjust the east-west compensating screw, or
insert magnets in the longitudinal chamber of the
compensating drawer, until the compass indicates
the corrected reading.

Example:

East +4° deviation
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West —2° deviation

Difference = +6°
+6° -+ 2= +3° (Coefficient B)

Head the airplane east. The compass reading is
86°. 86° + 3° =89°. Adjust the compass until it
indicates 89°.

Coefficient C is similar to B, but it determines the
correction to compensate for the lateral horizontal
component of the airplane’s hard iron,

It is equal to deviation on the south heading sub-
tracted algebraically from deviation on the north
heading, divided by 2.

Correction: -

1. Add the value of C algebraically to the compass
reading when the airplane is headed north.

2. Adjust the north-south compensating screw,
or insert magnets in the lateral chamber of the
compensating drawer, until the compass indicates
the corrected reading.

Example:

North —3° deviation
South T13° deviation

Difference = —6°
—6° - 2= —3° (Coefficient C)

Head the airplane north. The compass reading is
003°. 003° —3° = 360°. Adjust the compass until it
indicates 360°.

Do not make any corrections for coefficients D and
E. When the compass is installed in a satisfactory
position, coefficients D and E are negligible.

Compass Swing

After compensation, swing the compass by any
one of the following methods:

B-16 Swinging Compass

1. See T.O. 05-15-3 for checking the accuracy of
the swinging compass.

2. Hold the swinging compass in cupped hands or
on a suitable non-magnetic support at a comfortable
reading distance from your eye. Don’t tilt the com-
pass. If you are holding it, brace your elbows against
your body.
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3. Stand at least 50 feet from the airplane and
align yourself with its longitudinal or transverse
axis. Don’t align yourself with the vertical fin be-
cause it is not necessarily on the longitudinal axis
of the airplane.

4. Align the compass visually with the longitudi-
nal axis of the airplane and take a reading. This is
the magnetic heading of the airplane or its recipro-
cal, depending upon your position.

Directional Gyro Swing

Select a day when the wind is less than 10 mph,
in order to avoid errors in reading heading.

1. Set a magnetic bearing on your directional
gyro 90° from that of the road, railway, or runway.

2. Have the pilot fly across the road, the bom-
bardier correcting him until the airplane’s trans-
verse axis is parallel to the road.

3. Uncage the gyro. (Gyro now reads magnetic
heading of the airplane.) Note your compass
heading.

4. Turn to the left and fly either 8 headings, 45°
apart, or 12 headings, 30° apart, completing a circle.
Read the directional gyro and compare it with your
magnetic compass (using an average of three or
more readings) on each heading. The difference in
readings between the directional gyro and the mag-
netic compass is deviation.

5. Check precession of the directional gyro by fly-
ing the original compass heading.
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6. If it has precessed, distribute the precession
error over the headings flown.

After completing the swing, determine the de-
viation on each heading by comparing the magnetic
heading of the airplane with the compass heading.
Plot the deviations against magnetic heading on a
graph and draw a smooth curve through the points.
Record the deviations for every 15° of magnetic
heading on a compass correction card and post near
your desk in the airplane.

Astrocompass

Use the astrocompass to aid your directional gyro
swing. Head to magnetic north by astrocompass and
set the directional gyro at 0°. Then follow the pro-
cedure outlined under Directional Gyro Swing,
checking precession with your astrocompass.

Independent Directional Gyro Swing

See T.O. 05-15-16 for a description of swinging the
compass in the air without reference to the ground
or heavenly bodies.

Continue to check deviations on course.

Pilot's B-16 Compass

Be sure that you swing the pilot’s compass regu-
larly. You may have to depend upon it in an emer-
gency. It is essentially the same kind of instrument
as your aperiodic desk compass and you use the
same procedure to swing it and compensate it.

GYRO FLUX GATE COMPASS

The gyro flux gate compass system is a remote
indicating compass that is stabilized by an electri-
cally driven gyroscope. The magnetic element, or
flux gate, is placed in the airplane where it is least
affected by the magnetic field of the airplane itself
and therefore has small deviations. By stabilizing
the magnetic element in a horizontal plane, all turn-
ing errors set up by the vertical component of the
earth’s magnetic field are eliminated.

The master indicator has a large compass face
graduated in degrees. An indicator gives the cor-
rected reading, and a small cut-out gives the uncor-
rected reading or compass heading. By using the
variation knob, offset the outer dial so that it reads
true heading instead of magnetic heading.

Operation
1. The airplane’s electrical system supplies the
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necessary power for the compass system through an
inverter. On the older models, wire the amplifier
switch in the ON position.

2. Leave the gyroscope in the uncaged position all
the time, except when going through the cage-
uncage cycle. Do not touch the remote caging device
until after the gyroscope has been running for at
least five minutes.

3. Erect the gyroscope after it is running at high
speed by running through the cage-uncage cycle.
On the older models turn the caging switch to
CAGE for 45 seconds, then return it to UNCAGE.
On the newer models, hold down the caging button
until a red signal lights, then release and the cycle
is automatically completed.

4. Set the gain control on the amplifier at the
highest position in which it does not produce oscilla-
tion of the indicators.
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5. Offset the outer dial by means of the variation
knob and read true heading on the master indicator
and secondary indicators or repeaters.

Compensation

Compensation of the flux gate compass means
aligning the transmitter and correcting the master
indicator. Corrections applied to the master indi-
cator do not affect the transmitter. The transmitter
is the heart of the system.

When you are assigned a new airplane or are un-
familiar with the care given your flux gate compass,
use the following procedure:

1. Zero the master indicator. In other words,
merely make the uncorrected reading and the
pointer reading agree by taking all pressure off the
compensating cam. Consult your instrument man.
Remember, the master indicator is part of a precision
instrument and should be treated as such.

2. Remove the lubber-line error.

Find coefficient A and remove this error by align-
ing the transmitter correctly. If coefficient A is posi-
tive, rotate the transmitter in a clockwise direction.
If coeflicient A is negative, rotate the transmitter
counter-clockwise.

You must check the exact number of degrees and
direction of rotation by watching the master indi-
cator. The instrument man turns the transmitter and
locks it in position after aligning it.

3. Complete the compensation.

Where it is possible to set the airplane accurately
on 15° headings, and when you have followed steps
1 and 2, it isn’t necessary to plot a curve. Find the
magnetic heading of the airplane and make the
pointer agree with this heading. The uncorrected
reading won’t change. This uncorrected reading is
the compass heading of the airplane. Therefore the
corrections made are always evident and can be
checked easily during flight or in later check swings,

If you use the curve method, remove the lubber-
line error, then swing the airplane on at least 12
equidistant headings. Record the magnetic headings
and the uncorrected headings. Plot a curve from
these readings and, from the curve, make the neces-
sary corrections to the indicator.

There are three well-known methods of moving
the pointer and the UNCORRECTED dial while you
are compensating the compass:

1. Swing the airplane with the electrical system
turned on.

2. Turn the shaft of the induction motor by hand.

3. Use the test transmitter either with engines
running or with auxiliary power.

REV. No. 3
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The first method is cumbersome in that it requires
two swings of the airplane to complete the compen-
sation. The second method is not advisable because
it is sometimes necessary to remove the indicator
cover.

Here is the simplest method:

1. Remove the cable connecting the master indi-
cator to the amplifier. The plug of the test trans-
mitter connects with the amplifier and the cable
from the master indicator connects with the recepta-
cle of the test transmitter.

2. Turn the electrical system on, using either en-
gine power or auxiliary power to maintain battery
strength.

3. Turn the knob of the test transmitter to rotate
the master indicator pointer and the uncorrected
reading card. Place the desired uncorrected reading
in the window of the stationary dial and introduce
the necessary corrections to the pointer with the
cam adjustment wrench. Complete this procedure
through 360°.

With the master indicator zeroed and the lubber-
line error removed, average corrections do not ex-
ceed 2° and further adjustment is unnecessary. It is
a good idea, however, to check the corrections taken
from the curve against the differences between the
pointer readings and the uncorrected readings. You
have in effect transferred the plotted curve to the
indicator. Check deviation any time by comparing
the pointer readings with uncorrected readings.

UNCORRECTED DiAL-

CAM ADJUSTMENT
WRENCH

OUTER DIAL

CORRECTION DIAL

MASTER INDICATOR, GYRO-STABILIZED FLUX GATE COMPASS
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Cautions:
1. Always set the variation at 0° before swinging.
2. Consult T.O.’s and instrument men on how to

REVISED JULY, 1945 NIF 2-9-4

Assembly

1. Mount the autosyn motor (AY-5), with screws

compensate and operate the flux gate compass. * through its flange, in any suitable case, so that the

3. Keep a record of your compass, the corrections,
date of compensation, etc.

4. Always have the pilot take down the readings
of his magnetic compass and his flux gate repeater
when you swing and compensate the flux gate.

5. If a part, such as a transmitter, is exchanged for
a new one, you must repeat the compensation.

6. Check your compass whenever possible.

7. If the system is not getting power, check:

The fuse in the amplifier.
The fuse in the copilot’s fuse box.

Test Transmitter

The preferred way to compensate the flux gate
compass is to use the Pioneer 13256-1 test trans-
mitter. The test transmitter allows the master indi-
cator to operate independent of the rest of the
compass system.

Since test transmitters are scarce, a substitute has
been devised. It is suggested that service groups
manufacture locally one such unit per squadron.

The main units required are:

1. Autosyn motor, AY-5, salvaged from dual indi-
cator, Pioneer 6007-TA.

2. Plug Spec. AN3106-20-1s.

3. Receptacle Spec. AN3102-20-IP.

4. 100,000-ohm carbon resistor, about 14, watt.

shaft of the motor extends outside the case.

2. Fix the receptacle (AN3102-20-IP) to the case
at a convenient position on the side opposite that
from which the shaft extends.

3. Attach eight wires, of any size between 18 and
22 A.W.G., and approximately two feet long, to the
plug (AN3106-20-1s) as shown below.

4. Lead these wires or cables to a hole made in the
side of the case, and pass them through a rubber
grommet to the inside of the case, where they are
connected to their positions on the receptacle.

5. Connect the wires from the autosyn motor to
their positions on the receptacle.

6. Mount a suitable turning knob on the protrud-
ing motor shaft to complete the assembly.

To use the test transmitter to correct the master
indicator, remove, at the amplifier, the cable which
connects the master indicator to the amplifier, and
insert the transmitter between them. For compensa-
tion instructions see NIF 2-9-3, or T.O. 05-15-16.

" CONNECT TO
AMPLIFIER ONLY

LUG AN3106-20-1S

RECEPTACLE AN3102-20-1P

TEST TRANSMITTER

FROM DUAL AUTOSYN INDICATOR,
PIONEER TYPE 6007-7-A

”~

T

4

o =

L\[—‘ FEX

* RED YELLOW Al B¢ Ce AUTOSYN MOTOR—TYPE AY-5, SALYAGED
f )

100,000 CARBON TYPE )

Yo WATT OR LARGER

1 / |

&

l Il:f’_ao? 90_01.

\ (] Q o /

SR

X

| N e A

\\ {P 1/F
M O :
WIRING DIAGRA 2 s

R
RECEPTACLE AN3102-20-1P
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R

PLUG AN3106-20-1S
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KNOW WHAT IT MEANS AND WHAT IT WILL DO FOR YOU

The object of the directional gyro indicator is
to help you maintain flight direction. The relative
movement of the airplane in azimuth is shown on
a circular card graduated in degrees, and the gyro
indicator neither lags, swings, nor oscillates. It is
an accurate indicator of direction and turn.

Handle it with care

You must handle it with care, for it cannot be
repaired easily. Do not cage the gyro on takeofls
and landings, but be sure to cage it whenever the
airplane is engaged in maneuvers that exceed its
operating limit of 65° from the vertical. When
caging or uncaging the gyro, operate the caging
knob with a firm but gentle motion, in or out.

Precession

The gyro will not hold its position absolutely, but
will drift or precess slightly. The average drift
should not be more than 2%° in 15 minutes. A drift
of 4°is permissible on one heading provided the
average on the four cardinal headings does not
exceed 2%%°.

For accurate navigation work, determine the drift
for each of the directional gyros installed in your
airplane. You can do this on any flight by merely
having the pilot fly a steady course by the directional
gyro and noting the change in the magnetic heading.
The flight should be long enough to obtain a good
average, and the result expressed as the number
of degrees of drift, or precession, per minute.

Operation

After the airplane is on a steady heading, turn
the knob on the indicator until the desired head-
ing is shown. Then pull the knob straight out, tak-
ing care not to turn the card away from the desired

reading. The gyro will then continue to indicate
the heading (within the allowance for drift), no
matter how rough the air is.

The gyro indicator is especially useful in evasive
action. For best results set the indicator to true
heading and keep an air plot. Then no matter how
much the airplane turns, you will read true head-
ing from the indicator.

You can also use the gyro to check deviation
on a new heading. Merely determine the magnetic
heading of the airplane before turning and set it
on the gyro indicator. Then after the turn is made
the directional gyro indicates the new magnetic
heading. Compare this with the new compass head-
ing. The difference will be deviation.

Remote Control Unit, Auto-Pilot

Airplanes equipped with an auto-pilot may have
a remote control feature so that either you or
the bombardier can control the direction of flight
directly. This assembly consists of a control unit
and flexible coupling. The control unit is conveni-
ently located and the control cable is connected to
the rudder control of the automatic pilot. To alter
course, turn the control knob in the proper direction
until you reach the desired heading. Since this con-
trol operates through the automatic pilot you must
apply the correction slowly and it must be slight.
The pilot must disengage the auto-pilot and place
the airplane on the new heading manually if the
correction is large.

Let ct do your
work for you!
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CALIBRATION OF TURRET OR ASTRODOME

Use a surveyor’s transit or your B-3 drift-
meter to find the relative bearing of an object
at least two miles away. Place the airplane in a
position as close to flight attitude as possible

USE A SURVEYOR’S TRANSIT TO ESTABLISH
THE RELATIVE BEARING

a. Drop plumb-bobs from each wing tip of
your airplane.

b. Center and level a transit under the plumb-
bob on the left wing tip.

c. Sight plumb-bob on right wing tip, and
set the lower scale of the transit on 90°. (Use
2707 if transit is under right wing tip.)

d. Sight an object at least two miles away,
and read the relative bearing of the object
from the upper scale of the transit.

Turret or Astrodome

Pelorus or Astrocompass

USE A B-3 DRIFTMETER TO ESTABLISH THE
RELATIVE BEARING

a. Cage the gyro on the B-3 driftmeter.

b. Use full trail angle, and sight an object
at least two miles away.

c. Read the relative bearing of the object
from the azimuth scale.

CALIBRATE THE TURRET WITH AN ASTROCOMPASS

a. Make sure the astrocompass is aligned.

b. Set the latitude scale at 90°.

c. Set the relative bearing you obtained
from the transit or B-3 driftmeter reading at the
true bearing index and level the instrument.

d. Sight the object in the sighting notch.

e. Read the turret calibration for that posi-
tion at the true course lubber line.

f. Repeat this procedure for each position
of the turret or astrodome.

g. Stencil the calibration numbers beneath
the instrument position.

ERROR ANGLES

There is an ernor of less than 0° 11’ in the
relative bearing of an object two miles away,
with a perpendicular distance of 33 feet 9 inches
between lines of sight (14 wing spread of a
B-25).

Obiject At Least e
2 Miles Disfunf.
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C-1 TEST SET

ADDED OCTOBER, 1944 NIF 2-12-1

\__A.C.MOTOR

D. C. MOTOR

VACUUM , PRESS AIR GYROD
SPEED TEST /
TEST
TACH.
DRIVE

6
SLOwW I FAST SLOwW |I FAST

OFF

D.C. A.C.
\MOTOR MOTOR

PUMP
DRIVE

D.C.
% VOLTS

VOLTS

The C-1 Test Set is a portable unit. Use it to
make scale error tests and other tests on airplane
instruments to determine serviceability and insure
correct and accurate operation of the instruments in
the air. It will not check installation errors.

The set is equipped to make many checks. For
your work use it to check the airspeed meter and
altimeter cases for leaks, to check the pitot-static
lines for leaks, and to check the altimeter for any
zero-setting error.

Operation

Operate the set with either direct or alternating
current. Use alternating current when available.
Otherwise use a portable electric power plant to
supply the current.

Before applying the current, check the set:

1. Set switch No. 4 to the “OFF” position.

2. Set control knob No. 7 to the appropriate posi-
tion, that is, either “DC” volts or “AC” volts, then
No. 4 can only be turned to that source of current
indicated by control knob No. 7.

3. Set control valve No. 8 to the closed position.
This may require several turns. This is a needle
valve. Do not turn it too tight.

4. Set the motor speed control to “FAST” position.
Use the one that corresponds with the kind of cur-
rent being used; that is, either No. 5 or 6.

5. Set control No. 3 to “PUMP DRIVE.”

To check the airspeed meter diaphragm and: pitot
lines for leaks, connect the small hose to the ¥-inch

outlet on the rear side of the test set. Connect the
hose to the fixture which fits over the pitot tube.

1. Set control knob No. 1 on “PRESSURE.”

2. Set control knob No. 2 on “AIRSPEED TEST.”

3. Apply current to the motor set with control
No. 4.

4. Open control knob No. 2 slowly and check
readings of airspeed meter with the master gage.

5. Turn control knob No. 8 closed. If there are no
leaks in the pitot line or airspeed meter, the master
gage should not fall off more than 10 mph per 10
seconds. Watch the gage closely.

To check the airspeed meter case and static lines
for leaks, connect the small hose to the Y4-inch
outlet on the rear side of the set. Use the fixture
on the static tube and connect the hose to it.

1. Set control knob No. 1 on “VACUUM.”

2. Set control knob No. 2 on “AIRSPEED TEST.”

3. Apply current with control No. 4.

4. Open control knob No. 8 slowly and check
readings of the airspeed meter with the master gage
(the altimeter will also function).

5. Turn control knob No. 8 closed. If there are
no leaks in the static lines of attached instruments,
the master airspeed meter should not fall off more
than 10 mph per 10 seconds and the airplane’s al-
timeter should not drop more than 150 feet per
10 seconds. '

The procedure for using the master altimeter in-
cluded in the Test Set to determine the zero-setting
error is explained in NIF 2-8 under Altimeter.
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By calibrating certain turrets you can have the
gunners help you find the relative bearing of ter-
restrial objects and celestial bodies. You need all
the help you can get, so plan ahead, and have the
turrets calibrated.

Once the turret is calibrated, call the gunner and
ask him for a bearing on a certain object or body.
When the gunner has his sights centered on the
object, have him click the interphone switch as a
signal for you to hack the time. The gunner then
gives you the relative bearing as read on the tur-
ret calibration. Repeat this procedure as often as
you think necessary for an average.

The procedure for establishing longitudinal axis
of the aircraft and calibration of given stations fol-
lows the principles used in calibration of turret or
astro-hatch. You must establish the entire 360° of
the azimuth circle, however, for this calibration.

First, establish stations at each 45° of azimuth.
Then divide these arcs mathematically or geometri-
cally. All the present models of turrets have azimuth
rings of approximately 40 inches diameter. One de-
gree then subtends approximately .35 inches.

On a plane having a single vertical stabilizer and
rudder (B-17, B-26, B-29), the 180° station may be
established by sighting the center of the tail. Most
ships have some object forward of the gun turret

on the longitudinal axis of the ship that will estab-
lish the 0° station of the turret. Be sure the plane
is in flight attitude. The position of the turret in
the aircraft is such that the turret is level when the
aircraft is in normal straight and level flight.

Computing Sights

All Sperry Turrets and the very latest models of
Martin Turret have computing sights. These sights
automatically make corrections, allowances, and
predictions for bullet trail, windage, and the relative
speed of the target, and introduce excessive errors if
you use them to take relative bearings. Make a sight
from stiff wire or a small piece of metal and attach
it in a convenient place on or near the computing
sight to be used only for taking relative bearings.
Make a sight check for the improvised sight by es-
tablishing a marked point on the plane structure
and noting its relative bearing. Check the accuracy
of this sight before every mission.

Calibration Markings

The actual marking of the calibration scale is
a matter of the materials at hand and the particular
turret model involved. The numbers and markings
may be painted, stenciled, scratched, or put on
pieces of paper and glued into place.

MARTIN UPPER TURRET

Models 250C-2, 2A, 3, 3A, 4, 5, 7, (B-24,
B-26). Sights N-3A, N-6. (Latest models

may have computing sights) Az. 360° Elev.
—612° to 85° T.O. 11-45B-1.

The Martin Upper Local Turret is suspended 1n
a stationary outer ring in the top of the airplane
fuselage. This ring supports the entire weight of
the turret, gunner, ammunition, etc., by a system

of rollers attached to the turntable, which roll in a
race in the outer ring

The outer ring is so constructed as to have a
lower gear rack extending around the entire circum-
ference of the lower edge. The turret is turned in
azimuth by a spur gear on the azimuthal motor shaft
running in the lower gear rack of the outer ring. The
lower edge of the outer ring and the gear rack pro-
trude below the turntable apron approximately 3"
opposite the gunner’s shoulders. This ledge makes
an ideal surface for the calibration, using the pointer
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on the turntable casting as a reference.

The outer ring gear rack has 484 teeth. Therefore
if you determine 45° stations (45°, 90°, 135°, 180°,
225°, 270°, 315°, 360°), 45°=60% teeth (484 — 8
=601%). Since the degree marks will be approxi-
mately .3” apart, the error is only a minor one if
you assume the 45° arc to have only 60 teeth.
1°=114 teeth in the gear rack. The odd %° is

APRIL, 1944 NIF 2-13-2

spread over several degrees.

There are fire interrupter cams near the 0° and
180° stations on the narrow ledge mentioned above.
Take care in keeping the numbers and marks legible
by placing them above or below as the cams allow.
If you put marks on the fire interrupter cams, tie
the cam followers in against their cases until the
paint or stencil marks are dry.

BENDIX UPPER TURRET

Model N. (B-25) Sights No. 80400 (80400
has 40 mile speed ring and dot. Com-
puting sights have a crosshair reticle)
Az, 360°. Elev. 0° to 90° T.O. 11-45A-3.

The weight of the Bendix Upper Turret and gun-
ner is supported by a full length column and base,
attached to the floor of the airplane. The turret
proper is steadied and guided by a bearing race
directly below the canopy assembly and approxi-

mately level with the fuselage.

This race serves as a guide for the two sets of
adjustable rollers attached to the box casting. The
rollers follow the upper two-thirds of the bearing
race proper. The inside surface of the lower one-
third provides an ideal surface for calibration. You
can place the reference mark on the box casting.

The inside diameter of the bearing race is ma-
chined to 40", therefore 1° equals .35”. Break up the
calibration process into 45° or 90° stations, and cali-
brate the lower edge of the inner surface of the
bearing race, geometrically.

SPERRY UPPER LOCAL TURRET

Model K-3 (B-17) Sights Sperry K-3
Computing Sight Az. 360° Elev. 0° to 85°
T.O. 11-45C-1.

The Sperry Upper Local Turret is supported by
a base on the floor of the plane. Approximately 11”
above the floor of the plane is a gunner’s platform
upon which the gunner stands. The outside edge of
this gunner’s platform makes an ideal calibration

surface. The outside diameter of the platform is 25",
therefore 1°=7,".

You can make a reference mark by attaching a
wire pointer to the floor so that it will overlap the
outside surface of the platform, yet be out of the
way so it won’t get bent.

To determine the calibration marks find the center
of the platform and use a protractor or plotter after
you have established 45° or 90° stations. You can
calibrate the rim geometrically by making each de-

gree 74,” apart.

Miscellaneous Turrets

There are other power gun turrets in common
use. Their positions in the plane, however, do not
allow you to use them for taking relative bearings.

They are: Consolidated Tail and Nose (B-24), Ben-
dix Lower (B-25), Sperry Lower Remote (B-17),
Sperry Lower Ball (B-17).
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RADIUS OF ACTION

RADIUS OF ACTION SAME BASE

You are trying to find the maximum distance
you can fly along a given course and still return
to your base with a reserve of fuel.

Graphic Solution

Formula

GS, XGS,XT
GS, + GS,
t=R/A + GS,

R/A =

R/A is the distance on the course out, T is total
fuel hours available less 25%, t is time on course out,
and GS, and GS, are groundspeeds on the course out
and the course back respectively.

Computer Solution

1. Place the wind on the computer in the usual
manner, down from the grommet.

2. Place the grommet on true airspeed.

3. Place patrol course at true index, and adjust
or juggle your computer to obtain true heading.

4. Knowing true heading, true airspeed, and in-

tended course, obtain groundspeed. This is the
groundspeed out.

5. Knowing that if you depart from a base, in
order to return to the same base you must fly a
reciprocal of the patrol course, rotate the computer
180°. With the reciprocal course at true index adjust
or juggle for true heading back.

6. Now obtain the groundspeed back.

7. Use the formula above to find your radius of
action, and time out on course before turning back
to base. If the winds change work a new problem.

T
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RADIUS OF ACTION ALTERNATE BASE

Graphic Solution

The solution to this problem tells the following:

1. Maximum distance you can patrol a given
course and still return to an alternate base with a
reserve of fuel.

2. Time to turn on heading for alternate base.

Computer Solution

1. Since in this solution you read groundspeed
and track on the center vector, place the wind on
your computer down to the grommet instead of
down from the grommet as you do when solving
drift problems.

2. Put bearing of alternate base at true index.

3. Put the hourly increment down from the grom-
met and mark it with an “X”.

4. Put the true course under true index with the
wind arrow on true airspeed.

5. Read groundspeed under the grommet and S,
(rate of departure) at “X”. Apply drift correction
to determine true heading. Reverse drift correction
signs for use in this problem.

6. At this same setting draw in the vector passing

Formula

S,XT
S, +8,

S 3ASE “B”

R/A=tXGS

through “X”. Draw this vector along the vertical
drift correction line at “X”.

7. Turn the computer face until this vector is
parallel to the drift correction lines on the opposite
side of the center line.

8. Set the end of the wind arrow on true airspeed.

9. Read S, (rate of return) at “X”, GS; under the
grommet, and TC, at the true index. Determine
TH, from the drift correction. Remember: reverse
drift correction signs for this problem.

10. Determine t (time out on course) and radius
of action from the formula.

This method of solution is not intended to replace
the Mercator or graphic solution. It is to be used as
a quick and rapid check once you have completed
the graphic solution.

Remember:

If you ever operate from an aircraft carrier, re-
member the carrier is moving from departure to
the position designated as alternate base. You can
turn to TH, at any time before your radius of action
is completed, and you will intercept the carrier.
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GRAPHIC SOLUTION

Four quantities that you must know:

1. Position of the target at a definite time.

2. Course and speed of the target.

3. Wind direction and velocity.

4. The true airspeed you can maintain.
Solution:

1. Plot the simultaneous positions of the target
and your airplane.

2. Draw a line of constant bearing between the
target and your position.

3.. Draw a parallel line of constant bearing through
the position of the target at the end of one hour.
Draw this line parallel to the first line.

INTERCEPTION OF TARGETS TRACK

~a

0530 TARGET §

0430
TARGET WITH
PLUS 25 MILE

LEAD

0430

4. Draw in the wind, downwind from your posi-
tion, at the start of the interception.

5. Swing off your true airspeed onto parallel line
of constant bearing from end of the wind vector.

6. Draw and measure the true airspeed —true
heading vector.

7. Draw and measure the groundspeed— true
course vector.

8. Determine time to intercept from the formula:

distance to close

distance to intercept
T rate of closure

groundspeed

Remember:

The target may be the ship or it may be a point
ahead or behind the ship, depending upon whether
you use a positive or negative lead.

@) 0430 TaKE OFF

WIND
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A COMPUTER CHECK ON YOUR GRAPHIC SOLUTION

To work this problem on your computer you must
know angle of constant bearing (true bearing of the
target from the airplane) and distance separating
the target and plane. You must know wind, your
true airspeed, and the ship’s speed and course.

1. Lay off the wind vector down from the grom-
met. Mark a “W” at end of the wind arrow.

2. Turn the slide of the computer over so that
the parallel grid lines are visible in the transparent
face of the computer. ‘

3. Set the ship’s course under true index. -

4. Move slide so that the arrow end of wind
vector “W” just touches the zero line of the grid.

5. Draw a line downward equivalent to the ship’s
speed. Mark the end of this line “R”.

6. Turn the slide over.

7. Place the grommet on your true airspeed.

8. Place the constant bearing of the ship under
true index.

9. Adjust the face of the computer so that the
drift indicated on the slide (at the end of “R”) is
the same as the drift indicated on the scale above
the constant bearing of the ship.

10. Read true heading to intercept at true index,
rate of closure at R, drift angle at W, and ground-
speed at W.

11. Determine time to intercept from the formula:

distance to close  distance to intercept

rate of closure glzoundspeed

PROBLEM

Given:

Angle of constant bearing 90°
Distance to close 100 n.m.
Wind 300° 15 knots

TAS 150 knots

Ship’s speed 30 knots

Ship’s course 140°

Required:
TC = 98°
TH = 96°

Rate of closure = 143
GS = 164 knots
Time of interception — :42

Place 143 under 100 on the E-6B computer
and read the time of interception above the
black hour pointer.

One thing you must check: Is your answer
reasonable? After deciding that the answer
is reasonable, check your work for minor
errors such as might occur from measuring
or computer inaccuracies.
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SEARCH AND RESCUE

Responsibility

Surface craft cannot search any given area as
effectively as aircraft because their visibility is re-
stricted. They do, however, perform the actual res-
cue operation once they are directed to the scene
of the accident or the location of survivors. On
occasions when fast crash boats are available and
can be dispatched to the scene of the ditching or
crash immediately they can supplement the air
search materially. They are also effective at night
when they can use their searchlights.

However, it is the basic responsibility of air units
to find the survivors.

Where trained search controllers are directing the
search, your responsibility is to cover designated
areas accurately. When a search controller is not
available the navigation officer must plan the search.

The search doctrine outlined below is the result
of years of experience by the Army Air Force, Royal
Air Force, and Royal Canadian Air Force. You must
know this information to fulfill your responsibilities.

Planning a Search Mission

Use the last reliable fix on the missing airplane as
the position about which to search. This is the da-
tum point. If you don”f know the ditching position,
use the last reported land position from which to
compute the DR track of the airplane. If the time
of ditching is known, estimate the DR position and
use it as a center of search.

Elminate errors in determining the search area
by outlining a rectangle 24% above estimated dis-
tance out from land along intended course and 12%
perpendicular to intended course.

There are three probability areas that you can
search. They depend upon the information available.
When ditching position or time of ditching is known,
the area outlined by the 249,-12% rectangle is the
immediate search area. Designate this area as Prob-
ability Area No. 1. If the search becomes prolonged
over 12 hours you must progressively change this
area to allow for the effect of winds, tides, and cur-
rents upon the dinghy.

i 1
PROBAB up/MEA No. 1

| TOTAL DISTANCE [FLOWN SINCE LEAVING LAND-450 NM

AREA TO BE SEARCHED: ,
LENGTH: |24%, % 450, | :12% x 450 = 108 x 54

- |

REV. No. 2
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PRUBABILIIY AREA Ng. 2

s

|

R

When no specific ditching position or time is
available, search a strip of progressively increasing
width equal at any point of the track to 129 of the
distance flown from land. Designate this area as
Probability Area No. 2. Use this type of search for
aircraft reported overdue at destination.

If you search the original Probability Areas, No. 1
and No. 2, without result, extend your search to
other logical areas. Each of these other areas com-
prises a Probability Area No. 3.

Because you cannot always rely upon the accu-
racy of reported ditching positions, compute the
probable position from any information you can
find in the flight plan of the missing airplane. If this
area does not coincide reasonably well with the re-
ported ditching position, use it as a further search
area when search of the reported ditching area
proves fruitless.

Prolonged Search

If search aircraft arrive at the ditching coordinates
even one hour after the time of ditching they must
allow for the effect of currents, winds, and tides upon
the dinghy, and navigational errors.

Current: Obtain a chart giving the direction and
drift of the currents in the area which you intend to
search. The most reliable and detailed information
on the direction and velocity of ocean currents can
be obtained from the Hydrographic Office publica-
tion No. 14, Pilot Chart, which is issued monthly.

REV. No. 2

Extend the boundaries of the search area by twice
the amount of the average, or mean, drift in the
direction of the current and by the amount of the
mean drift at right angles to the current. Then shift
the whole area by the amount of the drift in the
direction of the average or mean current.

The dinghy drift figure is for a 24-hour period.
For portions of a day use the corresponding velocity.

Wind: The effect of wind on dinghy drift depends
on the force of the wind and the state of the
sea. If the search is continued beyond a few hours,
‘shift the search area again for movement of the
dinghy from the action of the wind. If you have
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any doubts as to actual wind velocity in the search
area, enlarge the area to encompass the possible
extremes of wind velocity.

The average drift of a flat-bottomed rubber raft
of existing design, without keel, sail, or sea anchor,
expressed as a percentage of wind velocity is:

In winds up to 6 knots.......... 11 to 14%
In winds 6 to 12 knots.......... 8t011%
In winds 12 to 18 knots. . ........ 5to 8%

If an effective drogue or sea anchor is used, the
drift averages about 4% for lighter winds and about
2% % for winds up to 18 knots.

A drogue is highly effective in minimizing the
effect of wind, and drift then becomes more depend-
ent on the direction and velocity of ocean currents.
A good drogue also helps greatly to keep the raft
bow-on to the wind and to increase its seaworthiness.

Briefing for over-water flights should always in-
clude instructions on whether a drogue should be
used so that those planning rescue operations will
know how to plan the search.

Tides: If the search area is 50 miles or more from
shore, disregard the effects of tide. Within 50 miles
from shore you must take tides into consideration.

Enlarge the area even farther to allow for pos-
sible navigational errors.

Cumulative Record of Search

Re-plot the search area every 12 hours to keep the
search up-to-date with the winds and currents. Be-
cause of the uncertainties of weather, serviceability
of aircraft, and lack of a sufficient number of air-
craft, you will not always be able to cover the
desired area completely on the first day or even on
subsequent days.

When planning the search on subsequent days
you must take into account the searching that has
already been done, both as to area covered and the
adequacy of the cover. Three-eighths mile visibility
is the maximum to insure the picking up of a dinghy.
An area covered with that visibility is 100% covered.
On the other hand, an area covered with a visibility
of 1% miles is only 25% covered. Dinghies can drift
as much as 40 miles in a day, so an area that has
been covered one day still needs to be covered on
the following days.

An area 25% covered on each of two successive
days is 50% covered. But because of drift the search
on the second day covers a different area so far as
the finding of the dinghy is concerned. You still have
only a 25% chance of finding the dinghy if it hap-
pens to be in the area covered.

Keep a daily record of the areas searched, by per-

REV. No. 2
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centage of cover. Do this by evaluating the reports
of the searching aircraft and keeping the percentage
figures on the appropriate section of the chart, or by
crosshatching the areas covered.

Search Procedure

Whenever possible fly 500 feet above the water on
any search mission. Altitudes above or below 500
feet decrease your chance of spotting an object in
the water. If you fly below 500 feet, you pass small
objects so rapidly that you have great difficulty in
identifying them readily. Fly the search at the
slowest indicated airspeed permitted by the air-
plane’s stalling speed.

Unless restricted by the number of searching air-
craft, search with 34 mile visibility on either side of
the airplane. This alone provides adequate cover. If
you relax these patrol conditions the search will be
less effective.

Always coordinate your search pattern with wind
direction as nearly as possible. This eliminates drift
on half of your headings and gives you a more con-
stant drift on the others.

WIND
DIRECTION
| } | | T 1
' ® DITCHING POSITION -+
i t | f
—

Where an unusually precise ditching position is
known it is good practice immediately to carry out a
parallel search in a 10-mile square about the report-
ed position, then continue with an expanding square.

A dinghy can sometimes be seen 10 miles away
after it has been pointed out to you and you train
your glasses on the object, but for practical search
the altitude of 500 feet with 38 mile visibility on
either side of your airplane is the only sure way of

finding the dinghy.
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Search into the wind. You may go over the same
area twice but you will do a thorough job.

Navigation accuracy is extremely important. You
must be able to calculate the distance i* takes to
make a turn.

A needle-width 180° turn takes 1 minute. At 180
mph you travel approximately 2 miles from your
original course during the turn. To keep your
parallel tracks 34 mile apart you must make a 180°
turn in approximately 22 seconds. These figures do
not take into account the effect of a crosswind. This
may be beyond the capabilities of some aircraft. If
you can’t make the necessary turns, be sure to take
this into account when reporting coverage of an area.

Use this table to time your turns:

Distance Traveled Perpendicular to Track
In 180° Turn

MPH One Minute MPH One Minute
300 3.18 miles 200 2.12 miles
280 2.97 miles 180 1.91 miles
260 2.76 miles 160 1.75 miles
240 2.55 miles 140 1.49 miles
220 2.33 miles 120 1.27 miles

A 2-minute 180° turn will double the figures given
in the table. A Y%-minute 180° turn will halve them.

Check driftmeter recordings against observations
of wave formations to obtain accurate drift (See
NIF 2-22). Check winds carefully.

Report surface winds to Operations so the drift
of the search area can be calculated accurately.

Land Search

Over rough country use the following procedure:
Divide the area being searched into rectangles of 10
miles by 20 miles and assign aircraft to these rec-
tangles with orders to carry out a full contact search
of each. A full contact search means searching the
area while using minimum altitude and visibility.
Use large scale charts. If weather conditions make
certain areas inaccessible, leave them blank on your
chart and search these areas at a later date. Shade
in all areas as they are searched.

Signals

You must transmit information regarding your
search to Operations upon every sortie. This enables
the search to proceed methodically. The signal cov-
ering the day’s search:by any airplane must include:

1. Coordinates of the area covered.

2. Time spent in covering the area designated.

3. Type of search (expanding square, etc.).

4. Patrol height and visibility used.

5. Meteorological visibility.

REV. No. 2
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. MIDWAY

A Actual position of
plane on ETA.

B Reef is sighted. Alter
course to Midway.

C Reef sighted using
square search.

———— Natural Front
(Reef + 10 mi.)

= Rectangulor
Pattern

Lost Plane Search

Before your ETA runs out decide what you will
do if you don’t sight destination. Consider possible
hazards to flying, visibility, and fuel remaining. Then
design a pattern which gives you the best chance of
picking up a check point. No hard and fast rules can
be set. You must use your own judgment.

The illustration above does not necessarily repre-
sent the best solution but it illustrates the problem
involved and one possible solution.

A plane returning to Midway from a raid on Wake
has lost one engine and is flying beneath an overcast.
Visibility is about 10 miles. Radio equipment is com-
pletely inoperative.

When the ETA runs out, only open water can be
seen. To take advantage of the natural front of the
Kuri-Midway-Pear] and Hermes archipelagoes, the
navigator flies an expanding rectangular pattern,
aligned across the front. Note that if he had flown
a square search pattern he would have run out of
fuel before sighting a reef.

Remember

If your airplane is going down be sure to transmit
a correct position. A good position report will speed
your rescue by hours and days. Use the position at
which you estimate you will be in the water. This
will differ radically from a position at 10,000 feet
when the decision was made to ditch.

The precise position of an airplane forced down is
vitally important. If you are at the scene of a ditch-
ing, circle the spot until you are certain that ground
radio facilities have received your message and sur-
face craft are on the way. Then continue to circle
the dinghies until rescue craft have arrived or your
fuel reserve is exhausted and you are forced to
return to your base.
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Be thoroughly familiar with your meridional parts table.
Find the exact Mercator course and distance between

any two geographical points by filling out this form.

In flights over 1000 miles, set aside Mercator flying in favor of
Great Circle flying. The saving in distance and time is worth
the effort. It is not practical to use Mercator flying above
65° of latitude, since the difference in longitude is great, and
the course changes considerably over a distance of a few
hundred miles. Be able to work this solution without a form.
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BE SURE TO FIND THE SAVING IN DISTANCE ON ANY LONG FLIGHT

If you wanted to fly a true great circle course,
you would have to change course continually. To
get around this, fly rhumb line chords or tangents
to the great circle. The saving in distance outweighs
the disadvantages of computing the chords and
changing true course.

Solution by Great Circle or Gnomonic Chart

1. Plot the coordinates of departure and destina-
tion on the Gnomonic chart and draw a straight line
connecting them.

2. Transfer the coordinates of the intermediate
positions along the route to a Mercator chart.

3. Connect these points by rhumb lines.

4. Measure the true courses and distances along
these rhumb lines.

Solution by Lambert Conformal Chart

You can get a close approximation to the Great
Circle course by drawing a straight line between
departure and destination on a Lambert Conformal
chart. You can measure the coordinates of inter-
mediate points, true courses, and distances more
easily on this chart than on the Gnomonic chart.

Solution by HO 211 (Ageton)

Use HO 211 to compute not only the initial course
and distance, but to solve for the coordinates of in-
termediate points along the route.

Use Great Circle forms No. 21Q and 21R. The
complete procedure is given on pages 10-13 of HO
211. Pay special attention to the rules at the bottom
of page 11. Follow the signposts.

Solution by HO 214 or HO 218

You must be familiar with the parts of the ter-
restrial triangle that correspond to the astronomical
triangle when you use HO 214 or HO 218. The rela-
tionships are:

IN THE ASTRONOMICAL IN THE TERRESTRIAL

TRIANGLE TRIANGLE
Local Hour Angle....... becomes. . Difference of Longitude
Latitude of Observer.... becomes. .Latitude of Departure
Declination of Body..... becomes. . Latitude of Destination

90°-He, or Co-altitude. . . becomes. . Great Circle Distance
True Azimuth of Body... becomes. .Initial Great Circle Course

In solving Great Circle solutions by HO 214 or HO
218 you must make three interpolations. One for
difference of longitude, one for latitude of destina-
tion, and one for latitude of departure. This method
does not give you the coordinates of intermediate
points along the course. You can dead reckon out
on the initial Great Circle course, however, deter-
mine a new position, and work a new solution. You
don’t have to stay right on course, as a new solution
does not depend upon previous solutions. HO 218
incorporates a special table (Table V) which gives
the “Difference between Rhumb Line and Great
Circle Distances” for the latitude of the volume.
This will help you determine whether the saving
in distance is great enough to warrant flying a
Great Circle course. A saving of forty miles may
mean the difference between landing in the water,
or at your destination. A land plane won’t do any-
one any good in six fathoms of water.

RESTRICTED



-2
NIF 2-18
APRIL, 1944

D

RESTRICTE

GREAT CIRCLE COMPUTATION
AGETON 5010110

{Courye an

d Dh:unce)
AL

=
P

RESTRICTED



RESTRICTED

CONTROLLED ETA

On tactical missions you must arrive at the ren-
dezvous point on time. Depending upon the condi-
tions of the flight, control your estimated time of
arrival by changing indicated airspeed or cutting
corners to gain time, overshooting a turning point to
lose time, essing on course, or even making a com-
plete 360° turn to lose time.

No rules can be made. This is air sense and timing
that you must develop through experience.

CONTROLLED GROUNDSPEED

An easy way to control ETA is to control your
groundspeed.

Problem

Given: Wind 160° 20 knots’
True airspeed 150 knots
Pressure altitude 20,000
Temperature —15° C.
True course 20°
Required: To indicate an airspeed that will give a
groundspeed of 180 knots.

1. Place the wind on the computer (160°20 knots).

2. Place true course at true index (20°).

3. Put the end of the wind vector at the ground-
speed desired (180 knots), rotating the disk until
true heading corresponds with the drift correction
indicated. True heading 241 °,

4. Read true airspeed from the grommet (165).

5. Turn the computer over and place tempera-
ture (—15°C) above pressure altitude (20,000 ft).

6. Read the calibrated airspeed (118 knots) di-
rectly below the outer true airspeed scale (165).

7. Find indicated airspeed on the airspeed calibra-
tion card opposite calibrated airspeed (118 knots).

REVISED OCTOBER, 1944 NIF 2-19-1

8. Instruct your pilot to hold the desired indicated
airspeed. Then check it to see that he does.

FORMATION FLYING

In formation flying the pilot must fly according to
Standard Operating Procedure (SOP). A change in
throttle settings will disrupt a formation.

To control your ETA, plan your course to the
rendezvous point in the form of a dog-leg based
upon the forecast winds and flight conditions. If you
see that you will arrive late, turn earlier than you
had planned. If you are arriving early, turn later
than planned.

Example

The flight plan calls for a flight to 39°45’N, 102°
20’W, and then a turn to a rendezvous point at 39°
00’N, 100°40'W.

Dead reckoning position at 09:13 39° 00’N, 104°
00'W.

Wind 360°,/25k

True airspeed 160k

ETA to rendezvous point 10:25 1

Rendezvous is at 10:15

1. Plot wind effect for 62 minutes (26k) from the
rendezvous point to determine your air position for
10:15.

2. With your dead reckoning position and this air
position as centers, draw two arcs with a radius
equal to 31 minutes of true airspeed, or 82% nm.
Intersection of these arcs is your air position for
turning at 09:44.

3. Measure the true heading of each leg with your
computer.

IF YOU LOSE OR DAMAGE YOUR COMPUTER, GET TRUE AIRSPEED BY USING THE FOLLOWING TABLE

At 5,000 feet increase calibrated airspeed by 72 %
At 7,500 feet increase calibrated airspeed by 10%
At 10,000 feet increase calibrated airspeed by 15%
At 15,000 feet increase calibrated airspeed by 25%
At 20,000 feet increase calibrated airspeed by 35%
At 25,000 feet increase calibrated airspeed by 50%
At 30,000 feet increase calibrated airspeed by 65%
At 35,000 feet increase calibrated airspeed by 80%

to get true airspeed TRU E

to get true airspeed

to get true airspeed AIRS PEED

to get true airspeed

to get true airspeed TO GET CALIBRATED AIRSPEED

to get true airspeed FROM A KNOWN TRUE AIRSPEED,
to get true airspeed DIVIDE TRUE AIRSPEED BY

to get true airspeed 1.075, 1.10, 1.15, 1.25, ETC.
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Besides the radio compass there are three other
radio sets in tactical aircraft with which you must
become familiar.

1. Command set

2. Interphone system

3. Liaison set

Know where this equipment is located in your
airplane. Know how to operate it. Most important
of all, know which set to use for any given situation.

Command Set

The command radio set is controlled from the
pilot’s compartment. Use it for communication from
plane-to-plane or from plane-to-ground over limited
distances. It consists of three receivers which oper-
ate on 3 to 6 megacycles, 6 to 9.1 megacycles and 190
to 550 kilocycles respectively. To obtain clear defi-
nition of range signals, place the switch of the radio
range filter in the pilot’s compartment to “RANGE.”
With the switch in this position, voice reception is
nearly eliminated. With the switch on “VOICE,” the
range signals give way to clear voice reception. Place
the switch on “BOTH” to hear both range and voice
signals at the same time.

Two to four transmitters are included which al-
low you to operate on predetermined frequencies.
You can operate on only one transmitter at a time.
Select the transmitter you want by turning on the
proper switch.

‘To transmit code signals place the “TONE-CW-
VOICE” switch on either “TONE” or “CW.” Use
either the microphone button, a standard transmit-
ting key, or a key located on the top of the trans-
mitter control box.

Interphone System

Use the interphone system to carry on communi-
cation with the crew members in the airplane. The
jackbox of the interphone system also provides
means of switching your microphone and headset to
the input and output circuits of other radio equip-
ment in the airplane such as; Radio Compass, Liaison
or VHF radio set and Command radio set.

To call another crew member on the interphone
hold the jackbox switch in “CALL” position and
simultaneously depress the microphone switch while
talking. After calling, return the switch to “INTER”
position and wait for an answer. To answer, the
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called party switches to “INTER”.

To use the interphone most efficiently, hold the
microphone directly in front of your mouth, lips
lightly touching the center of the mouthpiece. When
you use the throat microphone, have the buttons
face in against the sides of your Adam’s apple. Speak
slowly and distinctly in a moderate voice.

Have the openings in the earphones directly over
your ears and adjust the earphones so that the cups
fit firmly and evenly to seal out noise.

Do not hold the microphone switch depressed
when listening, for this affects transmission.

Liaison Set

The liaison radio set is capable of transmitting
and receiving over a wide range of frequencies. Use
it for long distance air-to-ground communication.

The receiver unit is capable of Voice or Code
(CW) reception on frequency bands ranging from
200 to 300 kilocycles, 1.5 to 3.5 megacycles, 3.5 to 6
megacycles, 6 to 9.5 megacycles, 9.5 to 13.5 megacy-
cles and 13.5 to 18 megacycles. You can pick up the
Bureau of Standards Time Signal from Station
WWYV on this set at either 5, 10, or 15 megacycles.
See Time Signals, NIF 2-25-1.

To receive voice signals:

1. Turn “AVC-OFF-MVC” switch to “AVC.”

2. Turn the volume control clockwise until you
get a signal that you can hear easily.

3. Select frequency band desired by turning the
band switch.

4. Adjust to the exact frequency by turning the
tuning crank. Rock the crank.back and forth slightly
to obtain best definition of the signal.

To receive code signals:

1. Turn “AVC-OFF-MVC” switch to “MVC.”

2. Place “CW-0OSC” switch to “ON” position.

3. Turn “CRYSTAL IN-OUT” switch to “IN”
position after “CW” signal has been tuned in.

4. Adjust “BEAT FREQ"” control to obtain a tone
that is pleasing to your ear.

To listen to the “LIAISON” radio set, place the
selector switch on the jackbox at “LIAISON”.

Transmission over the liaison set is the radio oper-
ator’s duty so only attempt it after he has given you
proper instruction.

Know the operation, capacities, and limitations of
each piece of equipment.
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PILOTAGE

Orientation

It is good practice to turn your map so that you
can view it in the same direction you are flying.

If you have been flying over an undercast, keep
an accurate record of your dead-reckoning position.
Study the map area around that position. Pick out
the most distinctive features it contains, and then
search the ground around you to try to find them.
Draw a circle around your dead-reckoning position.
The radius of the circle should be about 10% of the
distance flown since you last had a reliable check on
your position. There is no need to draw the circle
on your map. Just project it mentally. Keep up
with your dead-reckoning position by advancing
your position, and the circle, every few minutes.

Don’t be a wishful thinker. Wishful thinking is a
real danger to the map reader. Check individual
landmarks, but be sure the individual items fit into
the correct pattern. You can make a mistake on an
individual check point much easier than you can
on a general pattern.

Always work from the map to the ground. Some
features on the ground are not shown on the map,
but most features on the map appear on the ground.

Crew Cooperation

Before a mission, discuss the route in detail with
the pilot and crew members. Be sure to have all
watches synchronized. Give the crew the expected
times of coast crossings, the time of expected enemy
action, both flak and fighters, and the time you ex-
pect to pass prominent landmarks. Describe these
landmarks so they’ll know what to look for. They
can help you find check points that may not be vis-
ible from your compartment.

If you have time, prepare a small-scale map with
the course and appropriate ETA’s for the pilot. It
will keep him oriented during the flight. Always
give position by reference to a prominent landmark.
Latitude 48° 45" N, Longitude 02° 20’ E, doesn’t
mean much to crew members who don’t have maps.

Memory Pilotage

Your knowledge of the country over which you
are operating may easily mean the difference be-
tween getting home and getting lost.

Commit to memory the section of the country over
which you are operating. Be sure you know the
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relief, culture, and water features, including all land-
ing strips and enemy installations, and their relation-
ship to one another.

Check your skill by drawing this map repeatedly
until you have confidence that it is impossible for
you to get lost in this area. Then constantly check
your observations from the air.

By knowing your operating territory:

1. You can check all other methods of navigation
by ground reference.

2. You can recognize landmarks from occasional
glimpses of the terrain.

3. You can orient yourself if you are forced down
in enemy territory.

Important

Practice pinpoint pilotage from high altitude at
every opportunity. It is used extensively in the ETO.

In preparation for combat missions always mem-
orize the target area. At times you may approach
a target from zero altitude and will be unable to use
maps or charts of any kind. You must know the
target area from any angle of approach and be able
to recognize every prominent landmark instantly.
This takes concentratipn, but the success of the
mission depends upon your work at this crucial
moment. Be sure that your memory is dependable by
practicing this aid to navigation at every opportunity.

180°

Use an inverted compass rose to help orient your-
self when approaching the target. Draw this on your
map. The circles are five miles apart. If you don’t
see the IP or the target you can pinpoint your posi-
tion in the target area and know your course to the
target instantly. Remember, the compass rose is in-
verted. For example: You find yourself at X. Your
heading to the target is 290°; the distance is 19 miles.

At any time when you give position, heading, or
ETA to your pilot, be specific.
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accurate than relying on a single LOP.

Procedure

1. Use metro wind to find your dead-reckoning
position at the time (assume it was 10:00) you ob-
served your first average LOP.

2. Draw a line perpendicular to the LOP from
your dead-reckoning position. This point on the LOP
is your most probable position (MPP),

3. Draw a line connecting your air position (AP)
and your most probable position on the LOP. This

The most-probable-position technique was developed for use on long
over-water flights. It consists of finding your most probable

position on an LOP, at least once an hour, from a dead-reckoning
position determined at the same time. It is of particular value when
you are flying over an overcast and have only forecast winds and
sun lines with which to navigate. This technique enables you to

find wind direction and force and recognize wind shifts as they occur.
Your sun lines must be within reasonable limits of accuracy.
It is suggested that you take several LOP’s

and average them. This has proven to be more

ADDED JULY, 1945 NIF 2-22-1

vector is the most probable wind effect (MPW).

4, Convert this wind effect into wind.

5. Observe another average LOP at 11:00.

6. Find your 11:00 dead-reckoning position, using
the most probable wind found at 10:00.

7. Draw the perpendicular to the LOP from this
11:00 dead-reckoning position.

8. Connect your AP and your MPP on the LOP.
This vector is your most probable wind effect.

e
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9. Convert the wind effect into wind.

Follow this procedure until you are ready to turn
into destination. Obtain the latest most probable
wind effect as follows:

1. Observe an average LOP at, for example, 12:00.

2. Find your 12:00 dead-reckoning position, using
the most probable wind found at 11:00.

3. Find your most probable position on the LOP
by drawing a line perpendicular to the LOP from

LOP 11:00 &

v
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your dead-reckoning position.

4, Measure off the total wind effect, found at 11:00,
on the wind vector you used to plot your 12:00 dead-
reckoning position.

5. Draw a line from the end of the 11:00 wind
effect line to your most probable position on the
LOP. This vector is the wind effect for the period
between 11:00 and 12:00 and is your latest wind.

6. Use this wind to alter course into destination.

LOP 12:00

12:00 DR POSITION = MPP

‘lATEST WIND EFFECT
WIND EFFECT

FOUND AT 11:00

t

TH 12:00
AP

Your most probable position and most probable wind become more
accurate as the flight progresses. Your dead-reckoning position
continues to approach your most probable position so long as the wind

is constant and your work is accurate.

LOP 11:00 =

LOP 10:00 =

10:00 DR =
METRO WIND =

11:00 DR =

LOP 12:00 %

12:00 DR POS. #| MPP

MPP

s LATEST WIND EFFECT

\

11:00 MPW

09:00 ™ 11:00
AP

S,
g,

12:00
AP

If your dead-reckoning position and most probable position suddenly

fall farther apart, this indicates a wind shift. Use this new wind

effect as the basis from which to find a more accurate most probable position
Use this wind effect as you used the metro wind at the start of the flight.

A wind shift is always readily apparent if your work is accurate.

REV. Neo. 3
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L RADIO COMPASS.A

CRECEIVING SET

OPERATION

Set the interphone switch to “COMP”.

Set the radio control switch to “COMP” or “ANT”
position.

Push “CONTROL” switch to operate green light
(hold switch in for two or three seconds if neces-
sary). When the green light comes on, your set has
control of the radio compass.

Adjust the “AUDIO” or interphone control to a
satisfactory headset level. To get better reception
of radio range signals (between 200 and 420 kc), set
the interphone control fully clockwise, and adjust
the “AUDIO” knob to the lowest usable headset
volume.

Always tune in a station on “ANT” first, then
switch to “COMP” or “LOOP.” Do this to get better
reception. When you have the station tuned in and
properly identified, turn to “COMP”.

If you tune a station in on “COMP,” reception
will not be clear, and wear and tear on the compass
and compass indicator will materially increase.

If reception is noisy because of precipitation static,

use loop reception for better results. Turn the func-
tion switch to “LOOP” and use “L-R” knob to rotate
loop until you get maximum volume.

Homing

Turn the “VAR” knob on your indicator until
the azimuth zero is at the index.

Switch to “COMP”.

Turn the airplane in the direction shown by the
indicator, until it reaches zero.

When the indicator is at zero, you are headed
toward the radio station.

If the indicator is to the right or left of zero, the
station is respectively to the right or left of the
heading of the airplane.

It is not practical to home on a radio range course
and fly it aurally at the same time.

Position Finding (Visual Method)

Switch to “COMP”.

Before making fix determinations, locate the
stations on the map, tune them in, identify them,
and log the dial reading with the time.

This procedure will prevent delay and error when
you are obtaining a fix.

Use the “VAR” knob to set the azimuth scale
to zero in order to read relative bearing. Set the
azimuth scale at the true heading of the airplane
to read true bearing.

To obtain a fix, take bearings on three or more
stations when available, 30° or more apart, obtain
the true bearings and plot them in from the stations.

Have the pilot hold the airplane on a steady
heading when you are taking bearings. Bearings
are not accurate if the heading of the airplane is
constantly changing.
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Position Finding (Aural Null Method)

Switch to “LOOP”,

Use “LOOP L-R” switch to rotate the loop for
minimum headset volume, then read the bearing
indicator. To rotate the loop more rapidly, depress
“LOOP L-R” knob when turning it to the left or to
the right. If the signal null exists over too wide
an angle, obtain greater accuracy by rotating “AU-
DIO” fully clockwise and locating the null either by
listening for the disappearance of the signal or by
noting the dip in the tuning meter deflection.

REVISED OCTOBER, 1944 NIF 2-23-2

Use the “CW-VOICE” switch in the “CW” posi-
tion to decrease the apparent width of the null. In
Radio Compass SCR-269-G installations this switch
is located on the front panel of Radio Compass Unit
BC-433-G. In Radio Compass Type AN/ARN-7 in-
stallations this switch is located on the lower side
of Radio Control Box Type C-4/ARN-T.

You can obtain a fix by the aural null method,
but be sure to watch for 180° ambiguity in bearings.

In poor weather and in storm conditions when the
needle is unreliable for visual indications, use the
aural null method for best results.

TUNING

RADIO COMPASS CONTROL BOX
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Jamming

When the enemy transmits on the same frequency
as a beacon, it is jammed. You can detect this easily
because the jamming note (this is sometimes actually
a four-tone musical note, at other times just hash)
will be heard above the beacon, and the compass
indicator needle will search frantically.

Meaconing

This condition is usually more dangerous and
harder to detect than jamming. Meaconing takes
place when the enemy keys a transmitter on the
same frequency and in step with one of our beacons.
No extraneous signal is heard on the earphones, and
if the meaconing signal is strong enough, you may
actually home on the wrong signal.

The effects of meaconing are much like those of
night effect. The indications are as follows:

1. Fading of signals.

2. Widening of null.

3. Displacement of null.

4. Swinging of null.

5. Duplication of null.

The best test is for the duplication of the null. Do
this as you obtain the first bearing.

1. Put the compass in loop position.

2. Use the “LEFT-RIGHT” switch to rotate the

LOOP
LA R
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cnemy etion

loop through 180 degrees. If you find three minima
or nulls, the beacon is meaconed.

Another good check is to switch quickly to an-
other frequency from that same splasher site. (A
splasher site is a transmitting unit.) If its bearing
agrees with the first, this is a good sign the beacon
is not being interfered with.

In the UK, splashers are monitored, and when
meaconing is apparent, the beacon signal is mutilated
by sending a series of dots on the same frequency.
This service is available with splasher systems only.
Multi-beacons are also subject to meaconing.

POLARIZATION ERRORS

The radio compass is designed to serve primarily
as a navigational aid in flying. As long as you use
it in this capacity and recognize its limitations, it is
a useful and valuable device. Unfortunately, in
actual flight there are certain periods when the indi-
cations are not correct because of radio wave
polarization errors. Failure to recognize these errors
can throw you far off course, and make you mis-
trust the compass.

The principal polarization error is night effect.
Other cases of faulty bearings are mountain effect,
shore-line effect, and magnetic disturbances, such as
those found in auroral zones of polar regions.

Ordinarily, for homing, the radio compass receiver
depends on reception of vertically polarized radio
waves. When these waves are reflected from the sky,
however, they may change polarity and becomé
horizontally polarized. These horizontally polarized
waves conflict with the vertically polarized waves
and cause fluctuations in the reading of the radio
compass indicator.

Night Effect

Since radio waves are reflected in greater strength
by night than by day, the opposition of horizontally
opposed waves is stronger at night. Errors caused by
this phenomenon are called night effect.

Polarization errors may flare up for a few seconds
at intervals through the day and cause the needle
to hunt about the bearing. Real night effect causes
hunting of more than 30 seconds duration. Varia-
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tions in the intensity of this hunting may be classified
into two types.

1. In less severe form the indicator hunts over
a total angle of 15° or less around the true bearing;
and you can often take a bearing with an accuracy
of 5° by computing a mean reading.

2. In more severe cases the indicator moves con-
stantly, usually through a wide angle and not around
the proper bearing. An average reading is not possi-
ble under these circumstances. You sometimes en-
counter short periods of nearly normal operation
during these periods of extreme instability.

The times at which night effect begins, vary con-
siderably, even on the same station. Usually the first
and last disturbances appear during the periods just
before sunset and just after sunrise. The errors in-
crease with an increase in frequency, or with an
increase in the distance of the airplane from the
transmitting station.

Remedies \

Night effect recurs frequently. There are definite
steps you can take to combat it, however. First,
recognize it by remembering that a period of fluctua-

FIRST EC
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tion in the bearing indications lasting more than 30
seconds is a sure sign. Then try the following:

1. Use other methods of navigation to check the
bearings.
Increase altitude.

Average the fluctuations if possible.

Select a station of lower frequency.

wos oW N

Remember that comparatively large errors are
tolerable for purposes of homing, since accuracy
increases as the distance diminishes.

[ B e Rt S I v e i WS R
Other Effects

You may notice fluctuations when flying across
coast lines when the radio waves cross the coast at
acute angles. Errors may occur, also, when you are
flying over certain mountainous regions, and to a
limited extent, through cold fronts.
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Radio (ompass (Compensation

The radio compasses that are installed in most
combat airplanes are corrected according to standard
deviation curves for the type of airplane and the
location of the antennas. This is done in accordance
with T.O. 01-1-152. Do not attempt to change the
compensation that is set in the loop compensator.
The corrections that are set in following the T.O.

will not ordinarily make the deviation zero on all
indicated bearings. For accurate work swing the
radio compass and construct a deviation curve
for the residual deviation present. This curve will
probably be very irregular and should not have a
very large spread. Post the curve near your desk in
the airplane for accurate airwork.

Radio (ompass Swuinging

To swing the radio compass to determine the
residual deviation, select a medium or high-powered
station about 100 miles from the place you want to
conduct the swing. Since the deviation changes
somewhat with frequency, the frequency of the
station should be between 200 and 800 kilocycles.
Select a day when the wind is less than 8 mph to
avoid excessive drift and do not perform the cali-
bration during the time polarization errors are
prevalent, just before sunset and just after sunrise,
when large fluctuations of bearings are noted.

Set the “VAR” knob on the indicator so that the
index is opposite zero. Find a reference point, such
as a tower or a prominent building, and determine
the true bearing of the radio station from that point.

Since power lines or railroads on or adjacent to
the landmark may distort the radio bearing, make
a check to determine whether or not there is dis-
tortion. You can do this by crossing the reference
point at various angles while maintaining a fixed
heading by means of the directional gyro. If the
bearings change rapidly as you approach the point,
distortion is present. Eliminate it by flying at a
greater altitude or by selecting a new reference
point for the swing.

Fly three small circles around this point, the pilot
using his directional gyro and decreasing the head-
ing each time by 45°. The ninth and seventeenth

headings are only 30° smaller. For Example:

On each leg determine the true heading by astro-
compass and the indicated bearing from the radio
compass. Then as the true bearing and the true head-
ing are known, determine the correct relative bear-
ing as follows: True Bearing — True Heading — Rel-
ative Bearing. Find residual correction as follows:
Relative Bearing — Indicated Bearing = Correction.

Plot these corrections through the indicated bear-
ing and draw a smooth curve through the points.
Post this graph near your desk in the airplane. Be
sure to use the graph on all bearings.
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RADIO NAVIGATION AIDS

Taking Bearings

On most combat missions the range is usually too
great for radio bearings with the home stations.
You can frequently obtain bearings on enemy sta-
tions of known position. Because of the ease of mov-
ing transmitting stations, however, you can’t exer-
cise too much caution in using these bearings.

Do not consider the position of any enemy trans-
mitters known, unless the Intelligence Officer def-
initely makes a statement to that effect immediately

before the flight. You can’t be too careful.

Be sure to evaluate every bearing taken intelli-
gently. When using the radio compass, note the dis-
tance the airplane is from the transmitting station,
the probable terrain effect, and the possibility of the
transmitter being moved.

Conversion of Bearings

As radio bearings are actually great circle bear-
ings, you cannot plot them directly on the Mercator
chart. Use the following table to convert bearings

wd DIFFERENCE OF LONGITUDE OF SHIP AND RADIO STATION
SE
<) 2 4° 6° 8° 1 10° 112° | 14° | 16° | 18° | 20° | 22° 24° | 26° | 28° | 30°
° 5 o o o o o ° o ° ° ° ° o o o
66 {09 [ 1.8 | 28 |37 | 46 |55 |64 |73 |82} 91 |wWo |0 |n9 |128 | 137
63 {09 |18 |27 [36 | 45 |54 |63 |71 |80 |89 98 | 107 | 116 | 125 | 133
60 |09 |17 |26 |35 | 43 |52 |61 |69 |78 | 86 95 [ 104 | 112 | 127 | 129
57 |08 |17 |25 |34 {42 |50 |59 {67 | 75 | sa 92 [ 100 |109 | 117 | 125
54 | o8 ] 16 |24 |33 | 41 |49 | 57 |65 |73 | 81 8.9 97 {105 | 1.3 | 121
51 {08 |16 [23 |31 |39 |47 |55 |62 |70 | 78 8.5 93 | 101 | 108 | 116
48 |08 [15 |22 |30 |37 |45 |52 |59 |67 | 74 8.2 89 | 96 | 104 | 11
45 |07 |14 |21 j28 |35 |42 {49 |56 |63 |71 78 8.5 92 | 99 | 106
42 (07 {14 |20 |27 [ 34 |40 | 47 | 54 | 60 | 67 7.4 8.0 87 | 9.4 {100
39 |06 |13 |19 |25 | 32 |38 | 44 |50 | 57 | 63 6.9 7.5 8.1 88 | 9.4
36 |06 [ 12 |18 |24 | 30 |35 |41 |47 | 53 | 59 6.4 70 | 7.6 8.2 8.7
33 |05 |11 |16 |22 |27 |33 |38 |44 | 49 | 54 6.0 6.5 7.9 7.6 8.1
3 |05 {10 [15 [20 |25 |30 |35 |40 |45 |50 | 55 | 60 | 65 | 70 | 74
27 [o5 |09 |14 |18 |23 |27 |32 |36 | ar |as 50 5.4 59 | 63 | 68
24 {04 |08 |12 |16 |21 |24 |29 |33 |36 |40 44 4.8 5.2 56 | 6.0
21 |03 [07 |1y {14 |18 {22 |25 |29 |32 |36 3.9 43 | 46 | 50 5.3
18 |03 [06 [09 1.2 {16 |19 |22 |25 |28 |3 3.4 37 | 40 | 43 | 46
5 |03 Jos (o8 |10 | 13 |16 |18 |2V |23 |26 2.8 3.1 33 3.6 3.8
12 |02 |04 jo6 |08 |10 |13 |15 |17 |19 |20 23 2.5 27 29 | 31
02 (03 [05 |06 |08 |10 [ 11 |12 |14 | 16 7 19 | 20 2.2 2.3
01 |02 |03 |04 05 {06 |07 |08 |09 |10 | 1 12 | 13 | 15 1.6
01 [o01 [02 |02 |03 |03 |04 j04 |05 |05 06 | 06 | 07 | 07 | o8
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before using them on a Mercator chart.
To determine whether the conversion angle is
to be added to or subtracted from the Great Circle

REVISED APRIL, 1945 NIF 2-24-2

on the polar side of the rhumb line connecting the
station and plane; that is, toward the elevated pole.
The four diagrams shown here illustrate the cor-

bearing, remember that the Great Circle always lies rections you must apply.

North Latitudes

Piane
East of
Station

Plane
West of
Station

South Latitudes

Reverse the sign of the correction when the bearings are taken on your airplane by a DF station.

ommm When

e e mu Undertaking

.ooo—Very

eeooe Hard

. emm o Routes

BEACONS

The beacon lights on the main airways are num-
bered from 1 to 10, and coded as shown here, to aid

you in flying light lines in this country.

The code flashes in the direction of the airways, six
times per minute. The code in red means no night
landing facilities. The code in green designates night
landing facilities. You can read the code by flying

parallel and close to or across the light line.

REV. No. 2
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COURSES AND POSITIONS

The three important radio navigation signals for
aircraft are QUJ, QDM, and QTF. Direction Find-
ing stations will give you this information upon
request. Use these signals at any time when radio
silence is not enforced.

It is a good idea to practice using these signals
at every opportunity so you will be familiar with
them when they are needed.

Because direction finding is an excellent emer-
gency procedure, the frequencies must be cleared
for aircraft in distress. If you are on a practice mis-
sion you can use the direction-finding facilities, but
always inform the station that you are practicing,
In this way the station, without endangering your
airplane, can divert attention to any urgent calls
from other aircraft during your mission.

REVISED APRIL, 1945 NIF 2-24-3

When a D/F station gives you a QUJ, QDM, or
QTF the time of the signal is contained in the
message. If for any reason a station other than the
transmitting station has provided the data the mes-
sage will contain the call sign of this station.

Class of course and fix (position) is designated
in the message by a letter which tells you the rela-
tive accuracy of the data.

Class A course. ...... Accurate within 2°
Class B course. ...... Accurate within §°
Class C course. ...... An error of aver 5°
Glass A fx. TR RaEe T Accurate within 5 miles
Elass BERX et ! Accurate within 20 miles
Class C fixs. s oo sen An error of over 20 miles

If a Class C fix is in error over 50 miles, this will
be indicated in the message.
MESSAGE DESCRIPTION
473 RQW QTF 45°N, 50°W A 1630z

Aircraft D/F
call leflers | station

Time

Pix or Class

course

Type of
signal

Because of the possibility of reciprocal error, QTE
is not requested normally.

FM 24-13 and AAF Letter 100-17 must be carried
aboard your airplane.

One-Station Fix

You can obtain a fix by using your radio compass
on one station as follows:

1. Take a relative bearing on a station.

2. After a few minutes take another relative bear-
ing on the same station.

3. Enter the table to obtain the factor.

4. Compute the distance between the first and
second bearings, using your best known ground-
speed.

5. Multiply the factor you obtained from the
table by the distance between the bearings to ob-
tain yqur distance from the station.

6. Knowing your distance from the station and
your bearing from the station, you have fixed your
position.

Q “J When you ask for

a QUJ you receive the true
course to steer to reach the
transmitting station.

QDH When you ask for a

QDM you receive the magnetic
course to steer to reach the
transmitting station.

QTF When you ask for a QTF

you receive the coordinates of your
position according to the bearings
taken by the transmitting station.

REV. No. 2
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R SECOND BEARING
BEARING | 390 | 40° | 50° | 60° | 70° | 80° [ 90° | 100°| 110°| 120°| 130° | 140° | 150°
20° | 1.97 | 1.00| 0.68 | 0.53 | 0.45 0.39 | 0.36 | 0.35| 0.34| 0.35| 0.36 | 0.39 | 0.45
30° 2.88| 1.46 1,00 0.78| 0.65| 0.58 | 0.53 | 0.51| 0.50 | 0.51 | 0.53 | 0.58
40° 3.70| 1.88 | 1.29| 1.00| 0.84| 0.74 [ 0.68 | 0.65 | 0.64 | 0.65 | 0.68
50° 4.41| 2.24| 1.53| 1.19} 1.00| 0.88! 0.82| 0.78 | 0.77 | 0.78
EXAMPLE
60° ‘4.99| 2.53| 1.73| 1.35{ 1.13| 1.00| 0.92 | 0.88 | 0.87
in a relative bearin
onQO(;J° ofl:;?‘;na szﬁoln eclf 09_l059 70° 541|275 1.88| 1.46| 1.23| 1.09 | 1.00| 0.95
On the same heading you obtain 80° 5.67 | 2.88 | 1.97( 1.53 | 1.29 | 1.14 | 1.05
a relative bearing of 40° at 09:08.
Enter the table at initial bearing 90° 5.76|2.92| 2.00| 1.56 | 1.31 | 1.15
of 30° and go across to 40° for 4
the second bearing. At this inter- 199 GOz SN VTN L S Y 29
section obtain th.e factor 2..88. 110° 5.412.75 | 1.88 | 1.46
Groundspeed is 180k. Time be-
tween bearings is 3 minutes. You 120° 4.99 | 2.53 [1.73
have traveled 9 nm between bear- 5
ings. 9 x 2.88 = 25.92. ' 130 ey z2s
Af. 09:08 t!\e stcmonowcls at o 140° 1.70
relative bearing of 40° and you -
were approximately 26 nm from 150° 0.00
the station. —

RADIO RANGES

Your radio can be used for orientation in ways
other than taking bearings. It is to your advantage
to understand its every use. Commercial airlines
navigate by radio almost exclusively.

Radio procedures require a thorough knowledge
of signal tone structures. The best way to obtain
practice in recognizing signal tones and flying radio
ranges is voluntarily to take some instruction in the
Link trainer. After a few hours’ instruction you will
be familiar with the range system of orientation. For
further reference, study T.O. 30-100B-1, Instrument
Flying, Advanced. You can always find a copy at
Base Operations or in the base technical library.

By means of this study you will be able to orient
yourself with the range stations as follows:

1. Tune in two or more stations and fix your gen-
eral position by reference to the signals received
from each station. Then pinpoint your position by
pilotage.

2. You can use the one-station fix procedure out-
lined above to establish the number of miles you are
away from the station.

3. When you cross the beam of a radio range sta-
tion you can pinpoint your position by pilotage be-
cause the ‘“on-course” signal width is but 3°.

REV. No. 2

4. Use the automatic radio compass to find your
approximate position by following this procedure:

a. Tune the compass to a station you are passing.

b. Wait until the station is at a relative bearing
of 90°,

¢. Check the time and wait for 2 minutes.

d. At the end of 2 minutes check the relative
bearing of the same station.

e. Divide the number of seconds that have elapsed
by the number of degrees change in relative bearing.

f. This is the number of minutes you are from
the station and you obtain the bearing of the station
direct from the radio compass.

Example

At 09:03 the relative bearing of station RQ is 90°.
At 09:05 the relative bearing of station RQ is 100°.
120~ 10= 12 minutes.

At a groundspeed of 180k you are 36 nm from the
station and the station bears 100° from your heading.

5. You can home on a station by using the auto-
matic radio compass and keeping the relative bear-
ing at 0°.

6. You can check the quadrant of a station by fly-
ing an average bisector of the quadrant and listening
for the build or fade of the signal.
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YOUR RADIO OPERATOR CAN GET YOU TIME TiCKS S
BY USING THESE SIGNALS, FREQUENCIES, AND TIMES.l

The United States Naval Observatory at Wash-
ington, D. C. is the origin of all government time
signals broadeast in the United States and its pos-
sessions excepting the Philippine Islands. During
the transmission of the time signal, the radio sta-
tions at Arlington and Annapolis are automatically
controlled by wire from the Naval Observatory
transmitting device. The San Francisco signals are
controlled by a similar device located at the Mare
Island Navy Yard.

The transmission of signals begins at 55 minutes
0 seconds of some hour, and continues for 5 minutes.
Signals are transmitted on every second during
that time, except that there is no signal on the 29th
second of any minute, nor on certain seconds at the
ends of the minutes, as shown on the following
diagram:

SECONDS
50 51 52 53 54 55 56 57 58 59 60

55 | == - . wa | e - | 56
w2
[99] 56| o= | e - - | - - | 57
—
p—} 57 | ovs | om | aum - | e-m - | 58
=z
— 58 - - - [~ - | 59
= Lol ik

59 | == - | 60
REV. No. 2

1. Set to MVC
2. CW Oscillator ON
3. Crystal on IN

{ UNITED STATES

TIME SIGNALS

The dashes in the above diagram indicate seconds
on which signals are transmitted. The seconds
marked “60” are the zero seconds of the following
minutes. All seconds from 0 to 50 inclusive are
transmitted, except the 29th second as explained
above. The dash on the beginning of the hour
(shown as 59 minutes 60 seconds above) is much
longer than the others (1.3 seconds).

In all cases the beginnings of the dashes indicate
the beginnings of the seconds, and the ends of the
dashes are without significance.

The number of dashes sounded in the group at
the end of any minute indicates the number of
minutes of the signal yet to be sent.

Repetitions. In case of the failure of a signal, it
is repeated one hour later.

For ordinary commercial and navigational pur-
poses the time signals are sufficiently accurate as
broadcast.
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UNITED STATES— ATLANTIC COAST

Washington, D. C. (NSS) broadcasts time signals at the times and
wave lengths given below. Times are in GCT.

03:55 10 04:00......... 113 ke, 4390 ke, 9425 ke, 12,630 kec.
09:55 t0 10:00......... 113 kc, 4390 ke, 9425 ke, 12,630 ke.
15:55 t0 16:00......... 113 kc, 4390 ke, 9425 kc, 12,630 k.
21:55 to 22:00......... 113 kc, 4390 k¢, 9425 ke, 12,630 ke.

The time given is the start of the 5 minute period.

System: United States system. Accuracy: Average error .02 second.
Source: Naval Observatory, Washington, D. C.

UNITED STATES—PACIFIC COAST

San Francisco (Mare Island), Calif. (NPG) broadcasts time signals at the times
and wave lengths given below. Times are in GCT.

02:55 to 03:00......... 115 ke (2609 m), 9090 ke (33 m), 12,540 ke (23.9 m); Al.
07:55 t0 08:00......... 115 ke (2609 m); Al.
14:55 to 15:00......... 115 kc (2609 m), 9090 ke (33 m), 12,540 ke (23.9 m); Al.
16:55to0 17:00......... 115 ke (2609 m); Al.
19:55 to 20:00......... 115 kc (2609 m); A1.

23:55t0 24:00......... 115 ke (2609 m); A1,

System: United States system.

Accuracy: Normally correct to less than 0.1
second, except the 08:00, 17:00, 20:00, and
24:00 signals, which are normally correct
to less than 0.5 second.

Source: Crystal clock synchronized with
the Naval Observatory, Washington, D. C.

HAWAIIAN ISLANDS

Oahu (Honolulu) (NPM). Times are in GCT.

03:551t0 04:00......... 113 ke (2653 m), 9090 ke (33 m), 12,540 ke (23.9 m); Al.

15:55t0 16:00......... 113 ke (2653 m), 4390 ke, 9090 ke (33 m), 12,540 kc
(23.9 m); Al.

19:55 to 20:00......... 113 ke (2653 m), 9090 ke (33 m); Al.

System: United States system. Accuracy: Normally correct to less than 0.1 second.
Source: Rebroadcast of the San Francisco (NPG) time signal by automatic relay.

PANAMA CANAL ZONE

REV. No. 2

Balboa (Summit) (NBA). Times are in GCT.

04:55 to 05:00......... 148 k¢ (2027 m), 2716 ke, 5540 ke (54.12 m),
and 11,080 kc (27.06 m); Al.
16:55 10 17:00......... 148 kc (2027 m), 2716 k¢, 5540 kc (54.12 m),

and 11,080 kc (27.06 m); A1l.
System: United States system. Accuracy: Normally correct to less than 0.1 second.
Source: Rebroadcast of the Washington- Arlington time signal by automatic relay.
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GREAT BRITAIN
AND TRELAND

REVISED APRIL, 1945 NIF 2-25-3

British Broadcasting Company

The BBC time signal consists of the automatic
transmission by the standard clock at Greenwich
Observatory of 6 dots (+ * + *+ ¢ ), one for each
of the last 6 seconds of each minute, thus:

Seconds: 55th, 56th, 57th, 58th, 59th, 60th.

Dots: ® o ° ° [ °

The final dot is the time signal. Accuracy: Normal

error 0.1 second.

00—

The time signals are transmitted as follows:

BBC HOME SERVICE

Wave:

Time:

6180 kc (48.54 m), 1474 kc (203.5 m), 767 kc {391.1 m), 668 kc (449.1 m)
07:00, 09:15, 12:00, 16:00, 17:00, 23:00. (Sundays: 08:00, 12:00, 16:00, 17:00, 23:00)

BBC FORCES SERVICE

1013 ke (296.15 m), 877 ke (342.1 m)
Hourly from 06:00 to 20:00, except 10:00

Wave:

Time:

BBC OVERSEAS SERVICE

Wave:

BBC VARIOUS

REV. No. 2

Thirteen of the stations listed below are included in the service performed by the
Daventry station, located at 1° 08’ W, 52° 15’ N. The locations of the remaining stations
are listed only in classified documents.

ke
(GRB)Fe s SN, 6010
(GREW T rn, 2880
(GRD)...... 15,450
(GREy=. 72, 12,095
(GRG)...... 11,680
(GRH)....... 9825
(GRJ)....... 7320
(GRM)....... 7120
(GRP)...... 17,870
(GRS)....... 7065

ke ke

Wave: (GSH)...... 21,470
(GRV)...... 12,040 (GSIFErs % 8 15,260
(GRWHS ¥ k. . 6150 (GSIErvsTy 6110
(GRX)....... 9690 (GSNYESS T 11,820
(GRY)....... 9600 (GSO). ..... 15,180
(GSBY 5 ... 9510 (GSP)NEEES, 15,310
(GSC)....... 9580 (GSU). ...... 7260
(GSD)...... 11,750 (GSV)....... 17,810
(GSE)....... 11,860 (GSW)....... 7230
(GSRIFFEE-LY. 15,140

Time: Every hour except 10:00 and 21:00; on Saturdays only at 12:30 by (GSP).
Signals are transmitted on groups of frequencies selected from the above list.

SERVICES

In addition to the times listed under BBC OVERSEAS SERVICE, signals are transmitted
from (GRN) on 6195 ke from 01:00 to 24:00, and on 583 kc from 05:00 to 22:00.
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FOREIGN TIME SIGNALS

The following radio time signals are those muost
commonly used by stations in foreign countries.

International (ONOGO) System

This system was adopted at the Conference In-
ternationale de ’Heure, 1912, It is better known as
the ONOGO system because of the sequence of

SIGNAL TIMES
m. s. m.
Series of X's sent every 5 seconds 57 00 to 57
Cette OB o o e o 57 55 to 58
letf e INENmREN N e, 58 08 to 58
letted NI IRAY i . 58 18 to 58
et e g NI I s 58 28 to 58
Fetterd NERARST = oy [ L 58 38 to 58
Letie siNEEFS o et 58 48 to 58
0G0 (9 & o Ao s s 58 55 to 59
L0 (O8 agia e L R 59 06 to 59
Uetie EGRRT o i e e, 59 16 to 59
et e R G o et cmee sro are o 59 26 to 59
Pette G LS. % & s 59 36 to 59
Pette GRS Nn o ses v o0 59 46 to 59
et e r O R e 59 55 to 00

the Morse letters used in the time code. The trans-
mission of the actual time signals lasts for three
minutes. As transmitted by the majority of stations
the signals proper are preceded by preparatory sig-
nals designating the respective stations.

The signal proper lasts three minutes and is sent
as follows:

DIAGRAM

s.

(s SR et - (5
OO0 55 55—56 57—58 59—60
O M i Stz 08—09 .10

207 Z 18—19 .20

&J0) B 366 oB 28—29 .30

Q0% W, 2PN 38—-39 .40

507 i 48—49 .50

00!, .io= g 5556 57-58 59—60
0T & e & 06—07 08-09 .10

200 STy s 16—17 18-19 .20

0L 26—27 28—-29 .30

40} 2 (X1 N 36—37 38-39 .40

50 s mnlt 46—47 48-—-49 .50

OOl Fr L e 55-56 57-—-58 59-—-60

In the transmission of the signals ONOGO, each dash (—) = 1 second,

and each dot (.)

0.25 second. The end of the final dash in the

letter O (---) represents an even minute and is taken as the time signal.

b

New International System (Modified ONOGO)

The International Time Commission, July, 1925,
recommended that the International (ONOGO) Sys-
tem of radio time signals be amended, by the sub-
stitution of 6 dots (e) sent at the 55th, 56th, 57th,
58th, 59th, and 60th seconds of each minute, instead
of the 3 one-second dashes that commence at the
55th, 57th, and 59th seconds of the last 3 minutes,
and which constitute the time signals. Dots are easier
to read than the beginnings and ends of dashes.

This merely means that dots replace the 3 dashes
at the 58th, 59th, and 60th minutes.

Rhythmic System

This is the New International System of rhythmic
wireless time signals.

From the 55th minute of the hour to the hour, a
series of dots are transmitted, 60 dots per minute.
At the end of each minute, there is a dash of 0.4
second duration. The beginnings of the dashes must
be used, not their endings.
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Loran is long-range navigational equipment used
to determine the exact geographic location of an air-
plane in flight. Radio signals consisting of short
pulses are broadcast from pairs of special shore-
based transmitting stations. The airborne Loran re-
ceiver intercepts these signals and its indicator
measures the difference in their time of arrival, to
an accuracy of two microseconds (millionth of a
second). You refer this measured time difference
to a Loran chart showing numbered lines of position.
Cross two lines of position, determined from two
pairs of transmitting stations, to obtain a fix.

Loran lines are fixed with respect to the surface
of the earth.

Radio Set AN/APN-4 consists of Indicator ID-6/
APN-4, Receiver R-9/APN-4, and Group A parts for
installation. Total weight installed is approximately
70 pounds and power requirement is approximately
2635 va.

Radar Set AN/APN-9 differs from Radio Set
AN/APN-4 in these respects:

Both the indicator and receiver are in one con-
tainer (Receiver-Indicator R-65/APN-9).

The sweep on the cathode ray tube is logarithmic
rather than linear.

It has a three-inch cathode ray tube with'a mag-

REV. No. 3

REVISED JULY, 1945 NIF 2-26-1

RADAR SET
AN/APN-9

RADIO SET AN/APN-4 AND
RADAR SET AN/APN-9

nifying lens, instead of a five-inch tube, but the pre-
sentation is similar.

Total weight installed is approximately 35 pounds
and power requirement is approximately 190 va.

The maximum range using ground waves is ob-
tained during the day over water, but is reduced at
night when the atmospheric noise increases. Over
land the range of the ground waves is greatly re-
duced at the surface. A slight increase is obtained at
altitudes exceeding 3000 feet. You obtain no appre-
ciable change in signal strength over the sea by in-
creasing your altitude.

Accuracy

The accuracy of Loran positions is ordinarily
greater than that obtained by celestial navigation.
You can expect errors of less than one-half mile in
favorable locations under good -conditions. In un-
favorable locations under poor conditions, errors
range from five to 10 miles.

The accuracy of a Loran line of position depends
on the following:

1. Synchronization of the transmitting stations.

2. Accuracy of matching and reading the signals
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on the receiver-indicator.

3. Your position relative to the stations.

4. Accuracy of sky-wave corrections.

5. Sweep-speed calibration and station-selector
calibration. :

If the error of synchronization exceeds the tolera-
ble limit, usually set at plus or minus 2 microsec-
onds, one or both stations blink their signals. There
are two types of blinking: The signals either go off
and on, or they jump back and forth by 1000 micro-
seconds every few seconds.

Cautions:

Do noti attempt to read a signal that is blinking.

The accuracy of your readings of the receiver-
indicator depends largely upon care and judgment.

The separation of Loran lines, which governs the
accuracy of the system, is a function of distance and
direction from the transmitting stations. The rela-
tive accuracy of Loran over the coverage area is
apparent from the spacing of the lines on the charts.

The most favorable position, in seeking to obtain
minimum separation between lines of position, is on
the base line between transmitters.

When you take a reading by matching the first
sky wave from each station of a pair, you must cor-
rect the reading to the equivalent ground-wave read-
ing. Sky-wave corrections, in microseconds, are tab-
ulated on the charts for each pair of stations, at
points separated by whole degrees of latitude and
longitude. ;

Identification

You identify station pairs by the radio-frequency
channel and pulse-recurrence rate (PRR). A num-
ber of pairs of Loran stations operate on the same
radio frequency, but each pair operates at a differ-
ent PRR. You can select a particular pair of stations
by switching to its PRR, which makes the indicator
sweep-recurrence rate the same as that of the re-
ceived signals.

Loran recéivers have four fixed, tuned channels;
two basic pulse-recurrence rates (high and low);
and a station-selector switch which selects the spe-
cific recurrence rate.

Each station pair has a three-character identifica-
tion symbol by which you identify LOP’s on your
Loran chart. For example, 2L.5-4039 indicates LOP
4039 (absolute time difference of 4039 microseconds),
obtained from a pair of stations operating on channel
2 with basic recurrence rate L. (low) and specific
recurrence rate 5. By changing the specific recur-
rence rate you obtain another pair of stations and
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a new identification. They are on the same frequency
and have the same basic recurrence rate but a new
specific recurrence rate. Cross the LOP’s from each
of two pairs of stations to obtain a fix.

For operation, pulse-matching procedure, and
measuring time difference, see Handbook of Operat-
ing Instructions, 08-30APN4-2, and AN 08-30-
APN9-2.

AN/APN-4 Operational Alignment Procedure

1. Turn the equipment on, and allow at least five
minutes for the tubes and associated circuits to reach
operating temperature.

zl'.l. /1!.

SWEEP SPEED POSITION 5

2. Turn the STATION switch to 0 and the
SWEEP SPEED switch to position 5. With a screw-
driver, turn the screw marked A on the front panel
of the indicator. It is adjusted when there are five
10-microsecond spaces between each pair of 50-
microsecond markers. By turning screw A, you can
reduce this number to four spaces or increase it to
six spaces. Position the screw in the middle of the
region within which the proper value remains un-
changed on the trace.

!= amm-———*'

SWEEP SPEED POSITION 6

3. Turn the SWEEP SPEED switch to position 6.
Turn the FINE control until two 500-microsecond
markers are visible on the B (bottom) trace. With
a screwdriver, adjust the screw marked B on the
front panel of the indicator. It is adjusted when
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there are ten 50-microsecond spaces between 500-
microsecond markers. Position the screw in the
middle of the region within which the proper value
remains unchanged on the trace.

Note that the 50-microsecond markers do not co-
incide exactly with the 500-microsecond markers.
This is normal and does not affect the reading of time
difference. Count the incomplete 50-microsecond
space at the left as a complete space.

SWEEP SPEED POSITION 7

4. Turn the SWEEP SPEED switch to position 7.
With a screwdriver, adjust the screw marked C on
the front panel of the indicator. It is adjusted when
there are five 500-microsecond spaces between 2500-
microsecond markers. Center the screw in the region
where this condition remains unchanged.

5. With the SWEEP SPEED switch at position 7,

adjust the screw marked D until you find the proper
number of 2500-microsecond spaces. For basic rate
L (25 per second), there should always be eight
2500-microsecond spaces. For basic rate H (3314
per second) there should be six 2500-microsecond
spaces. Center the screw in the region within which
the proper value remains unchanged on the trace.

6. Return the SWEEP SPEED switch successively
through positions 7, 6, and 5, noting the appear-
ance of the markers in each case. You may find it
necessary to readjust the screws slightly to insure
that each is in the middle of the range over which
you found proper adjustment.

7. Return the SWEEP SPEED switch to position
7. Note the position of the A pedestal. The left-hand
edge of the A pedestal should be directly on the
first 2500-microsecond marker from the left-hand
end of the A trace. If the A pedestal is not in this
position, adjust the A delay screw on the right side
of the indicator through the hole nearest the front
panel. The position on the A pedestal rarely, if ever,
requires adjustment in routine operation. Ordinarily
this adjustment is made by the maintenance me-
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chanic during bench tests of the equipment.

8. Turn the SWEEP SPEED switch to position 6.
Turn the COARSE and FINE controls to the left
index marks. Adjust the screw marked ADJ. 200
until four 50-microsecond spaces appear between the
first 500-microsecond marker on the B trace and the
first 500-microsecond marker on the A trace.

9. Turn the FINE control to its right index mark.
This should add 500-microseconds. Adjust the screw
marked ADJ. 700 until four 50-microsecond spaces
appear between a 500-microsecond marker on the B
trace and the 500-microsecond marker to its right
on the A trace.

10. Turn SWEEP SPEED switch to position 7.
Turn the COARSE and FINE controls to the left
index marks. Adjust the screw marked ADJ. 0 until
the B pedestal is under and slightly to the right of
the A pedestal.

11. Turn the COARSE control to the right index
mark. Turn the screw ADJ. 10,000 until the left edge
of the B pedestal is slightly more than 10,000 micro-
seconds to the right of the left edge of the A pedestal.

There is a considerable interlocking between
ADJ. 0 and ADJ. 10,000, as well as between ADJ.
200 and ADJ. 700. You will probably have to repeat
the adjustment successively in each pair to obtain
the final settings.

Summary: Steps 8, 9, and 10 are made merely to
assure that the COARSE and FINE controls have
their proper ranges of adjustment. Improper setting
of these controls does not affect the accuracy of
reading, but may affect the ability of the equipment
to match pulses when the time differences are at the
extremes of the range of measurement.

12. Then check the settings of the STATION
switch. This is an important step, because improper
setting of this control may result in mistaking the
specific rate of a particular pair of stations, with con-
sequent error in plotting the corresponding line of
position. Set SWEEP SPEED switch to position 8.
Set the STATION switch to position 0. A pattern of
dots appears on the face of the scope.

13. Turn the STATION switch to position 1. One
dot in one of the vertical columns of dots disappears.
This dot is the second dot from the bottom in that
particular vertical column. If this dot does not dis-
appear or if two dots disappear, turn screw marked
E until just one dot disappears. Leave the screw in
the center of the range within which this condition
remains on the trace.

Note that you can move the position of the column
of dots by turning the COARSE control. Center the
significant column on the face of the scope.
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14. Turn the STATION switch to position 2. Ad-
just screw marked F until a second dot disappears
just above space vacated by the spot in step 13.
Leave the screw in the center of the range within
which this condition remains unchanged on the
trace.

15. Repeat the same procedure with the STA-
TION switch successively in positions 3, 4, 5, 6, and
7. The dot pattern respectively should show rows
3,4, 5, 6, and 7 missing. On STATION switch 7 one
dot remains at the bottom of the column and two
dots at the top.

16. Then return the STATION switch through
all positions (0 through 7) and observe the dot pat-
tern to be sure that the proper number of dots is
omitted in each case.

See T. O. 08-30APN4-2.

You must become thoroughly familiar with the
counter indications so that you will notice any de-
viations while the set is operating. Operating re-
sults are correct only if the counter and station rates
are adjusted correctly. If you cannot synchronize
them, results are too inaccurate to use.

Check the counter and station rates as follows:

1. Turn the FUNCTION switch to position 4.

2. Turn the PRR switch to position H.

3. Count three 5000-microsecond intervals be-
tween the extreme right and left ends of the trace.

4. Count five 1000-microsecond intervals between
the 5000-microsecond markers.

5. Turn the PRR switch to position L.

6. Count four 5000-microsecond intervals between
the extreme right and left ends of the trace.

7. Count five 1000-microsecond intervals between
the 5000-microsecond markers.

8. Turn the FUNCTION switch to position 5.

9. Count five 10-microsecond intervals between
the 50-microsecond markers on the lower trace.

10. Count two 50-microsecond intervals between
the 100-microsecond markers on the upper trace.

11. Count five 100-microsecond intervals between
the 500-microsecond markers on the upper trace.

12. Count two 500-microsecond intervals between
the 1000-microsecond markers on the upper trace.

13. Observe the STATION rate markers on the
lower trace. Set the STATION switch at 0 and
count the number of 50-microsecond intervals be-
tween the crosshair and the first STATION rate
marker. Repeat this operation for STATION rate
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settings 1 through 7. The count must agree with the
table below:

STATION SWITCH 50-MICROSECOND

SETTING INTERVALS
0..... 050 0.8 o0 00 O 8k 8
Vo 8odcoao0n00b0:0000 7
73055 000000090000 ...6
... 5000900000 )
4. 5000094000 . ..4
5....... 000 50 ceee.3
gosboc 660600 e 2
7/6156 66050 0600000000c U

14. With the STATION switch set at position 4,
move the RIGHT-LEFT switch to RIGHT and
count the two 50-microsecond intervals between the
crosshair and the first STATION rate marker.

15. Repeat the last two steps with the PRR switch
set at H and L positions.

You can make adjustments in flight if these in--
dications show a faulty count or station rate adjust-
ment. Procedure is outlined in Section IV, paragraph
2, of ANO08-30APN9-2, Handbook of Operating
Instructions.

The set should be realigned in a maintenance shop
as soon as possible after any adjustments have been
made.

Special Uses of Loran

Homing or following a particular LOP is a tech-
nique especially adaptable to Loran:

1. Select from your charts a Loran line which
passes through your objective.

2. Determine its reading and station pair.

3. Set up reading and station pair characteristics
(channel, basic, and specific recurrence rates).

4. Set a course to cross this line, and when the
pulses appear matched on the indicator you have
crossed the desired LOP.

5. Change heading to keep the pulses super-
imposed. This holds you on a course along the
desired LOP. Take fixes by readings from another
pair of stations, until you reach your objective.

Another application is SS (sky-wave synchroniza-
tion) Loran, wherein you maintain synchronization
between the ground stations by sky waves and ex-
tend the distance between transmitting stations.
Operation of SS Loran is restricted to night flights,
when you can obtain sky waves consistently. SS
Loran gives increased range and coverage and you
can arrange the stations to give larger angles of
crossing for LOP’s.
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Solar System

The whole solar system is moving through space
as a unit. While this motion is rapid as compared
with the individual motions of the earth and other
planets, it is slow in relation to the great distance
from the solar system to the stars.

Although the stars have motion in relation to
each other, they are at such great distances from
the earth that their movement is imperceptible and
their positions are considered fixed.

The Sun

The sun is a star whose axis revolves in a small
orbit only 280 miles in diameter. This is an insignifi-
cant distance when compared with the distance of
the planets from the sun, and the sun is considered
fixed in relation to the earth and the other members
of the solar system.

The Planets

The planets, of which the earth is one, rotate on
their own axes and revolve around the sun.

The orbits of all planets lie nearly in the same
plane, the maximum inclination being about 23°.
The earth has a rotation from west to east on its
polar axis once each day. The earth also revolves
in a counter-clockwise direction (as viewed from
the north) in an elliptical orbit around the sun.

The plane of the earth’s equator is inclined at an
angle of 23° 27’ to the plane of the earth’s orbit. This
inclination of the earth’s axis causes the four seasons
of the year.

The other planets are divided into the two general
classifications of superior and inferior planets. The
inferior planets are so named because their orbits
are closer to the sun than that of the earth. Those
farther away are called superior planets.

The Moon

Of the satellites which revolve around the planets,
the only one of interest to navigators is the moon,
which revolves around the earth. It is the only heav-
enly body relatively near the earth (average distance
239,000 miles). It gives no light except the reflection
of the sun’s rays. The moon in its orbit around the
earth moves to the eastward and therefore moves in
opposition to the rotation of the earth. Thus it is that
the moon rises approximately an hour later on each
succeeding night.
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CELESTIAL RUAZZLFRANIE R

CELESTIAL AIR NAVIGATION IS THE ART OF
DETERMINING THE POSITION OF YOUR
AIRPLANE BY THE AID OF CELESTIAL BODIES

The zenith (Z) of an observer on the earth’s sur-
face is the point on the celestial sphere directly over-
head. The nadir is the point on the celestial sphere
directly beneath the observer.

The celestial horizon is the great circle of the ce-
lestial sphere formed by passing a plane through the
center of the earth perpendicular to the straight line
joining the zenith and nadir. The celestial horizon is
different from the visible horizon, which appears to
mark the intersection of the earth and sky. The dif-
ference between the celestial and the visible hori-
zon arises from two causes:

a. Your eye is always elevated above sea level.
This gives you a range of vision exceeding 90° from
your zenith. This range of vision exceeding 90° is
called dip of the horizon.

b. Your actual position is on the surface of the
earth instead of at its center where the celestial
horizon passes through the earth. This difference in
horizon is called parallax.

An artificial horizon is the true celestial horizon
determined by some mechanical device such as the
bubble in your sextant. This is the horizon used in
aerial navigation because the visible horizon is of no
value to you. The artificial horizon is always as-
sumed unless otherwise qualified.

Vertical circles are great circles of the celestial
sphere which pass through the zenith and the nadir.
Your prime vertical is the vertical circle whose plane
is at right angles to the plane of the meridian on
which you stand.
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The altitude (H) of any point on the celestial
sphere is its distance above the horizon, measured
upon the vertical circle passing through the point in
degrees of arc. When you calculate the altitude of a
body as it appears from a point of known latitude
and longitude by any one of the several trigonomet-
ric methods available, call it the computed altitude,
(Hc). When you measure the altitude of a body with
a sextant, name the reading of the vernier scale as
the sextant altitude, (Hs). When you correct the sex-
tant altitude (Hs) for all errors of observation you
get the true observed altitude, (Ho).

The zenith distance of any point is its distance
from the zenith, measured in degrees of arc upon
the vertical circle passing through the point. The
zenith distance of any point that is above the horizon
is therefore equal to 90° minus the altitude.

The azimuth of any point on the celestial sphere
is the angle at your zenith between your meridian
and the vertical circle through the point. Express
the angle in degrees of arc. Measure it from either
the north or south, to the east or west, to either 90°
or 180°. Name it accordingly; N 50° E, or S 130° E.
For convenience in plotting, if you are in the North-
ern Hemisphere measure the azimuth from the north
to the right (clockwise) from 0° to 360°. Abbreviate
this azimuth as Zn and do not precede it or follow it
by directional abbreviations.

The equinoctial or celestial equator is the great
circle formed by extending the plane of the earth’s
equator until it intersects the celestial sphere.

The celestial poles are the two points where the
extended polar axis of the earth intersects the celes-
tial sphere. Name the elevated pole the same as your
latitude upon the earth.

Hour circles or celestial meridians are great circles
of the celestial sphere passing through the poles.
Form them by extending the planes of the respective
terrestrial meridians until they intersect the celes-
tial sphere. Meridians and hour circles are identical.
The hour circle containing the zenith is the celestial
meridian of the observer, or your meridian.

The upper branch of the celestial meridian is that

half which lies on the same side of the poles as your
zenith. The lower branch is the opposite half.
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The declination of any point on the celestial sphere
is its angular distance from the celestial equator
measured on the hour circle which passes through
that point. Designate it as north or south according
to the direction of the point from the celestial equa-
tor. You can designate north declinations by a plus
sign and south declinations by a minus sign; how-
ever, it is better practice to label declinations with
the prefixes N or S, because the plus and minus signs
are not meant to signify that N declination is always
additive and S declination subtractive. Declination
upon the celestial sphere corresponds with latitude
upon the earth. By observing a celestial body at the
instant it crosses your meridian you can determine
your latitude. See Meridian Altitudes.

The polar distance of any point is its distance from
the pole, measured upon the hour circle passing
through the point in degrees of arc. It is equal to 90°
minus declination, if you measure it from the pole of
the same name as declination, or 90° plus the decli-
nation, if measured from the pole of opposite name.
You can also refer to it as co-declination as it is
equal to 90° minus declination.

The local hour angle (LHA) of any point is that
angle at the pole between the meridian of the ob-
server (your meridian) and the hour circle passing
through the point. Always measure it to the east or
west from 0° to 180°. The principal exception to the
180° east or west method of measuring local hour
angle is when you define the local hour angle of the
vernal equinox. In this case measure the LHA from
your meridian toward the west as a positive direc-
tion to 360°. The use of the Air Almanac has made
it unnecessary for you to express hour angle in units
of time. The local hour angle of a celestial body is
merely the difference in longitude between your po-
sition and the celestial meridian through the body.

The Greenwich hour angle (GHA) of a heavenly
body is the angle at the pole between the meridian
of Greenwich and the hour circle of the body. Al-
ways measure it from the meridian of Greenwich
to the west through 360°.
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The ecliptic is the great circle representing the
path in which the sun appears to move by reason of
the annual revolution of the earth. The plane of the
ecliptic is inclined to the plane of the celestial equa-
tor at an angle of about 23° 27’.

The equinoxes are the two points where the
ecliptic intersects the celestial equator. The point
where the sun appears to pass from southern to
northern declination is called the vernal equinox or
the first point of Aries, and designated by the sign
of the ram’s horn. Use the hour circle through the
vernal equinox as the origin for locating stars on
the celestial sphere, just as you use the meridian
through Greenwich as the origin of longitude on
the earth. The other point is called autumnal equinox
and it is on the other side of the earth from the
vernal equinox. The vernal equinox is a definite
point in the heavens, even though it is not visible.

The solstices are points on the ecliptic at a distance
of 90° or 6 hours from the equinoxes. In the North-
ern Hemisphere the summer solstice is the point
where the sun appears to be at its greatest distance
north of the equator, when the period of daylight is
the longest. The winter solstice is the point where
the sun appears to be farthest south of the equator,
when the period of daylight is the shortest.

The right ascension (RA) of any point on the ce-
lestial sphere is the angle at the pole between the
hour circle passing through the vernal equinox, and
the hour circle through the point. It is measured
from the hour circle of the vernal equinox eastward
as a positive direction, from 0 hours to 24 hours.
Always measure right ascension in hours and
minutes and never in degrees of arc.

The sidereal hour angle (SHA) of any point on the
celestial sphere is the angle at the pole between the
hour circle passing through the point and the hour
circle passing through the vernal equinox. Measure
sidereal hour angle from the hour circle of the vernal
equinox westward, from 0° to 360°. Sidereal hour
angle is expressed in degrees whereas right ascen-
sion is expressed in units of time,

The instant at which any point of the celestial
sphere is on your meridian is the time of transit,
culmination, or meridian passage of that point. When
the passage is over the half of the meridian which
contains your zenith, it is in upper transit; when
over the half containing the nadir, it is in lower
transit. By observing a body as it passes over your
meridian you can obtain your latitude.
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ERRORS IN OBSERVATIONS

Errors

Learn how to compensate for all known causes of
error. Remember, sextants are delicate and accurate
optical instruments, and must be protected.

Never touch the index glass with your fingers or
let any object strike it. Touching the glass leaves a
film which makes it harder to see the bubble and
celestial body while taking observations.

When making sextant observations in the air, you
must take into account the following errors:

Sextant Error

There is an error in the instrument which is due
to faulty adjustment of the bubble or the index
prism. When you have found the error (see NIF
3-3-2), either apply it in reverse to the Hs (sextant
altitude), or remove it by zeroing the sextant.

EARTH'S:

Atmospheric Refraction

This error in the observation is due to the light
ray being bent toward the vertical by the earth’s
atmosphere. It is always a subtractive correction.
This correction has been taken care of in the solu-
tions by HO 218, Star Altitude Curves and Astro-
graph, for flight level of 5,000 feet. If the flight level
differs greatly from 5,000 feet, or, if using one of the
other solution forms to obtain the He, you must
apply the correction for refraction to the Hs, using
the tables at the back of the Air Almanac.

Dome Refraction

This is an error in observation introduced by
shooting through a glass dome. This error usually
increases with altitude, from about 0 to 10 minutes.
To determine the error for your airplane:

1. Determine the sextant error acecurately.

2. Shoot a series of observations through the glass
dome. Use a range of altitudes.

3. Plot these shots against a computed curve in
which refraction and sextant corrections have been
applied in reverse.

4. The difference of altitude between your shots
and the curve is the dome refraction. Make a critical
table of the corrections similar to: -

Hs Correction
20°
25° &
35° i
505 el
65 *7‘
80°

Parallax

This error is introduced by assuming that you are
at the center of the earth instead of at the earth’s
surface. This error is negligible except for observa-
tions of the moon. The parallax correction, which is
always added to the Hs in observations of the moon,
is determined from the tables in the Air Almanac.

Acceleration Error

This is an error in observation caused by the air-
plane movement which deflects the bubble so that it
does not indicate true vertical. You can minimize this
error by following these suggestions:

1. Notify the pilot when you are about to start
shooting so he will hold the airplane steady.

2. Start shooting on an even minute and continue
shooting for two minutes to average out acceleration
errors which are due to the motion of the ship.

3. Use bubble about twice as big as the sun. A
small bubble is sluggish and gives poor results.
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CORRECTION FOR

CORIOLIS ACCELERATION

€
‘C

Coriolis Force

This error in observation is due to the rotation
of the earth. This error increases with latitude and
speed of the plane. Take care to determine whether
the correction is enough to warrant the additional
computation. Remember, the correction is at a
maximum on beam shots.

Translate all lines right in Northern Hemisphere,
left in Southern Hemisphere, perpendicular to track.
Correction is in statute miles if your groundspeed
is in statute miles, nautical miles if your ground-
speed is in nautical miles.

Note explanation of “Z Correction for Bubble
Sextant” which is combined with wander of the air-
plane caused by gyro precession. This correction is
found in the rear of the Air Almanac.

You can overcome personal error only by constant,
persistent practice.

Checking Sextant Error

Sextant error is the difference between what the
sextant reads and what it should read if the instru-
ment were in perfect adjustment.

1. The simplest and most accurate method of de-
termining the sextant error is by using the colli-
mator. Merely collimate the crosshairs or the star in
the collimator with the bubble in the sextant and
read the scale. If the scale reads above zero, the
error is plus; if below zero the error is minus. Make
certain that the collimator is level before checking
the sextant.

2. If near a large body of water, you can use the
natural sea horizon as a reference. Set the sextant
on a stand, table, or place it in a clamp. Determine
the height of the instrument above the water level.

Split the bubble with the sea horizon. Apply dip
correction to the sextant reading (you can find the
amount of the dip correction from the back of the
Air Almanac, but you must add it, not subtract it).
The difference between the corrected sextant reading
and zero is the sextant error.

3. If you know the altitude of the natural land
horizon (determine it by means of a surveyor’s
transit or a sextant of known error) you can check
the sextant on it. The sextant error is the difference
between the sextant reading and the correct altitude
of the horizon.

4. Construct a curve of the altitude of a celestial
body. Plot He plus refraction, and minus parallax
when shooting the moon. Compare with the sextant
altitudes to obtain the sextant error. This method
permits checking the error of the sextant at the alti-
tudes which are most generally used.

5. If you set up a light or a pole at the same
height as the sextant, 1,000 or more feet away, by
means of a surveyor’s transit or by a sextant with a
known error, you can find the sextant error.

Remove the Error

After you have determined the sextant error you
can remove it partially or completely by the methods
described for each type of sextant. You should check
the error frequently as it will change from time to
time. Apply the sextant error mathematically in re-
verse to the Hs, if it is impractical to remove it.
This is known as sextant correction.

It is a good idea to determine the altitude of some
distant point from a place near the operations build-
ing and check your sextant just before takeof}.

Place a card with sextant number and error, date
of check, and your name and rank in sextant case.
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SEXTANTS

Know your sextant. The success of a vital mission,
the lives of your fellew crew members, and the
safety of your airplane are all dependent upon the
accuracy of your calculations. They, in turn, depend

upon the accuracy of your instruments and the skill

with which you use them.

Tips

Always remove batteries from the sextant con-
tainer as soon as your mission is completed. Corrod-
ing batteries ruin the rheostat and vernier-light
battery case.

Keep the index mirror clean and free from greasy
fingerprints. If the mirror does get dirty, clean it
with lens paper or a well-washed handkerchief.

Severe changes of temperature may cause the
index mirror to crack or break. Don’t leave the in-
strument near a heating tube and then use it in a
cold turret.

When you open the sextant case after a quick drop
in temperature, moisture condenses on the sextant
mirrors. To combat this, open the sextant case be-
fore you climb to a high altitude.

Batteries do not work well in extreme cold, so
keep spares in a warm place, such as the pocket of
your jacket, and replace them as often as necessary.

Always carry spare parts such as bulbs, batteries,
and pencil leads in your sextant case.

Use a collimator tube, a precomputed curve, or
a natural sea horizon to determine the amount of
index error in your sextant. Do not attempt to re-
move the error. Note it and correct all subsequent
observations by this amount. For any adjustments
to your sextant consult an instrument specialist.

If your sextant requires the use of recording discs,
be sure to keep them away from the heating tube of
your airplane. If the case becomes hot, the wax on
the discs melts and the whole supply sticks together.

If your sextant has a vapor bubble, be sure to
release the bubble from the chamber during ascents,
descents, and when you put the sextant away.
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A-12 SEXTANT

Operation

There are two methods of using the sextant:

1. When you observe the sun, use the eyepiece
and sunshades. You then are observing it indirectly,
because the index glass reflects it to your eye.

2. When you observe the stars, use the direct
method of sighting. This simplifies star finding and
lessens the chance of observing the wrong star.

Median (Average) Sights

Take a series of shots, pressing the marking lever
each time the body appears in proper position rela-
tive to the bubble. Take these shots only a few
seconds apart.

It is good practice to observe a body for a period
of one or two minutes in order to obtain the average
time of the observation more readily.

Obtain the median reading in this manner:

1. If your shots are evenly spaced, use the middle
mark on the rim of the drum. Rotate the drum until
this mark is under the marking pencil. Then read
the scale.

2. If your shots are not evenly spaced, rotate the
drum until the visual average seems to be under the
marking pencil. Your ability to estimate the correct
median improves with practice.

Bubble

This sextant has a fixed bubble. The bubble as-
sembly includes a bubble housing, two lenses with
seals and locking rings, a filler hole, and xylene
bubble fluid.

Optics

The index mirror is clear glass and optically flat.
A clamp secures it on the same shaft that carries
the sextant arm. With proper adjustment there is
no lost motion between the arm and this mirror.

The lens tube assembly transmits the image of
the bubble downward vertically from the bubble as-
sembly and then up at an angle to the index
mirror and your view.

The real field of the sextant is approximately 12°.

See T.O. 05-35-15.
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A-7 SEXTANT

Hold the instrument in both hands. Your right
hand operates the micrometer drum while your left,
besides furnishing additional support, operates the
shade glass holder and the astigmatizer knob. When
you use the artificial horizon, move the horizon shut-
ter knob to its extreme position in the direction
opposite that of the arrow. This keeps any direct
horizontal light from entering the telescope.

Operation

1. Before taking a reading with this sextant, be
sure to set the ratchet of the averaging device at 0 and
adjust the pencil properly to give fine legible lines.

2. Sight through the instrument and bring the
image of the celestial body into horizontal coinci-
dence with the bubble.

3. To record the observation, press the trigger by
moving your right thumb backwards without taking
that hand off the sextant.

4. Repeat this procedure, without re-setting the
ratchet, until you have recorded the desired number
of observations.

5. Note the number in the ratchet and select the
middle reading.

6. Having determined the middle reading, locate
its pencil mark on the micrometer drum cover.

7. Align the pencil mark of the average reading
with the end of the pencil.

8. Note the reading on the worm scale dial and
micrometer drum scale. This quantity is the average
angular altitude determined by the observations.
The time of the observation is the median time be-
tween the start and finish of your observation.

Bubble

The bubble assembly whnich forms the artificial
horizon consists of a field lens, bubble chamber,
bottom glass, and diaphragm chamber with cap. A
vapor bubble forms in the bubble chamber which,
together with the diaphragm chamber, is filled with
xylene. The bubble is formed and controlled in size
by the deflection of a flexible diaphragm, which
forms a wall of the chamber on the side of the bubble
assembly. Control the deflection by turning the nut
on the diaphragm cover. Radioactive luminous ma-
terial, painted on a metal ring surrounding the
bubble, amply illuminates it.

Before you put the sextant away in its carrying
case, return the bubble control knob to neutral,
loose on the shaft.
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Optics

The instrument optics is so designed that the
matching of the bubble’s image with that of the body
does not have to take place in the middle of the
field. It is best to use the astigmatizer for accurate
work because the way it flattens the image makes it
easier for you to estimate the center of the bubble.

The real field of the sextant is approximately 12°.

See T.O. 035-35-4 for additional instructions on
operation and care of this sextant.

A-8A SEXTANT

Operation

You can use this sextant for direct or indirect
sighting.

1. Before you take any readings you must set
the averaging device in the zero position. Do this
by turning the vernier disc as far clockwise as pos-
sible. Then use the sextant in the usual manner.

2. As soon as you have taken a shot, place your
right index finger in the concave portion of the han-
dle and push it as far counter-clockwise as possible.
Then return the handle to its original position. This
operation moves the vernier disc counter-clockwise
an amount equal to one-eighth of the total recording.

3. Repeat this procedure until you have taken a
total of eight shots.

4. Then read the counter disc and vernier disc to
obtain the average of these eight settings in degrees
and minutes.

The average time is the time of the average alti-
tude reading.

If the 0 line of the vernier disc points between two
lines of the counter disc, read the lower of the two
as the number of degrees. Add to this the reading
of the vernier disc, expressed in minutes of arc.

In reading the vernier, follow the vernier disc
counter-clockwise until a line of the counter disc
appears to be a continuation of a degree line. The
number of divisions in the vernier disc from 0 to
the point where the lines coincide is the number of
minutes you add to the scale reading.

A pencil averaging device is now available. To
have your sextant modified, send it to any one of
the following service commands:.

Fairfield Air Service Command,

Oklahoma City Air Servica Command, or

Sacramento Air Service Command.
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Bubble

Use the dark field illumination of the bubble at
night. This makes the bubble appear as a bright ring
in a dark background. You can regulate the bright-
ness of the bubble with the rheostat.

You can see directly through the center of the
bubble to sight a heavenly body.

Optics

The focal length of the eye lens is equal to that
of the objective lens.

The real field of the sextant is 9°.

See T.0. AN 05-35-7.

A-10 SEXTANT

Operation

Hold the sextant by its frame in the palm and
fingers of your right hand. The control knob, which
elevates the field prism, is down. Use your left hand
to operate the control knob or to adjust the size of
the bubble.

To register a line on the recording disc, move the
plunger of the marker with your right forefinger.

The middle value of several readings in a series is
the average of your observation. To obtain this
reading, align the middle line of any group of read-
ings with the index. Then read the counter to ob-
tain this value in degrees and minutes.

If your observations are equally spaced, take a
direct average. If they are not equally spaced, devise
your own method of averaging them.

Bubble

Only the bubble itself is illuminated. This makes
it easier for you to observe dim stars.

If the bubble disappears you can easily re-form
it in this way:

1. Turn the sextant until the bubble-size knob
faces downward.

2. Turn the bubble-size knob to its maximum IN-
CREASE position, as indicated on the engraved
diaphragm housing. Be careful not to force the knob
past the limits of this position.

3. If the bubble is not visible, it may be formed in
the diaphragm. Turn the knob to near its minimum
position.

4. Hold the sextant firmly and snap your arm for-
ward quickly, in order to release the bubble from
the diaphragm housing.
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5. An alternate method is to hold the sextant with
the bubble chamber away from you and whip the
sextant downward sharply.

Turn the bubble to maximum size when you put
the sextant back in its case.

Optics

The auxiliary telescope and the eyeguard at the
glass chamber housing are interchangeable. When
you use the telescope you get a two-power magnifi-
cation and your field is reduced approximately one-
half.

The real field is approximately 14°.

The scales are illuminated. Replacement lights are
provided, but in an emergency you can use the
lamps out of the B-3 driftmeter, radio compass, or
some other aircraft instrument.

See T.O. AN 05-35-12.

A-10A SEXTANT

This sextant is a modification of the A-10 sextant
and includes the following new features:

1. An automatic marking device operated by a
solenoid timing mechanism, which makes a mark on
a plastic disc. You can operate the marker manually
if the timing mechanism fails.

2. An air-reservoir bubble chamber which per-
mits the bubble to form more easily and produces a
bubble which is less affected by temperature
changes than the previous vapor-type bubbles.

3. An improved lighting system for the marking
disc and counters.

4. A 3-cell battery case which operates the elec-
tric timing mechanism and the lighting system.

5. The rheostat which controls bubble illumina-
tion is on the sextant instead of on the battery case.

Operation

You must use the battery case to operate this sex-
tant, both day and night. The batteries provide
power for a small electric clock in the housing on the
left side of the sextant. Approximately once every
second, so long as you press the trigger above the
marking disc, this clock energizes a circuit which
actuates the solenoid marker on the right side of
the sextant.

Shake the sextant lightly to make sure that the
clock has started; it does not always start when the
battery case is connected. As soon as you complete
your observations, disconnect the batteries to pre-
serve them.
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TIMER ASSEMBLY

BATTERY CONNECTION

Determine the number of impulses of the marking
mechanism per minute. Normally this number does
not vary greatly even with extreme changes in
temperature. Once you know it, you need only to
count the clicks of the solenoid to time an observa-
tion.

In the air it may not be possible to hear the click
of the marking device, but by resting your right
index finger lightly over the marker you can feel
its movement and count the number of impulses. At
night the bubble light blinks at each impulse and you
can use this means of counting them.

The marking device requires careful adjustment
of the pencil lead so that there is sufficient clearance
between the lead and the disc at the beginning of
the stroke to allow the solenoid to gain momentum
before the lead strikes the dise. If this adjustment is
too close the lead doesn’t slide over the disc and,
consequently, won’t make a mark. If the pencil lead
is too far from the disc the mark made is too short.
If you adjust it correctly, the lead should last for
the entire flight.

You can operate the marking device manually by
pressing the flat side of the marker with your right
index finger.

General

1. After looking at your hack watch at the start
you can time your observation accurately by count-
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COUNTER

MARKER ASSEMBLY

A-T0A SEXTANT

ing the aural or visual impulses of the marker.

2. You can concentrate on maintaining collima-
tion with the body without having consciously to
space your observations at even intervals.

3. The automatic marker makes more uniform
marks and eliminates movement of the sextant
which occurs when you operate the marker button
manually.

Bubble

The new bubble consists of a double chamber
with a large air reservoir. Change bubble size by
transferring air from one chamber to the other. The
bubble never disappears except through deliberate
operation of the diaphragm.

A large change in temperature produces practi-
cally no change in bubble size because the reservoir
acts as a buffer. If you can’t change the bubble size
as you wish by rotating the diaphragm control to its
extreme limit, level the sextant during the return
stroke. You can rotate the diaphragm control back
and forth any required number of times.

Optics

The real field of view varies between 12° and 14°,
but is reduced one-half when you use the telescope
attachment. You sometimes have difficulty in locat-
ing the desired star; it happens with all horizontal-
viewing sextants. This procedure may help you:
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1. Set the instrument to 0° altitude.

2. Pick up the star by direct sighting.

3. Bring the sextant to operating position slowly,
keeping the star in the field of view by rotating the
index knob.

See T.O. 05-35-33.

Use the AN5851 sextant with the appropriate sup-
port arm. Like the A-10 and A-10A it is designed for
horizontal vision. This sextant incorporates a chron-
ometric, automatic averaging device which, at the
end of a two-minute period, gives the average alti-
tude on a counter.

The averaging mechanism picks off the setting of
the instrument at two-second intervals and accumu-
lates these values through a 60/1 gear reduction on
the counter. Since a gear system does the averaging
you must enter a full complement of 60 sights. You
must, therefore, maintain collimation for a full two
minutes. The reading on the counter is worthless if
you stop observing before the two minutes have
fully expired.

Operation

1. Set the counter to 0 by turning the counter
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AN 5851 SEXTANT

MAIN SCALE

SCALE DRUM

COUNTER

COUNTER KNOB

knob. It is important that you do this accurately.

2. Wind the averaging device until you reach a
solid stop.

3. Push lever 2 and rotate the scale drum to a
stop. This operation engages the sextant with the
averaging device and the stop indicates that the
averager has been brought down to the base line.

4. Push lever 1 to engage lever 2. This operation
disengages the averaging device from the sextant.

5. Take a preliminary sight. Push lever 2.

6. Again rotate the drum down to a stop, and if
this amount of rotation is more than 2°, rotate the
drum up to the sighted angle and collimate the star
and the body.

7. If the amount of rotation is less than 2°, dis-
engage the averaging device by pushing lever 1, ro-
tate the drum down approximately one turn, push
lever 2, and continue rotating the drum down to a
stop. Then proceed with the sight. There is always a
15° spread between stops, which allows at least 2°
on either side of the altitude of the body. This gives
the drum room in which to rotate while the bubble
is moving.

8. Push lever 3 to start the averaging device.

9. To obtain the average time, add 1 minute to
starting time or subtract 1 minute from the time you
finish your observation.

10. Maintain coincidence between the bubble and
the celestial body. At the end of two minutes a
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AN 5854-1 SEXTANT

shutter automatically moves into the field of view
and obscures your vision.

11. To obtain the final avérage altitude, combine
the counter reading with the main scale reading.
(Do not read the scale drum; this indicates only the
final altitude setting.) For example, if the counter
reads 6° 35 and the main scale pointer is between
4 and 5, the final reading is 46° 35’. Remember, the
final main scale reading is within 2° of the average
reading.

Bubble

In this type of sextant the star image and the
bubble image are superimposed directly in the opti-
cal system and not by reflection, as in the A-10
series. You cannot see the star through the bubble,
so use the cylindrical lens to astigmatize the star
image, i.e., draw it out to a line instead of a point.

Optics

The real field of the instrument is 12°, Two-power
magnification is built in.

Note that a rotatable polarizing filter in the eye-
piece is designed to reduce horizontal (water) re-
flections of the sun at low altitude.

For general use, and always at night, remove this
filter by pulling it straight out of the eyepiece. There

REV. No. 3
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——— RESETTING PIN

— MEDIAN ASSEMBLY

—e. COUNTER ASSEMBLY

is a finger ring attached to it for this purpose.

A horizon prism allows you to use the natural
horizon.

See T.O. 05-35-22.

AN 5854-1 SEXTANT

Operation

Use the AN5854-1 sextant with the appropriate
support arm. Hold the instrument by the handle,
which is part of the sideplate, and by the graduated
drum at the lower left side of the instrument. Oper-
ate the median averaging device with the index
finger of your right hand. Press the cable button at
each reading. Readings are recorded by the median
assembly and are continued until the shutter auto-
matically cuts off the field of view. Then, rotate the
graduated drum until the median index is under the
index line of the median assembly window, and read
the angular altitude from the sextant scales.

To prevent any of the indexes from disappearing
behind the median drum when you are determining
the setting, the median drum is geared to turn half
as fast as the graduated tangent screw controlling
the sextant prism. This gear reduction also reverses
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the direction of motion of the median drum from
that of the tangent screw.

Spread the series of observations over the par-
ticular oscillation cycle of your airplane. In normal
flying conditions, space a series of 15 readings at
intervals of approximately six seconds between
readings. In extremely rough air, two series of 15
readings are recommended with an interval of ap-
proximately six seconds between series. Average
the two medians to obtain an average of the 30 read-
ings. The average celestial time for the series of 30
readings is the average time from the start to the
finish of the observations.

Another method of using the averaging device is
to rotate the series of indexes until they seem to be
distributed evenly on both sides of the fiducial line.
This reading is a good average.

Clear the median assembly and load the shutter
for another series of readings by pressing the re-
setting pin and rotating the indexes back to the in-
dex fiducial line in the center of the window.

For use with the sun and bubble horizon, the in-
strument is equipped with five combinations of
filters for various sun intensities or field brightness.
With the real horizon reflector IN, you can use the
astigmatizer lens to astigmatize the sun across the
bubble.

You can view celestial bodies at night either
through the clear openings or the astigmatizer lens
in the filter mount.

Radium paint provides such adequate dark field
illumination of the artificial horizon bubble at night
that you rarely need electric light. However, varia-
ble electric light intensity is available to boost the
level of illumination.

Optics

The shutter is a thin sheet of metal that auto-
matically cuts off the telescope field at the end of
the observation. The shutter drops on the sixteenth
reading and not at the end of the fifteenth. The
shutter is mounted directly above the objective lens
and the filter mount assembly.

The real field of the sextant is 12°. Two-power
magnification is built in. You sometimes have diffi-
culty in locating the desired star, as is the case when
you use any horizontal-viewing sextant. See pro-
cedure outlined under Optics, A-10A sextant.

All scales are illuminated. A red bubble filter is
supplied to provide a red bubble for contrast against
the sky. This is particularly suitable for use against
a moonlit cloudy sky.

See T.O. 05-35-27.
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WATCHES

In accordance with Technical Order 00-30-61-2
you are entitled to three watches: the A-11 hack
watch, the A-8 groundspeed timer, and the AN5740
master watch. These watches are the best products
the American watch industry can make in the quan-
tity the Air Forces demand. The life of your watches
and the performance they give you are largely’a
matter of the care you give them. You should take
the following simple precautions:

1. Carry your master watch in the metal case pro-
vided. This protects the watch from shock and from
large magnetic fields. Always try to carry the watch
in a horizontal, face-up position.

2. Wind your master watch regularly and deter-
mine its rate so that you may gain confidence in its
performance. This watch is one of the finest time-
pieces made today. It is adjusted for position and for
temperature.

If you anticipate flying in extreme cold (below
—20° C) it is advisable to carry the watch on a piece
of string inside your flying clothing. The slight in-
convenience which this causes in reading the watch
is greatly outweighed by the improved rate of the
watch.

3. See that the screw-back and bezel of the watch
are tightened securely at all times.

4. Important: Your wrist watch is not water-
proof, so do not expose it to excessive moisture. The
latest hack watches are supplied with a three-piece,
dust-tight case. This simplifies maintenance and the
rate of the watch is more constant. Take particular
care to prevent water from running down your
wrists after washing your hands; it collects around
the stem of the watch.

5. Inspect your watch strap and strap pins occa-
sionally to eliminate any chance of losing the watch.

Do not attempt to repair

sextants or watches. They are
delicate instruments and require

expert adjustments.
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small pointed tool which is in the carrying case.

f. Tighten the counter lock nut screw with the
screw driver.

g. Turn the sun filter so that it does not cover
the objective lens (natural horizon lens).

h. With the sextant set on zero, see if the colli-
mator cross lines give a double image when viewed
through the eyepiece. If you see a double image,
rotate the thumb screw under the index mirror until
the two images in the center of the cross hairs in the
collimator tube coincide exactly.

You can also check the bubble position with the
collimator tube. If when the bubble is balanced in
the center of the field it is not in the center of the
cross lines in the collimator tube, you must adjust
the bubble chamber itself. Do this by adjusting the
two bubble mount screws located at the side of the
bubble chamber. A tool is provided for moving the
screws. Turn them in opposite directions until they
are taut but not under strain. Turn the screws in
opposite directions until the cross lines and the bub-
ble are centered. This is a process of trial and error.

With an unknown altitude. Set the micrometer
drum to zero. Observe any heavenly body through
the eye position. Have the sun filter away from the
objective lens so that the light from the body passes
through the telescope.

If you see a double image, rotate the micrometer
drum until you only see one. Read the micrometer
drum and note the difference in its reading from
zero. This difference is the error and you should take
several readings and average them to find the index
error and the appropriate correction.

By means of a known altitude. Precompute a
curve for any body and plot the sextant observations
against the curve. The average difference is the
sextant error. The sextant correction is the same as
the sextant error, but the sign is reversed.

2. Adjust the averaging device for the A-8A, using
the following method:

a. Loosen the lock screw which holds the stop
screw and turn the stop screw counter-clockwise
two or three turns. (The stop screw is the adjusting
screw against which the averaging lever stops after
a forward movement.)

b. Set various altitudes on the micrometer drum.
Average eight shots without changing this setting.

c. Check the reading of the vernier drum
against the micrometer drum.

d. By a process of trial and error adjust the stop
screws so that you get the correct reading up and
down the scale.

REVISED OCTOBER, 1944 NIF 3-4-9

In isolated cases you will find that you can make
no adjustment which will make the readings correct
for the entire limit of movement of the drum. In this
case, either compute the corrections you must apply
for any desired altitude you have observed, or make
the correction zero at 45° and assume that the errors
at the limits of the scale will be so small as to be
negligible for all practical air work.

Remember, when you turn the vernier drum back
to zero, it goes sixteen minutes beyond the zero
position. The factory makes this adjustment-to leave
a small amount of play at the zero setting. You take
eight shots. The averaging device automatically
picks up two minutes on each shot so that after
eight shots the sixteen minutes does not enter into
your final average. It is a good idea to check this
averaging device from time to time to assure your-
self that the instrument is operating properly.

Maintenance

You can replace the lamps by removing the shades
after first loosening the set screw.

If your bubble chamber isn’t operating properly,
install the spare in the carrying case. Unscrew the
two screws located on the right side of the frame
beside the bubble chamber. When they are loose you
can slip the chamber out and insert the new one.
Then adjust for collimation again.

Test the battery case and cord just as you do for
the A-10 sextant.

If the lighting system still fails, check the lamps
and test the wiring in the instrument. The wire
which connects the rheostat to the bubble lamp is
very small and if it breaks you must replace it with
a heavier wire. Let a qualified instrument repair
man do this for you.

When flying at high altitudes observe the follow-
ing precautions in the use of your sextant.

If the sextant is in its box during a quick drop of
temperature and you then take it out, moisture will
condense on the mirrors. Remedy—open the sextant
case before you climb to a high altitude.

Batteries do not work well in extreme cold, so
keep spares in a warm place (pocket of your coat)
and replace them as often as necessary.

Check your chronometer daily and
keep a running record of gains and

losses. A rapid change of temperature
changes the rate.
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Ageton solves the astronomical triangle. Be sure
you know how to use the forms properly, then
follow the signposts. All rules governing use of this
form are found in Ageton H. O. 211, Dead Reckon-
ing Altitude and Azimuth table.

WAR DEPARTMENRT
o AIR CORPS
.!'.; Ei FORM NO. 21D
<o APPROVED FEB. 6, 18:7
o
| LINE OF POSITION
Fent
_'_!_':-.; SUN
e AGETON SOLUTION Hs ar | oR
’g TLA P
-~ 3
G4 GeT CORR il
iit 8 i
i 8 (]
13 GHA (ARC) M Ho 9 §
1 5
b7 AZIMUTH =5
ADD
' LONG (DR) D SUBTRACT ADD e :g i
i 4
LHA (ARC) A 15 3
16 -3
17 3
DEC. B A 1 s
19 3
20 3
. A B B 2 2
4 2 | =2
t ) 2
; = i
32 2
’ LAT. (DR) u | -2
36 1
38 1
40 1
K-L > |8 s 1
== — 50 1
55 =
He < A .- B 50 1
| 65 1
70 =1
A 75 0
| 80 0
TOWARD 8 0
AWAY In z % g
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Digest all information contained in the Air Alma-
nac.- Check each new issue. Additions are being
made, so study the changes until you understand
their meanings and application thoroughly.

Sunrise and Sunset Tables

Tables for finding the local civil time of sunrise,
sunset, beginning and ending of civil twilight, moon-
rise and moonset for latitudes between 60°S and
70° N are given on the P.M. side of the daily sheets
in the Air Almanac. Graphs in the back of the Air
Almanac extend these tables to higher latitudes. The
columns under sunrise and sunset give the times
when the upper limb is tangent to the visible horizon
with the eye at the surface of the earth. The columns
under twilight give the duration of civil twilight,
which begins in the morning when the sun is 6° be-
low the horizon and ends at sunrise. In the evening,
civil twilight begins at sunset and ends when the sun
is again 6° below the horizon. To find the time of the
beginning of morning twilight, subtract the tabulat-
ed value from the time of sunrise. To find the time
of the ending of evening twilight add the tabulated
value to the time of sunset.

To convert local civil time (LCT) to Greenwich
civil time (GCT) convert the longitude of your posi-
tion into time (15°equals 1 hour) and add if it-is
west of Greenwich, subtract if it is east.

The times of sunrise, sunset, beginning and ending
of twilight are affected by your altitude because of
Dip and increased Atmospheric Refraction. The time
of sunrise and beginning of morning twilight in the
air are earlier than those on the ground, while the
time of sunset and ending of evening twilight are
later. The differences are given in the table in the
back of the Almanac for various latitudes and
heights.

Example

Sunrise occurs at ground level on 1 January 1944

at 40° north latitude at 07:22 LCT and twilight oc-

curs 31 minutes earlier or at 06:51. However, at
10,000 feet sunrise is observed 12 minutes earlier

or at 07:10 and twilight is observed 2 minutes earlier
or at 06:49.

If DR longitude is 72°30’W you have to add 4
hours and 50 minutes to each of the above times to
convert them to GCT.

Sunrise and Sunset in Flight

To find the time and position of sunrise or sunset
on your flight path:

1. Estimate your approximate position at the time
of the phenomenon.

2. ‘Bracket this point with DR positions 2 hours
apart.

3. Find time of phenomenon for each DR position.

4. Find the difference between GCT of phenome-
non and GCT of DR position at both points.

5. Using any convenient scale, mark off these
differences from both DR positions along parallels of
latitude. Mark them off in opposite directions.

6. Draw a line to connect these two points. The

' I
o\  GCT. DR. POSITION 12:00
|\ GCT.SUNRISE | . | 11:20, ' Bl
B, i | :40 EARLIER
| |
T SUNRISE
\ Uity {} vIIH”,
N S '\A‘,“\ Se {4 ”4”!01
\\\‘\w\‘\b‘ i ‘5/ ,//’/1
[ A % A
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oar. ISE 1850
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DR position of the phenomenon is where this line
crosses your course line.

Solve this mathematically as follows:

points and connect them with a straight line. This is
your LOP.
GCT of 1st DR position

10:00 Example
GCT of sunrise 10:50 Flying at approximately 38° N, you observe the
" .50 Later GCT of sunrise on 1 January 1944 to be 11:01. Your
GCT of 2nd DR position  12:00 altitude is 10,000 feet. The P.M. page gives the LCT
GCT of sunrise 11:20
:40 Earlier

of sunrise at 35° N and 40° N as 07:08 and 07:22 re-

The sun rises five ninths of the time difference
(02:00) after the time of the first DR position.
54 x 120 — 66.6 minutes.

Sunrise occurs at 11:07.

LOPs by Sunrise or Sunset

In an emergency you can use the observed time of
sunrise or sunset to determine a LOP with a mod-
erate degree of accuracy. Note the GCT when the
sun’s upper limb becomes tangent to the visible hori-
zon. Use the Air Almanac to determine the LCT of
the phenomenon, being sure to make the additional
correction for altitude of the airplane. Extract values

of LCT for latitudes on either side of your position.
The difference between the GCT and the LCT is the
longitude in units of time which is then converted
into degrees and minutes (use the table in the back
of the Almanac). Knowing the longitude for posi-
tions on either side of your DR position, plot these

spectively. The correction for altitude is minus 12
minutes and minus 11 minutes, giving values of 06:56.
and 07:11. Subtract these from the GCT of 11:01 to
get longitudes of 4 hours and 05 minutes and 3 hours
and 50 minutes or 61°15 W and 57° 30’ W.

Corrections for Semi-diameter and Dip

Many navigators have found that they obtain ex-
cellent results by using the sea horizon instead of
the bubble horizon. When using the sea horizon,
however, you must make a correction for Dip to all
sextant altitudes. The Dip correction table is on the
back cover of the Air Almanac. It is usual practice
to make the lower limb of the sun or moon tangent to
the sea horizon. Add the correction for semi-diam-
eter to the sextant altitude. This correction is given
on the A.M. side of the daily sheets. Occasionally it
is necessary to observe the upper limb of the moon.
When observing the upper limb, be sure to subtract

semi-diameter from your sextant altitude.
—{ —'“'/7’/-‘_‘“ p——
S Z
& Z2 40° N
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0BSERVATIONS FOR LATITUDE

If the azimuth of a body is 0° or 180° from your position, it is on your meridian.

Use one of the following formulas to find your latitude.

Horizon

When your latitude is opposite in name from the When your latitude is the same name as the declina-
declination of the body, tion of the body, and the body is between you and
Latitude = (90° — Altitude) — Declination the equator, (declination less than latitude)

Latitude = (90° — Altitude) 4 Declination

‘When your latitude is the same name as the declina- When your latitude is the same name as the declina-
tion of the body and the body is between you and tion of the body and the star is between the pole and
the pole, (declination greater than latitude) your horizon,

Latitude = Declination — (90° — Altitude) Latitude = (90° — Declination) 4 Altitude

Altitude of pole equals latitude.

POLARIS Findyourlatitude by observing the altitude of Polaris. At the time of observation, find
the Greenwich hour angle of Aries by reference to the Air Almanac. Enter the Polaris table
in the rear of the Almanac. Apply the correction shown opposite the local hour angle of
Aries to the observed altitude of Polaris. The corrected altitude is your latitude.
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Daylight Over-Water Flights

If you have to dead reckon over water for hours,
under adverse conditions, during the daytime,
celestial observations and good common sense will
help you find your way. Here are some combinations
that you can use:

Cross a sun line with a radio bearing. Remember,
bearings and stations more than 200 miles away, or
closer than 50 miles, are seldom accurate enough
to give more than a general indication of position.
Use radio bearings with caution. (See NIF 2-23.)

Cross a sun line with a moon line of position.

Cross a sun line with a coastline. If you are cross-
ing a coastline, island chain, or some other terrestrial
line on which you cannot fix your position definitely,
obtain a fix by shooting the sun at the same time
that you cross the terrestrial line,

Cross a sun line with another sun line. At local
noon the azimuth of the sun changes rapidly, espe-
cially in low latitudes. The time interval varies with
the latitude of the observer and the declination of
the body.

For example, at 30° north latitude on June 1, the
azimuth of the sun changes 57° in one hour. Take a
sun line a half hour before noon, take one at noon,
and take one a half hour after noon. Move them all
up to the same time, to obtain a fix.

Meridian altitudes. Apply the rules involving
combinations of observed altitude and declination.

Advance one sun line to another over a period of
time. While this method is not too accurate, it does
give you a general picture of the trend of your flight.
A little common sense helps a great deal in the in-

Obtain a fix by crossing a

sun line with a radio bearing.
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terpretation of these lines. Move all sun lines with
true airspeed or the best known groundspeed.
The best known groundspeed may be the one found
between two LOP’s. Use this information when a
more accurate groundspeed check is not possible.
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High-Altitude Shots

If the altitude of the body is 85° or more, plot the
usable arc of the circle of equal altitude. Plot the sub-
point of the body by using Greenwich hour angle and
declination as longitude and latitude. Swing a
circle using 90° minus altitude (zenith distance)
as the radius. You can do this with a piece of string.
The line of position will be curved. To move up such
a position arc for time, move up the sub-point of the
body for groundspeed parallel to course and swing
off a new arc from the new center. Two such circles
intersect at two points. It usually is possible to select
the reasonable intersection of the two circles and

find the fix.
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Care and Adjustment

1. To tighten motion of sight gear:

Loosen locknut.

Turn shoulder screw until you obtain desired
friction.

Tighten locknut.

2. Entire sight assembly must be mounted firmly.
Tighten the two screws behind the declination scale
to insure correct mounting. At certain times during
the day, 1° error in LHA causes up to 10° error in
azimuth,

To check:

Unloosen two rear screws.

Set true bearing at 180°.

Sight down declination scale (0° south latitude)
to the true bearing index.

Move sight assembly until it is aligned.

Tighten screws.

Draw a reference line on the north hour-angle
head for future alignment.

Here is another method of checking the sight
-assembly:

Level astrocompass.

Set the latitude scale to 0° north latitude.

Set LHA to 270°,

Set the declination index to 0° and rotate the
astrocompass head until a suitable distant object
passes through the center of the sight.

Set the LHA drum to 90° and rotate the astro-
compass head through 180° until you see the same
distant object again through the sight. If the declina-
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ASTROCOMPASS

tion scale is correctly aligned on the north hour-
angle head the object will still pass exactly through
the sight.

Draw a reference line on the north hour-angle
head for future alignment.

3. Check the three screws above and below the
hour-angle head to see that they are snug. They
mount the LHA scales on enclosed drive assembly.

4. To obtain correct latitude settings, tighten the
two screws which fasten the micrometer knob and
worm to the upright. Keep tension between worm
and worm gear by checking to see that the two
screws holding the springs are secure. Increase
spring tension by bending the spring slightly.

5. Vibration of the airplane causes errors if the
azimuth circle does not have a sufficient amount of
friction to stay on set readings.

Increase tension in this manner:

Clamp spring leg in depressed position.

Remove two opposite screws from yoke to separate
upper section from base.

Remove locknut.

Adjust tension until desired drag results.

Replace locknut and mount in reverse order.

You can adjust these nuts without removing the
base if you have a special socket wrench that reaches
through the base.

Cavutions

1. To obtain best results, always make several
observations and average them.

2. When declination and latitude are within 20°
of each other, use the astrocompass as a pelorus.

3. In other latitudes, when the sun is above 45°,
use the astrocompass as a pelorus.

4. Do not rely upon the astrocompass when you
take bearings on bodies above 75° altitude.

5. Check alignment by using a sighting compass.
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CELESTIAL NAVIGATION CASE

MAP CASE

TYPE A-6

CELESTIAL
NAVIGATION
CASE

SOLUTION
BOOKS

L AR

MASTER WATCH ~~

SEXTANT COMPARTMENT

3
LT ——

EXTRA BATTERIES

Take Care of Your Equipment

Type A-6 celestial navigation case is designed to
carry all of your equipment, compactly and com-
fortably. Use it on every flight. Carry solution books
and forms in the compartment constructed to fill this
requirement. You can carry any type of sextant in
the padded compartment equipped with the two tie-
down straps. Always tighten the straps securely

before closing the case.

Carry your maps in the outside pocket. They can
either be folded or rolled.

Hang the insert containing your plotting equip-
ment above your desk in the airplane.

Procure Type A-6 celestial navigation case through
regular supply channels.
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2. Place astrocompass in the standard and level.

3. Set the latitude and declination and LHA of the
sun on the proper scales.

4. Rotate the astrocompass until the shadow of the
bar falls between the parallel lines on the shadow
screen.

5. Compare the true heading of the airplane with
the astrocompass reading.

6. The difference between the two headings is the
correction which must be applied to the astrocom-
pass readings to obtain the true heading.

7. The error may be removed at one position of
the astrocompass in the dome by loosening the base
mounting screws and turning the standard until the
two headings are the same. Tighten the base mount-
ing screws and recheck alignment.

Another Method

1. Place a base standard on a saw-horse. Align it
with a line drawn down the center of the horse.

2. Cut a notch at both ends of the line.

3. Align the saw-horse with the fore and aft axis
of the airplane by dropping the plumb-bobs from the
notches over a line parallel to the longitudinal axis.

4. Place the astrocompass on the saw-horse and
find true heading. This is the correct true heading of
the airplane.

5. Place the astrocompass in the base standard in
the airplane to find the correction for that position.

Alignment Check

You can check the alignment by using the astro-
compass as a pelorus. Set local hour angle at 0° or
180° and latitude at 90°. Obtain the bearing of some
part of the airplane. Write this bearing down and
keep it in your compartment so you can check align-
ment in flight on future missions.

Uses of the Astrocompass
1. Check the true heading of the airplane.

a. Place the instrument in the mount and level
it. An error of 1°in level may cause an error of 1°
or more in observation.

b. Set the latitude to the nearest degree.

¢. Calculate and set the local hour angle of the
body to be observed on the proper hour angle scale.

d. Set the declination of the body.

e. Rotate the bearing plate until the sights are
aligned on the body. In observing the sun or moon,
rotate the bearing plate until the shadow cast by the
shadow bar falls between the proper marks on the
translucent screen.

f. When the sights are aligned, read the true
heading of the airplane against the lubber line.

REVISED OCTOBER, 1944 NIF 3-10-2

2. Steer a true heading.

a. Set the true heading you want to fly against
the bearing plate lubber line.

b. Set the instrument for latitude, declination
and local hour angle and level it.

c. Have the pilot turn the airplane until the
selected body comes into your sights.

d. Maintain heading by directional gyro.

e. Check the true heading with the astrocom-
pass at least every 15 minutes, altering the true
heading steered on the directional gyro if necessary.

3. Identify. a star.

a. Place the compass in its mount and level it.

b. Rotate the bearing plate until the true head-
ing registers against the lubber line.

c. Set the correct latitude.

d. Turn the hour angle scale and adjust the
declination scale until the star is on the sights.

e. Read off the local hour angle of the star and
its declination.

f. Use the Air Almanac to calculate the sidereal
hour angle of the star.

g. From the table on the inside back cover of
the Air Almanac, find the star by its declination and
sidereal hour angle.

4. Use as a pelorus.

a. Place the compass in its mount and level it.

b. Set the true heading on the bearing plate,
against the lubber line.

c. Set the latitude scale to 90°. This makes the
hour angle scales parallel to the bearing plate.

d. Turn the hour angle knob until you sight the
object, just as you would sight a star.

e. Read the true bearing on the hour angle scale
against the true bearing lubber line.

f. Note that if the bearing plate were set to “N”,
you would read relative bearing.

Cavtion

When turning the local hour angle scale, be sure
to push in the knob. Don’t force it.

When observing the sun or moon, be sure that the
shadow of the bar on the front sight falls between
the parallel lines on the shadow screen.

When observing any other body, place your eye
behind the small magnifying glass and sight the star
through the intersection of the white lines of the
foresight. If you do not sight the star through the
intersection of the white lines, you can still get a cor-
rect reading when it is vertically above the point of
intersection of the white lines. Do not change the
declination setting to put the star at the intersection.
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Record the azimuth of the body observed and the
relative bearing of that body from the heading of
your plane, at a given instant of time. You can then
find the magnetic heading of the airplane by using
the following diagram:

™ MN

)

Variation—

Compass head of plane

Trve azimuth of body

V Magnetic head of plane
]

/

DEVIATION

N

Relative Bearing
of body

*

Obtain the relative bearing of the body with your
driftmeter, pelorus, astrocompass or gun turret.

Local Hour Angle Tables

Use the following local hour angle tables to make
your air swinging easier.

This is an alternative to the more usual local hour
angle graph employed when air swinging the com-
pass by astrocompass. This critical table is both
easier to prepare, and much handier to refer to
while in the air.

1. Look up the Greenwich hour angle of the sun
for the time at which you expect to begin the swing.

2. Convert this to local hour angle of the sun by
applying your longitude in the usual way.

3. Add to the local hour angle the number of

minutes necessary to increase it to the half degree;
e.g., to 300° 11’ add 19’ = 300%2°.

4, Correct time for this addition to the hour angle,
by multiplying the number of minutes of arc added
to the local hour angle by 4. The answer is seconds
of time you must add to the original time.

Local hour angle of the sun alters at a rate of 1°
in 4 minutes of time. Add 4 minutes to the time
finally obtained above. This is the time at which the
local hour angle reaches the next degree-and-a-half.
Anywhere between these two times, you can set the
whole degree on the astrocompass.

As an example:

You expect the swing to begin at 08:00 GCT and
the Greenwich hour angle of the sun is 299° 53'.
Local longitude is 5° 09° West.

GCT
299° 53’ = GHAsun 08:00:00
-5° 09 West longitude
294° 44 = LHA sun
+ 46 4 X 46 = 184 sec. 03:04
2951,° = Local hour angle sun 08:03:04
and 296%%° = Local hour angle sun 08:07:04

Therefore between 08:03:04 and 08:07:04, you can
set 296° on your astrocompass. Then write the criti-
cal table as follows:

GCT LHA Sun
08:03:04 3
08:07:04_ ;;go
08:11:04 Tods
08:15:04 o d
08:19:04 pyod
08:23:04

Just keep adding 4 minutes and 1 degree each
time. Then at any time between 08:15:04 and 08:19:04
the correct figure to set on your astrocompass is 299°.

If the swing doesn’t start as soon as you expected
it to, you can carry the table on for as long as neces-
sary. If you carry it on for more than about 5 hours,
an error of about 4 seconds of time is introduced.
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PRECOMPUTED SOLUTIONS ARE GREAT TIME SAVERS

Two Methods of Adjusting for Time

1. The table that follows is self-explanatory with
the possible exception that “Z” is the azimuth angle
to the nearest pole. This can never be over 90°

Example

Make a precomputed solution for 0500 GCT on the
body Dubhe. You find the azimuth to be 160°. The
local hour angle is east.

a. At 04:55 you take an observation on Dubhe, at
a dead reckoning latitude of 32° north, “Z”, the
azimuth angle to the nearest pole, is 20°.

b. Entering “Z,” at 20° and latitude at 32° north,
4.4 is the change of altitude in one minute of time.

c. Since the observation was 5 minutes before
the time of the solution, 4.4 is multiplied by 5. The
correction you must apply to the observed altitude
is 22 minutes of arc.

d. The rules directly below the table tell you
whether to add the correction to the observed alti-
tude or to subtract it from the observed altitude.

e. In this example the observation is early, and
the local hour angle of the body is east. Local hour
angle east means the body is rising. Add the correc-
tion to the observed altitude.

f. Be sure to move the line of position either up
or back on the chart for distance run. For you must
make a correction for your movement over the

earth’s surface, as well as for the motion of the body
observed across the sky.
2. HO 218.
You can also use table IV in AN.T. HO 218 to
make adjustment for time.
Table IVa is the correction for the motion of the
body for an interval of 3 minutes of time.
Table IVb is the correction for the motion of the
body for any interval of time up to 3 minutes.
a. True azimuth being 160° and a correction for
5 minutes of time required at 32° north, enter Table
IVa to find the correction for the motion of the body.
b. You find the figure plus 13 minutes. This is
the correction for 3 minutes of time.
c. Enter Table IVb with 13 minutes at the re-
quired number of minutes of time, (2 in this case).
d. By interpolating between 12 and 15, you find
the correction to be 9 minutes.
e. Add 13 and 9 to find the correction due to mo-
tion of body for 5 minutes. The correction is 22.
You can also use these tables to make the correc-
tion for your movement over the earth’s surface.
Use the second part of Table IVa to find this cor-
rection for the motion of the observer.
Combine this correction with the correction for
the motion of the body before entering Table IVb.
If you use this HO 218 solution you won’t have
to move the line of position once you have plotted it.
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KEEP YOUR STAR

Use the template nearest your latitude and place
the zero degree line over the local hour angle of
Aries. This shows you the relative position of all the
stars in the sky at the time of observation.

Remember, the local hour angle of Aries and the
right ascension of your meridian are the same.

To plot a planet or moon on your star identifier:

1. Subtract the Greenwich hour angle of the
planet or moon from the Greenwich hour angle of
Aries (plus 360° if necessary).

2. Take these values from the same horizontal line
in the Air Almanac.

3. Mark the resulting value on the outer edge of
the star base and draw a pencil line to the pole.

4. Plot the planet or moon at a distance along this
line equal to the body’s declination. You can meas-
ure distance on the scale shown on the identifier
instruction sheet, and transfer it to the base.

The scale is reproduced below.

RUDE STAR FINDER

IDENTIFIER WITH YOU ALL THE TIME

Be sure to have the North Pole of the star finder
up when you are in the Northern Hemisphere, and
the South Pole up when you are in the Southern
Hemisphere. This is important.

Example: Your dead reckoning position is 42°
25’ N 83° W on Saturday 22 April 1944 at GCT 23:20.
Your true heading is 50°.

GHA Aries 200° 53’
Longitude 83° W

LHA Aries 117°53’ This is the same as the right

ascension of your meridian.

Place the 45° N template over the northern sky
base. Rotate the template to bring the arrow of the
0°-180° line to 118° on the outer edge of the base.

The stars that will give you good course lines are:

1. Regulus approximate altitude 47°
2. Alphard approximate altitude 33°
3. Caph approximate altitude 26°
4, Ruchbah approximate altitude 35°

These are good course line stars because they bear
approximately 90° from your heading of 50°.
The stars that will give you good speed lines are:

1. Dubhe approximate altitude 58°
2. Alioth approximate altitude 43°
3. Mizar approximate altitude 39°
4. Rigel approximate altitude 27°
5. Bellatrix approximate altitude 40°
6. Betelgeux approximate altitude 45°
7. Alnilam approximate altitude 35°

These are good speed line stars because they lie
nearly directly ahead or behind your airplane.

Whenever you are in doubt-as to the identity of
any star, use your star finder to give you the ap-
proximate altitude and bearing of the star from your
position and heading.
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At Night

1. Observe a body on one side of the airplane that
will give you a good course line.

2. Observe a body on the other side of the airplane
that will give you a good course line.

Take 3 lines of position on each body, and reduce
each set of 3 to a single line of position by moving
them up or averaging them visually.

If it is possible to shoot forward and to the rear
from the airplane you are flying, observe speed line
stars and use them in the same manner.

If your observations are accurate and your sextant
error is zero, all lines of position on bodies with the
same or reciprocal azimuth will fall on top of each
other after being reduced to the same time.

3. Measure the distance between the two lines of
position and divide by 2. This is your sextant error.

4. The sign of the error is determined by the lines
of position falling away from, or toward the bodies
observed. If the lines of position fall away from the
bodies observed, the correction is plus, if they fall
toward the bodies observed, the correction is minus.

APRIL, 1944 NIF 3-15-1

Pilotage Fix
Take a set of observations while passing over a
definite pilotage fix. Check your observations for
sextant error against the pilotage fix.

Another Method

1. Shoot a 3 star fix and plot the lines of position.

2. If you get a large triangle, draw lines per-
pendicular to each line of position at the corners of
the triangle. These lines represent the true azimuth
of each of the bodies.

3. Bisect the angle formed by these lines at the
corners of the triangle. The intersection of the bi-
sectors is your most probable position. The difference
between this point and the lines of position gives the
sextant correction.

Remember

These methods determine the correction due to
the sextant consistently shooting high or low on any
body. It does not tell you your personal error which
may vary on each shot from plus to minus.
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- CHECKING TIME

Precomputed Curve

Use a precomputed curve and a correct sextant
to find the correct time. Measure a series of altitudes,
recording each altitude and corresponding watch
time. Plot each measured altitude exactly on the
curve, and note the corresponding curve time. Then
compare watch and curve times for watch error. The
average of time discrepancies of a number of ob-
servations is the watch error.

Time Check by Equal Altitudes

Checking your time within a few seconds depends
upon your ability to shoot accurately and to record
your time accurately. You can use this method dur-
ing the daytime by shooting the sun, and at night
by shooting one of the stars or planets.

If a body has a constant declination, it passes
evenly across the sky at a constant rate. When it is
15° east of your meridian, you will observe the same
altitude as when it is 15° west of your meridian. The
altitude of the body, therefore, depends upon the
magnitude of the local hour angle. It takes the same
length of time for the body to travel from a certain
altitude east of your meridian to the meridian as it
takes the body to pass from your meridian to the
same altitude west of your meridian.

Use this fact to correct your watch as follows:

1. Observe the body an hour or so before crossing
your meridian and record the Hs and the chronom-
eter time. Take at least three sets of observations.

2. Observe the body after it has crossed your
meridian, when its altitude is slightly higher than
the last observation. Take several sets of observa-

tions until the Hs becomes less than that of the first
observation.

3. Construct a small graph, plotting Hs against
chronometer time, and draw a smooth curve through
the plotted shots. Choose the times so that the two
curves intersect on the graph.

4. Average the two times where the Hs curves
intersect. This is the chronometer time of meridian
transit. Compare this with the computed time of
meridian transit to obtain the chronometer error.

You can use this method on any star or planet as
well as the sun. The fact that the sun’s declination
changes slightly during the interval between ob-
servations causes an error which is negligible. The
advantage of this method is that you need not apply
corrections for refraction or sextant error, and you
don’t need to know your latitude accurately.

Problem

As an example of this procedure, on 16 July 1943
the sun was observed at 97° 52’ W as follows:

Observations Chronometer Observations Chronometer
Sun Rising Time GCT Sun Setting Time GCT
72° 09’ 17:27:00 73° 07’ 19:42:00
72° 32 17:29:00 72° 43’ 19:44:00
72° 55 17:31:00 72° 18’ 19:46:00

Plot these observations on a graph. The time of
intersection of the two curves is 17:29:27 and 19:44:27
GCT. The mean time is, 18:36:57 GCT, which is the
chronometer time of meridian transit. The computed
time of the meridian transit is 18:37:20 GCT, giving
a chronometer error of -23 seconds.

TIME CHECK
BY EQUAL
ALTITUDES

DATE, 16 JULY 1943

LONG. 97° 52’ W

M.T. 3= 18:37:20

M.T. CHRON.=18:36:57
CHRON. ERROR= —23 SECONDS
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Landfalls are of two types: course line landfalls
and speed line landfalls.

Course lLine Landfall

The easiest landfall to fly and things being equal,
the most accurate, is the course line landfall.

1. Observe a celestial body that gives a course line,
line of position. Plot it on your Mercator chart.

2. Advance the line of position through destina-
tion parallel to the one you just plotted.

3. Fly directly to the line of position through des-
tination and turn toward destination.

4. Stay on this line of position until another line
of position shows you to be off course.

5. Then repeat the process. But stay on a line of
position through destination. There is no ETA in a
landfall other than your best known groundspeed.

Speed Line Landfall

Because a course line is at times the more difficult
type of line of position to observe, and because some-
times only speed lines are available, you will also fly
a speed line landfall.

In this type of landfall fly definitely to one side of
destination. When you reach the speed line through
destination, turn and fly into destination.
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Precomputed landfalls, intersection of Ho-Hec
curves, and double Ho-He curves are variations of
the simple landfall. Use these for speed line landfalls
ordinarily. The double Ho-Hc curve is really a series
of precomputed fixes. But it is used as a landfall.

In actual combat the use of landfalls is limited,
for you must make most base approaches from cer-
tain bearings and at certain altitudes. To keep from
arousing the interceptors on particular bases each
time you approach them, you must give definite
ETA’s. This is impossible when flying a landfall.

In the interest of precomputed work, the following
HO 218 precomputed landfall is a definite time saver.

HO 218 Precomputed Landfall

No curves to bé drawn. No long hours of precom-
puted work. All work accomplished during the flight
in your spare time. It is easy and accurate.

Here’s How

1. Figure an approximate ETA for destination.
2. Pick a body that will give a good speed line.
3. Find the Greenwich hour angle of that body at
20 minute intervals. Each Greenwich hour angle will
end in approximately the same number of minutes.
4. Use an assumed longitude to give you a local
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hour angle of even degrees.

5. Enter HO 218 by an assumed position as close
to destination as possible, and extract an He and an
azimuth for each 20 minute interval.

6. Plot at least one line of position on your Mer-
cator at your assumed position.

7. Measure the distance necessary to move this
line of position through destination, and apply this
correction to each Hc.

8. When approaching the line of position through
destination, establish track by observation of course
line stars if possible.

9. Observe the body for which you made the pre-
computation.

10. Visually compare Ho’s with Hc’s.

11. When Ho is equal to He, turn on the azimuth
plus or minus 90°.

APRIL, 1944 NIF 3-17-2

Problem

Depart from 34° 30’ N, 99° 30’ W, at flight altitude
of 10,000 feet, flying a true course of 233°. This will
place you about 35 miles right of destination, Pyote,
31° 31’ N, 103° 09’ W. Departure time is 18:50 GCT,
with a dead reckoning groundspeed of 170 knots,
which will make your arrival on the line of position
through destination approximately 20:17 GCT, as the
distance is approximately 248 nautical miles.

Precompute a table for 20:00 GCT to 21:20 GCT.
Enter the Almanac as of the date April 26, 1943, at
20:00 GCT and find the Greenwich hour angle of the
sun to be 120° 33’; 20:20 GCT is 125° 33’, 20:40 GCT
is 130° 33, 21:00 GCT is 135° 33’, and 21:20 GCT is
140° 33’. Note that at 20 minute intervals the number
of minutes of Greenwich hour angle of the sun al-
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ways agrees within a mile or two, which presents
no great difficulties.

Then, assume a position of 31° N, 103° 33’ W, in
order to work the solutions by HO 218.

Applying your assumed longitude to the Green-
wich hour angle of the sun, you have local hour
angles of 17° W for 20:00 GCT, 22° W for 20:20 GCT,
27° W for 20:40 GCT, 32° W for 21:00 GCT, and 37°
W for 21:20 GCT.

Then enter the HO 218 solution book, under
declination N13° 26/, and extract the Hec’s and
azimuth for the body.

He Azimuth
20:00 GCT 66°29’ 225°
20:20 GCT 63°13’ 233°
20:40 GCT5 59°36’ 240°
21:00 GCT 55°45’ 246°
21:20 GCT 51°4¢’ 250°

Extract them all by opening the book but once.

You now have the change of altitude and azimuth
of the body at the position of 31° N, 103° 33’ W. You
want the altitude of the body at destination, Pyote,
31° 31’ N, 103° 09 W.

To obtain this, draw the line of position through
the assumed position for each of the time intervals,
and measure the distance required to move each line
of position through destination, Pyote. Apply the
proper sign to the correction by noting whether this
action is increasing or decreasing the altitude of the
body. This is done as follows:

He Correction Corrected Hc
20:00 GCT 66°29 -36’ 65°53/
20:20 GCT 63°13' -35’ 62°38’
20:40 GCT 59°36’ -33’ 59°03’
21:00 GCT 55°4¢’ -32 55°14'
21:20 GCT 51°46' -30’ 51°16

You now have the altitude of the sun for 1 hour and
20 minutes at destination. When you approach the
line of position through destination, start shooting.

As you shoot, visually interpolate between the He's
you have computed, in order to compare your ob-
servations with your precomputed solutions. You
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can break down your Hc's to 5 minute intervals to
make your interpolation easier, as below.

20:00 GCT 65°53’ (difference 49’)
20:05 GCT 65°04’ (difference 49’)
20:10 GCTY 64°15’ (difference 49)
20:15 GCT 63°26’ (difference 48’)
20:20 GCT 62°38’ (difference 54’)
20:25 GCT 61°44’ (difference 54)
20:30 GCT 60°50’ (difference 54’)
20:35 GCT 59°56’ (difference 53)
20:40 GCT 59°56’ (difference etc.)
Then start shooting. Your shots fall as follows:
Ho He
20:03 GCT 63°53’ 65°23'
20:12 GCT 62°45’ 63°55’
20:19 GCT 62°01’ 62°45’'
20:27 GCT 61°00’ 61°22’
20:31 GCT 60°28’ 60°39’
20:33 GCT 60°12/ 60°17’

At 20:33 GCT you see that you are within 5 miles
of the line of position through destination, so at 20:35
you turn on the line of position and continue to ob-
serve the body to make sure that you stay on it.

Remember

Find an assumed position as close to your destina-
tion as possible that will give you latitude and local
hour angle of an integral degree.

Then solve for azimuth and altitude from this
position for a time period in which you are sure you
will reach the line of position through destination.

Draw the line of position through your assumed
position, and measure the distances necessary to
move them through destination. Bearing in mind
whether you are correcting away from or toward
the body, apply the proper sign to the correction.
Apply these corrections to the computed altitudes.

As you approach the line of position through
destination, take repeated observations on the body,
visually interpolating to check the difference be-
tween Ho and He. When the Ho coincides with the
He, turn on the azimuth plus or minus 90°.
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CREW
COORDINATION

APRIL, 1944 NIF 4-1-1

It is your duty to understand thoroughly the
duties of each crew member and when necessity
demands it, to take over for any one of them. By
the same token it is your responsibility to see that
each individual crew member is aware of the navi-
gational help he can give both in preparation for
and execution of a mission.

Share responsibilities and duties with the crew in
frequent conferences. The results of the talks you
have with the other crew members must be tested
in training before you get into combat. It is a team
operation and it takes practice and constant correc-
tion before you can rely on each other.

Be open-minded. Your crew members may have
some valuable suggestions to offer that will make
your navigation easier and more accurate.
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The primary aids the various crew members

are able to supply are suggested as follows:

Pl LOT Correct technique of flying during the taking of
radio bearings, drift reading, and celestial observations.
During any evasive action, an attempt must be made
' to make variations from the intended course cancel out both

in altitude flown and general heading maintained.

co Pl I_OT Pilotage by checking prominent landmarks under your direction.

B 0 M B A R Dl E R Drift readings must be taken and compared with

yours at all times. Constant pinpoint pilotage must be maintained,
especially on nearing and turning over Initial Point.

RADIO MAN Radio bearings must be available

upon your request, at any given instant. He must initiate
requests for position reports at the proper time.

EN G I N E E R Must understand all necessary calibrations and the
alignment of all navigational instruments, in order

that engine changes and new installations may be fully evaluated.

G u N N E R S The individual gunners must be conversant with
the method of taking bearings both from the rear turret and the

vpper turret. They must be able to recognize all prominent
landmarks along the proposed route of flight.
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When you ascend into the atmosphere the air
pressure drops. The higher you go the less dense the
atmosphere becomes. At 18,000 feet the pressure is
only 7% pounds per square inch, or one-half of what
it is at sea level. With increasing altitude the air also
gets colder, up to 35,000 feet. Decrease in pressure
on the body results in:

Oxygen want (Anoxia)

Expansion of trapped gases

Decompression sickness

Oxygen Want (Anoxia)

The air we breathe always contains the same pro-
portion of oxygen—215¢. When the air pressure
drops, however, the oxygen pressure drops corre-
spondingly. Oxygen pressure is necessary for main-
taining the proper amount of oxygen in the blood.
At sea level, the pressure is sufficient to keep the
blood at least 95% saturated with oxygen. This
degree of saturation is necessary for peak mental
and physical efficiency. When the percentage of
oxygen in the blood drops, your efficiency falls off.
This condition is known as anoxia or oxygen want.

In flight, oxygen want begins to affect you at alti-
tudes above 5000 feet. It does not seriously affect
efficiency, however, below 10,000 feet, except at
night or on long flights. Its effect is so gradual you
may not notice it. In fact, you usually feel exception-
ally good in the early stages. This is one of the things
that makes oxygen want so dangerous.

Unless the deficiency in oxygen is made up, your
mind becomes dull; your memory, judgment, and
muscular control grow worse and worse; vision and
hearing are poor. Fatigue and sleepiness set in; you
may have fits of laughing and crying; and finally un-
consciousness and even death may occur. Above
20,000 feet anoxia causes most people to lose con-
sciousness within a short time.

The higher you fly, the longer you stay, the more
you exert yourself, the more likely you are to suffer
anoxia, unless you are wearing your oxyger. mask.

The only way to avoid oxygen want, unless your
cabin is pressurized, is to use your oxygen equip-
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EFFECTS OF HIGH ALTITUDE

ment on all flights above 10,000 feet. On all flights
of 4 hours or longer use oxygen above 8000 feet.
Don’t depend on your feelings. You can’t rely on
them to tell you when you need oxygen. Regulations
require using oxygen any time you fly above an in-
dicated altitude of 10,000 feet above sea level. This
may not agree with the reading of your altimeter if
you have set it to zero for a given field.

If you ever suffer from oxygen want, see your
Flight Surgeon immediately afterward.

On night flights you should use oxygen (Auto-
Mix ON or NORMAL OXYGEN) from the ground
up. This helps improve your night vision.

Expansion of Trapped Gases

Expansion of body gases occurs in the stomach,
intestines, sinuses, and middle ear with increasing
altitude. As the outside pressure decreases, these
gases tend to increase in volume and cause pain
when they can't be released.
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The volume of gas in the stomach and intestines
tends to expand these organs like a balloon, and may
cause cramps when you ascend to high altitudes.
You can obtain relief by belching or passing wind.
Otherwise it may be necessary to descend to a lower
altitude. Gas troubles can be controlled, at least par-
tially. When you are flying frequently, avoid gas pro-
ducing food such as beans, cabbage, and carbonated
beverages. Remember what foods give you trouble
in flight and avoid them. Don’t chew gum before or
during high altitude flights. You swallow too much
air when you chew.

The Ears

The sinuses and middle ear are bony spaces in the
head which contain air. These spaces have a moist
lining like the nose and mouth. Ordinarily air leaves
and enters the sinuses easily by way of small open-
ings into the nose as you ascend and descend. As the
air in the middle ear expands it pushes on the ear

INSIDE THE
MIDDLE EAR

SEMICIRCULAR
UDITORY NERVE

cuns\n

EAR DRUM

EUSTACHIAN TUBE

During a climb air leaves the
middle ear with comparative ease.
During descent you must clear your
ears to equalize the pressure; other-
wise your eardrums stretch. That's

what makes them hurt.
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drum and makes your ear feel full. At intervals
while you are gaining altitude the air slips out of the
middle ear through a slit-like opening called the
Eustachian tube. Each time this opens you hear a
click and the pressure is equalized. During descent,
however, you must make an effort to clear your ears.
You can do this by swallowing, yawning, or pinch-
ing your nose and blowing gently with your mouth
shut. This lets the air back in and equalizes the
pressure. Practice clearing your ears. If you do this,
it will increase the rate of descent you can stand
comfortably.

When you have a cold the linings of the sinuses
and the Eustachian tube are swollen. It may then be
difficult or impossible to clear your ears, and you
may suffer great pain as you lose altitude. Your ear
drums may even rupture. Pressure changes in the
sinuses are also painful. Therefore don’t fly when
you have a cold, unless it is absolutely necessary. If
you have to fly, see your Flight Surgeon first.
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ASCENT TO 25,000 FEET WITHOUT OXYGEN
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Be sure that your oxygen equipment is
functioning perfectly, that you know how to
use it, that your mask fits properly, and that
you know what to do in an emergency. Sud-
den removal of your oxygen supply at 30,000
feet will produce great mental and physical
inefficiency in 30 to 60 seconds and uncon-
sciousness in 30 to 90 seconds.

See your Personal Equipment Officer for
proper operation of your oxygen equipment.

Decompression Sickness

Not only do body gases expand when atmospheric
pressure decreases, but nitrogen gas in solution in
the body tissues tends to escape and form bubbles.
This reaction is similar to what happens when you
take the cap off a bottle of soda. The pain and dis-
comfort which result are known as decompression
sickness or aeroembolism.

Trouble seldom develops below 30,000 feet. How-
ever, you're more likely to get it the higher you go
above this altitude, the longer you stay there, the
faster you climb, and the more you exercise. Then
the nitrogen in your body forms bubbles, which fre-
quently appear about the joints and in the tissues.
Pain results. This condition is called the bends.
Sometimes a feeling of weight on your chest occurs,
together with tightness and pain when breathing.
This is known as the chokes. Your skin may feel
irritated and begin to itch. This is called the creeps.

All of these conditions are relieved by descent to
20,000 feet or lower. If you ever have them, see your
Flight Surgeon as soon as possible.

Five Golden Rules for Oxygen

1. Use oxygen for all flights above 10,000
feet.

2. Use oxygen from ground up on all night
flights.

3. Use oxygen on all flights above 8000
feet if in excess of 4 hours.

4. Judge your need for oxygen by your
altimeter: don’t rely on your sensations.

5. Check all oxygen matters with your
Personal Equipment Officer.
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General—Oxygen Systems

Oxygen systems are of two general types:

1. Demand System.

2. Continuous Flow System.

The demand system is automatic. It furnishes
oxygen only when you breathe and in just the right
amount at each altitude. Every time you draw a
breath, oxygen is supplied with the proper mixture
of air. All combat aircraft have demand oxygen
equipment.

The continuous flow system supplies oxygen in a
constant flow. To insure delivery of the proper mix-
ture for each altitude, you must adjust a dial manu-
ally on the A-9A regulator to correspond with the
altimeter reading. The A-11 regulator, used for
passengers, is automatic.

REV. No. 2
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0XYGEN
EQUIPMENT

DILUTER DEMAND
OXYGEN REGULATOR

Demand System

The demand oxygen system includes a demand
type mask, diluter-demand regulator, pressure gage,
and ball or blinker type flow indicator. In addition,
a portable recharger hose is supplied at each crew
position in heavy bombardment aircraft for recharg-
ing portable (walk-around) oxygen equipment from
the oxygen system of the airplane.

Two types of demand oxygen masks are available
—Type A-10A and Type A-14. They are used with
the demand type regulators, the A-12 or AN-6004-1
regulator for permanent installations within the air-
plane, and the A-13 or A-15 regulator for portable
use. The demand regulator is essentially a dia-
phragm-operated flow valve which opens by suc-
tion when you inhale and cleses when you exhale.
Types A-12 and AN-6004-1 are provided with two
manual controls for use under special conditions—
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the Auto-Mix or oxygen control lever, and the Emer-
gency Valve.

With the Auto-Mix lever in the NORMAL OXY-
GEN or ON position, the A-12 and AN-6004-1
diluter-demand regulators automatically mix just
the right amount of oxygen with the air for the
altitude at which the plane is flying. This is accom-
plished by an aneroid control like the one in the
altimeter. At sea level the aneroid is fully contracted
and the air intake port is wide open while the
oxygen port is closed. As the. altitude increases
and the pressure decreases, the aneroid expands
and gradually closes the air intake port. Finally, at
an altitude of 30,000 to 34,000 feet the air intake port
is entirely closed. The oxygen port is wide open
and delivers pure oxygen to the mask.

Remember, the normal position for the Auto-Mix
lever is NORMAL OXYGEN or ON. When it is in
that position the regulator automatically furnishes
the proper amount of oxygen for all altitudes. When
the Auto-Mix lever is in the 1009 OXYGEN or
OFF position, the air intake port is closed and pure
oxygen is supplied at all altitudes.

The Type A-15 regulator, for portable use, is not

A-14 DEMAND MASK
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provided with an Auto-Mix lever; the mixing of air
and oxygen is entirely automatic.

When the red Emergency Valve knob on the regu-
lator is turned on, the oxygen by-passes the demand
mechanism in the regulator and enters the mask in
a steady flow, regardless of breathing and of altitude.
This valve, therefore, should not be opened except
in emergency, as the oxygen supply will be ex-
hausted quickly.

Precautions

Preflight Check:

1. Make sure mask fits properly. Check for leaks
by holding thumb over end of hose and inhaling
gently. Have your Personal Equipment Officer check
size and fit with his special test set or Demand Mask
Leak Detector, whenever possible.

2. Check the pressure of the oxygen system. It
should not be less than 400 pounds per square inch.

Caution: When the Emergency Valve is open
do not pinch the hose or block the outlet, for this
causes the regulator diaphragm to blow out. Then
be sure to close the valve tightly.

3. Check knurled collar and hose at outlet end of

A-10A DEMAND MASK
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regulator. They should be tight.

4. Check rapid-disconnect fitting on mask hose.
Be sure rubber gasket is in place. Make sure male
end of fitting fits tightly into the regulator hose.
It should withstand a pull of 10 to 20 pounds. Your
tubing may have the C-ring type disconnect; if so,
check it the same way.

5. Clip oxygen-supply hose to clothing or para-
chute harness so that it allows movement of head
without kinking or pulling the hose.

6. Be sure the Auto-Mix lever is in the NOR-
MAL OXYGEN or ON position.

7. Turn Emergency Valve off tight.

In the Air:

1. Check the mask as soon as you put it on, by
holding thumb over end of hose, inhaling gently.

2. Manipulate the mask at frequent intervals when
the temperature is low, to free it of any ice that
may form. Some masks have rubber flap (inhalation
baffle) inside to prevent accumulation of moisture
in oxygen inlet ports. Know how to handle your
mask if it freezes. Your life depends on it. If possible,
obtain a mask heater or carry an extra mask. See
your Personal Equipment Officer.

3. Check the oxygen pressure gage frequently.
The regulator does not function properly with a
pressure of less than 50 psi.

A-9A Conti Flow Regulato A-8B Oxygen Mask

REV. No. 2

REVISED APRIL, 1945 NIF 4-3-3

Use the Auto-Mix lever in the
OFF or 1009, OXYGEN position only:

For the treatment of shock or hemorrhage,
at any altitude.

For protection against fumes.

For protection against the bends,

if your Flight Surgeon advises breathing
pure oxygen from the ground up

in special cases.

For symptoms of anoxia.

After a Flight:

Wipe the mask dry. Wash it frequently with soap
and water, rinse well, and dry thoroughly. Masks
with microphones should not be immersed in water;
they should be wiped with a wet cloth.

Inspect mask and hose for cracks and punctures.

Don’t lend your mask to anyone except in an
emergency.

Continuous Flow System

Some of the older airplanes which do not operate
at extremely high altitudes are still equipped with
continuous flow oxygen equipment. The A-8B mask
is used with the A-9A regulator in the continuous
flow system. y

The A-8B mask is a re-breather type. The bag
helps conserve oxygen from the exhaled air. The
mask contains 2 sponge-rubber discs in the turrets
of the face piece. When you are exposed to freezing
temperatures, squeeze the discs to free them of
moisture; otherwise ice may block them.

The A-9A regulator is entirely different from the
demand regulators. You get a continuous flow of
oxygen by opening the valve until the needle on

Turn on Eme.rgency Valve only:

To revive an unconscious crew member.
If regulator fails. Watch flow indicator.
When removing mask at altitude.

If mask slips during a pull-out.

If a hole is shot in the oxygen tube.
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To Remove Mask at Altitude

1. Unhook mask on right side, but hold
tightly against face.
2. Turn on Emergency flow.
. Take 3 or 4 deep breaths.
. Hold breath and drop mask.
Don'’t breathe outside air.
Replace mask and start to breathe.
. Turn off Emergency flow.
You can repeat this procedure, if neces-
sary, but don’t breathe outside air.

the dial corresponds to the altimeter reading. If you
adjust this valve to correspond to the altitude you
always get the proper amount of oxygen. During
ascent or periods of unusual activity, keep valve set-
ting about 5,000 feet higher than your altitude.

In cargo type aircraft, passengers are supplied
from an automatic continuous flow system. In this
system the A-11 regulator supplies oxygen for 1 to

15 passengers. Passengers are equipped with A-8B
or A-TA masks.

Precautions

Maintenance:
Have rate-of-flow checked every 10 days with a
ground flow check-meter.
Keep all parts free of oil, grease, and dirt.
Check entire system for leaks. Pressure should be

Warning

Be extremely cautious not to contaminate
your oxygen equipment with oil, grease, or
hydraulic fluid. Fire or explosion may result
if even slight traces of oil or grease come in
contact with oxygen under pressure.

Be sure that all lines, fittings, instruments,
and other parts are free of oil, grease, and
other foreign matter.

NEVER USE LUBRICANTS ON ANY PART
OF THE OXYGEN SYSTEM
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maintained overnight with all regulators in the
“OFF” position, if there has been no appreciable
change in temperature.

Make sure that the valve adjustment knob of regu-
lator has enough resistance against turning to pre-
vent its being accidentally moved during flight. If it
is loose, tighten the valve gland packing nut.
Pre-Flight Check:

1. Check the cylinder pressure. It should show
400 pounds per square inch.

2. Open regulator flow valve wide and be sure
needle registers maximum flow.

3. Make sure rubber gasket is present at end of
mask hose.

4. Check connections between mask, bag, and
connecting tube.

5. Make sure bayonet connection is locked.

6. Check re-breather bag for holes. Be sure plug
is in bottom of bag.

7. See that exhalation disks are in place.

8. Carry extra sponge-rubber disks and protective
shields for exhalation turrets or a protective fabric
bag for entire mask. Take along an extra mask if
you go to altitudes above 20,000 feet, in case the one
you are wearing freezes.

9. Adjust mask straps for comfortable fit.

In the Air:

1. Be sure your regulator is set at proper altitude.

2. Check cylinder pressure occasionally.

3. Breathe normally. Over-breathing is danger-
ous; it may produce dizziness and other serious
effects.

4. Put protective shields on exhalation turrets or
use the fabric bag whenever the temperature falls
below 10°F (-12.3°C). If shields and bag are not
available, examine the sponge disks at intervals
and remove any ice by squeezing them, or change
the sponges.

5. Above 30,000 feet the re-breather bag should
never be completely collapsed when you inhale. If
it does collapse, open the valve further, no matter
what the flow indicator reads.

6. After you change your station at altitude be
sure the regulator is properly set and that the bayo-
net fitting is locked.

After a Flight:

1. Shut all flow valves tight.

2. Wash mask with soap and water, rinse well,
and hang to dry.

3. Don’t lend your mask to anyone except in an
emergency.

4. Keep your mask in a safe place and away from
sunlight.
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PORTABLE
O0XYGEN
EQUIPMENT

Walk-Around Bottle

Large airplanes are provided with portable oxy-
gen equipment consisting of walk-around oxygen
cylinders and regulators. This equipment allows you
to walk away from your oxygen station in the plane
and provides an emergency source of oxygen.

Three types of portable assemblies are in use:

1. The A-4 cylinder and A-13 regulator. Duration
of supply, 3 to 8 minutes.

2. The D-2 cylinder, which has a harness for the
shoulder, and A-13 regulator. Duration of supply,
20 to 50 minutes. F

3. The A-6 cylinder and A-15 regulator, which has
clip for attachment to the clothing or parachute
harness and an Auto-Mix mechanism (but no lever).
Duration of supply, 15 to 40 minutes.

The duration of supply is variable, depending up-
on the altitude and how much work you are doing.
The only safe rule for using walk-around equipment
is to watch the gage. Fill your cylinder before take-
off and refill it from the plane’s oxygen system
whenever the pressure falls below 100 pounds per
square inch.

To Use the Portable Unit

1. First check the pressure gage to make sure the
pressure is at least that of the airplane’s oxygen
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H-2 Bailout Bottie

system. If it is not, recharge the cylinder by means
of the portable recharging hose at each oxygen
station.

2. Take a deep breath, hold it, then disconnect
mask hose from regulator hose.

3. Quickly lift spring cover on walk-around regu-
lator and plug in tight the male fitting of your mask
hose. :

4, Now start to breathe again.

.

On all flights above 30,000 feet. Keep your
bailout bottle connected to your oxygen
mask. This gives you most protection in an
emergency.
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Oxygen for Ditching

If you have to ditch, prepare for under-
water escape from your plane by wearing
your oxygen mask connected to your walk-
around bottle and A-13 regulator. The dura-
tion of the A-4 portable cylinder is short un-
der water, but with the D-2 portable cylin-
der you can breathe for about 6 minutes at a
water depth of 10 feet.

5. Fasten unit to yourself by means of clip or
shoulder strap.

6. Watch for twisting or kinking of hose.

7. Keep bottle filled! Refill at 100 pounds!

8. Never leave your oxygen station at high alti-
tude without a walk-around bottle.

BAILOUT OXYGEN CYLINDERS

H-1 Bailout Bottie

Two bailout oxygen cylinder assemblies are avail-
able for parachute descents from high altitudes. Both
are completely self-contained units with pressure
gage and release valve.

Either cylinder must be tightly fitted and securely
tied in a pocket sewn to the flying suit or harness.

Before takeoff, check the cylinder’s pressure gage.
It should read at least 1800 pounds per square inch.
Either cylinder assembly can be used in parachute
descents above 30,000 feet.

Type H-1: Before jumping, grip pipe stem between
your teeth and completely open flow valve.

Type H-2: Before jumping, pull the release to
open flow valve. Then, disconnect the main oxygen
tube and tuck it inside your jacket. If this is im-
possible hold your left hand over the free end.
Then jump, keeping free end of main oxygen tube
covered until parachute opens.
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PRESSURE
BREATHING

Pressure demand equipment increases your safe
ceiling. With it you have a greater safety factor be-
tween 30,000 feet and 40,000 feet. The extra pressure
compensates for possible small leaks in your mask
fit and insures your getting 1009% oxygen. Breathing
out against pressure takes a little effort, but you
get used to it quickly.

With pressure demand equipment you can safely
fly as high as 43,000 feet. In emergencies you can go
even higher for brief periods.

The pressure demand oxygen system is the same
as the regular demand system, except for the regu-
lator and mask.

Pressure Demand Regulator Type A-14 is a Type
AN-6004-1 diluter demand regulator to which a
spring-weighted diaphragm has been added for
pressure breathing.

Pressure Mask, Type A-13A or A-15, is a special
one which must be used for pressure breathing.
It can be used with some regular demand regu-
lators (Aro type), but a regular demand mask can-
not be used for pressure breathing.

Flow Indicator. Without pressure breathing the
blinker works the same as with the regular de-
mand system. With safety pressure or pressure
breathing, the blinker may not work.

How to Use Pressure Demand Equipment

Below 30,000 Feet:

Use regulator just like regular demand regulator.
It can be used with regular demand mask or with
pressure breathing mask. With regular demand
mask, you can obtain an emergency flow by turning
the pressure dial on the regulator.

Above 30,000 Feet:

Use regulator for pressure breathing by turning
dial clockwise. The regulator gives you 1009 oxygen
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A-14 REGULATOR
PRESSURE BREATHING

on demand. The farther you turn the dial the greater
the flow pressure of oxygen.

How to Use Dial Control

Below 30,000 feet, keep setting on NORMAL.

Between 30,000 feet and 40,000 feet put setting on
SAFETY.

Between 40,000 and 41,000 feet, set dial to 41M.

Between 41,000 and 43,000 feet, set dial to 43M.

Between 43,000 and 45,000 feet, set dial to 45M.

Above 45,000 feet, set dial to 45M ABOVE.

To be safe, always have the dial setting slightly
higher than the altimeter reading.

Check Your Mask Before Each Flight

1. Do a suck test, as with regular demand mask,
holding thumb over end of mask tube. This tests
the fit and the exhalation valve. When you inhale,
the mask should be sucked in toward your face.

2. Hook up mask to regulator, turn dial up to
give oxygen under pressure, and hold your breath.
Oxygen should stop flowing into mask. If it keeps
flowing, check mask fit and exhalation valve.

3. Now breathe with oxygen under pressure to
be sure you can exhale easily. If you can’t, check
with your Personal Equipment Officer.

4. Clean mask periodically with a wet cloth.

REFERENCE: Technical Order No. 03.50-31

Don’t use pressure breathing below 30,000

feet. It wastes oxygen. Below 30,000 feet
keep Auto-Mix Lever on NORMAL OXYGEN
and the dial setting on NORMAL.
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DANGEROUS

GASES

The air you breathe while in flight should be free
of all other gases except the oxygen from your mask.
Exhaust gases, gasoline wvapors, hydraulic fluid
fumes smoke, or poison gas may contaminate the
cabin air. In sufficient concentration, any of these is
dangerous. You can protect yourself from them by
knowing when to suspect their presence and by
observing the necessary precautions.

Exhaust Gas

Exhaust gas is a mixture of several substances.
Among them are carbon monoxide and oxides of
nitrogen, both of which are poisonous. In exhaust
mixtures, carbon monoxide is the more important,
for it is present in larger amounts. Carbon monoxide
acts by combining with the red cells of the blood and
making them useless for carrying oxygen to the
body tissues. This results in oxygen want or anoxia.
As you ascend from sea level the dangers resulting
from carbon monoxide increase, even below 10,000
feet, unless you use your oxygen mask.

In Flight:

The effects of carbon monoxide poisoning are simi-
lar to those caused by oxygen lack—shortness of
“breath, headache, nausea, dizziness, dimming of
vision, poor judgement, weakness, unconsciousness,
and death. The higher the concentration of the gas,
the longer you breathe it, the higher the altitude
(unless you'use your oxygen mask), and the greater
your activity, the more severe are the symptoms.

Like anoxia, carbon monoxide poisoning may give
no warning. The gas itself has no odor, but you can
be pretty sure of its presence if you smell exhaust
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gas. The only szfe rule for protecting yourself against
carbon monoxide in flight is to wear your oxygen
mask with the Auto-Mix in the OFF or 1009
OXYGEN position whenever you smell exhaust
gases. In this way you get pure oxygen to breathe
and are completely protected from any gases in your
compartment. As soon as you safely can, land and
report the trouble to your Engineering Officer. If
you had any unpleasant sensations during flight see
your Flight Surgeon as soon as possible.

Don’t use your exhaust heater during combat.
Enemy gun fire may cause dangerous leaks of ex-
haust gas into the cabin.

On the Ground:

Carbon monoxide is always present in poorly
ventilated hangars and garages when engines are
running. Therefore, don’t run any kind of engine
longer than necessary inside closed hangars and
garages. Ventilate such places as much as possible.
If the doors must be kept closed, don’t stay inside
any longer than necessary.

In cold regions, where gasoline or oil stoves and
lamps are used in closed buildings or tents, carbon
monoxide is formed whenever fuel is burned.
Cross-ventilation is your only reliable protection.

Gasoline Vapors

Gasoline vapors in aircraft cabins may cause
serious trouble. Aviation gasoline contains special
compounds which make its vapors more dangerous
than those of ordinary gasoline. One gallon produces
30 cubic feet of vapor at sea level, These vapors are
heavier than air.

Breathing gasoline vapors is harmful because the
vapors are easily absorbed by the lungs. Even one-
tenth of the concentration of gasoline vapor which
is necessary to support combustion is dangerous if
inhaled for more than a short time. Symptoms may
include dizziness, nausea, headache, burning and
watering of the eyes, restlessness, excitement, disori-

NORMAL
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entation, disturbances of speech, vision, and hear-
ing, convulsions, and unconsciousness.

One gallon of gasoline produces 1600 cubic feet of
explosive vapor at sea level and has the blasting
power of 83 pounds of dynamite.

If a gasoline leak occurs in your airplane, or if any
occupant smells gasoline vapors during flight:

Ask the pilot to leave all electrical and radio
equipment switches just as they are; the slightest
spark may cause an explosion.

Ventilate the cabin if possible.

Have crew and passengers put on oxygen masks
with Auto-Mix in OFF or 100% OYGZXEN posi-
tion. This excludes contaminated air from the lungs.

Have all aboard stop smoking; put on goggles, if
available, to protect eyes from irritation; roll down
sleeves and put on gloves, helmet, and other articles
of clothing for protection against burns in case of fire.

Hydraulic Fluid Vapors

Some types of hydraulic fluid contain substances
which are dangerous when their vapors are inhaled.
They cause irritation of the eyes and breathing pas-
sages, headache, dizziness, and disturbances of judg-
ment and vision. These harmful effects are increased
by altitude or by high temperatures. Use your oxy-
gen mask with Auto-Mix OFF (100% OXYGEN)
if hydraulic fluid leaks into the cockpit.

A spray of hydraulic fluid ignites easily and
spreads its flames rapidly. Be on guard against fire
if a hydraulic leak occurs.

Smoke

Smoke may arise in the airplane from a variety
of sources such as hot oil fumes, a break in the cool-
ant fluid lines, or from signal flares. Some types of
smoke are dangerous to breathe, but all smoke will
irritate your eyes and throat and make you cough.
Don't take chances. Wear your goggles and use your
oxygen mask with the Auto-Mix OFF and breathe
1009 oxygen until you clear the cabin of smoke.

Poison Gas

The poison gases which were known at the end of
the last war are all heavier than air and tend to
collect near the ground. Most of them have a dis-
tinctive odor:

Phosgene and Di-Phosgene (odor of musty hay or
decaying leaves).

Chlorpicrin (sweetish smell, like licorice).

Mustard gas (smells like garlic or onion).

Lewisite (geranium-like odor).
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Accurate identification of these gases may be im-
possible, because of the use of mixtures or of newly
developed agents. Most of them cause irritation of
the eyes and lungs.

A gas mask, of course, is the ideal protection
against these poisons. When a gas mask is not avail-
able, your oxygen mask, together with goggles, pro-
vides the best type of protection. But be sure to keep
the Auto-Mix OFF (1005 OXYGEN).

Phosgene is formed when the carbon tetrachloride
in your fire extinguisher comes in contact with fire.
Ventilate aircraft thoroughly after extinguishing
fire, to avoid unnecessary exposure to phosgene, or
protect yourself by means of gas mask or oxygen
mask.

First Aid

If a man is overcome, begin first aid at once:

1. Remove him from the source of the gas.

2. Give him pure oxygen to breathe, if available
(turn on Emergency flow).

3. Begin artificial respiration immediately.

4. Keep him warm.

5. Send for a Medical Officer.

6. Never exercise a person who has been over-
come by gas. This only makes him worse.

References: AAF Ltr 62-9, AAF Reg. No. 56-20

SMOKING IN AIRCRAFT
IS PROHIBITED

During all ground operations.

During and immediately after
takeoff.

During fuel transfer operations,

Immediately before and after
landing.

Any time any occupant detects
gas fumes.

In bomb bay or fuselage section
containing auxiliary gas tanks.

In the passenger compartment
of C-87 type aircraft at all times.

In the C-54 type aircraft when
fuselage tanks are installed.

At any time or place whenever
aircraft commander deems such
action necessary for safety.
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AT NIGHT

REVISED APRIL, 1945 NIF 4-5-1

NIGHT BLIND spoT

Some animals see as well at night as during the
day. Man cannot. But your efficiency and your effec-
tiveness in night work depend on your night vision.
Learn how to improve it.

Night vision differs from day vision. In daylight
the center of the retina, or lining of the eye, is the
most sensitive part of the eye. At night, however,
the center of the retina can’t see at all. It is called
the night blind spot. In dim light the off-center parts
of the retina are most sensitive. Try it. You see best
at night when you look slightly off-center or to the
side of the object you wish to see. The off-center
parts of the retina also detect movement more easily
than does the central part.

When searching the sky, earth, or surface of the
sea at night, the most effective and simple method
is scanning. Keep your line of sight fixed in one
direction for about a second. Then move your eyes
or head in jumps of 10 to 20 degrees, as in reading a
book, and pause for a second or two at the end of
each jump. In this way you cover the entire field
in a series of eye or head movements and pauses.

If you remain in a dark room your eyes gradually
see things which they could not see at first. This is
known as dark adaptation. By adapting your eyes to
darkness you increase their sensitivity 10,000 times;
that is, after only 30 minutes in the dark you can see
a light 10,000 times dimmer than any you could have
seen in bright light. You can also adapt your eyes in
a light room by wearing red-lensed goggles. It takes
a half-hour to adapt to dark, but you lose your adap-
tation temporarily by exposing your eyes to bright
light for only a brief period.

The retina is highly sensitive to oxygen lack. So
on all night flights, except low altitude training mis-
sions, use oxygen from the ground up. It pays.

Ability to see at night depends upon your body’s
content of Vitamin A, obtained chiefly from eggs,
butter, milk, cheese, liver, carrots, squash, peas,
apricots, and peaches. Eat them liberally.
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Dirt, oil, and scratches on Plexiglas, goggles, or
windows make night vision more difficult. They
scatter light and produce glare. Keep your goggles
and windows clean and free of scratches.

AIDS TO NIGHT VISION

Stay in a dark room or wear red-lensed
goggles. (Goggles, Assembly, E-1, Class
13, Stock No. 8300-331450) for a half-hour
before any night operation.

Protect your adaptation. Don't expose
your eyes to bright lights, either inside or
outside airplane, before you take off on a
mission or during flight.

Keep all non-essential lights in plane
turned out and dim all essential lights.

Make readings fast; then look away.
Don’t look too long at lighted instrument
panel or charts. Or use only one eye; the
other will retain its dark adaptation.

Use red light at your desk, if possible.
But remember then that red lines will not
show as red on your charts.

Use oxygen from the ground up on
night flights.

Keep windshield, windows, and gog-

gles clean and free of scratches.

Practice off-center glances at night.
Get enough Vitamin A, Eat proper foods.

Don’t Stare at Night

If you stare at a light in a dark room, you soon
think the light has begun to move. The same thing
happens when you stare at a light outside the air-
plane while flying at night.
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CLIMATE AND HEALTH

REVISED APRIL, 1945 NIF 4-6-1

The AAF has circled the earth. Its flying operations are conducted over
every type of terrain, desert, jungle, and Arctic, where the temperatures
range from higher than 130°F to lower than -50°F. Each region presents
special problems in living. Learn what they are and how to cope with them.

WARM CLIMATE HEALTH
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In warm regions such as the tropics, desert, or
jungle several weeks may be required for your body
to become completely adapted to the heat. During
this period protect yourself from sunstroke or heat-
stroke by following a few simple rules.

Clothing

During the daytime protect yourself from the
severe burns which may result from exposure to the
intense rays of the sun. Wear a cap or sun helmet
and lightweight clothing which exposes as little of
the body as possible. Clothing should be loose and
porous to permit evaporation of sweat. This helps
cool you. Get in the habit of shaking out your
clothes before putting them on, so as to rid them of
flies, insects, and snakes. Tinted goggles or sun-
glasses protect your eyes from the glare of the sun;
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also from dust and sand. Protect exposed areas of
body with sunburn protective ointment.

Don’t sunbathe right away. It’s dangerous, unless
you develop a tan gradually. A good plan for sun-
ning yourself is 5 minutes’ exposure the first day,
increased by 5 minutes each day until you are
thoroughly tanned. Don’t get burned!

Although the temperature may be intensely hot
on the ground, the air is cooler the higher you
climb; at high altitudes it is extremely cold. So be
prepared to add or remove clothing according to
the temperatures you encounter.

Even on the ground, nights are frequently cold in
the desert. Anticipate rapid changes in temperature
by having warm clothing available at night. Woolen
socks are best for general use; they provide the
greatest comfort because they absorb moisture well
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and are good insulators. Wear GI shoes. They keep
out sand and protect your feet better than oxfords.
You can also walk home in them.

Water and Salt

If your water supply is limited, you must use
it sparingly. With care you can get along on sur-
prisingly little.

Keep physical exertion at a minimum. Exertion
makes you sweat; sweating makes you thirsty. Stay
out of the sun as much as possible. Do your heavy
work in the shade and during the cooler hours of
late afternoon, evening, or early morning. Cut down
on your smoking as it makes you thirsty; chew
gum instead. Rest as much as possible, and take ad-
vantage of the breeze. Go easy on alcoholic drinks.
They increase your body’s need for water.

If you find yourself sweating heavily, salt your
food liberally at meals to help make up for the salt
lost through sweat. Your Flight Surgeon may advise
taking salt tablets in addition. Check with him on the
dosage, for salt tablets may do more harm than
good if your water ration is limited.

If your body loses too much salt through sweating,
you may get heat cramps in your muscles.

Sunstroke is usually caused by prolonged expo-
sure to the direct rays of the sun, although it may
occur even in cloudy weather. It is a serious condi-
tion. Symptoms may include headache, dizziness,
red spots before the eyes, and vomiting.

Heatstroke is a similar condition resulting from
exposure to.excessive heat from any source.

All of these conditions can be prevented by avoid-
ing sun, sweat, toil, and salt-loss as much as possi-
ble. A victim of sunstroke or heatstroke must have
prompt treatment. Give him a bath in cold water,
cover with wet sheets, or simply pour cold water
over his clothes and fan him.
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Disease

In the tropics and desert, certain diseases are
usually present. Know what they are, how they are
transmitted, and precautions to take, so you can
avoid getting them. Guard constantly against:

Insects

Contaminated food and water

Breaks in the skin’s surface

Insects

Mosquitoes in the tropics are your greatest danger.
They transmit malaria, yellow fever, dengue, and
other diseases which can lay you low as surely and
effectively as an enemy bullet. Mosquitoes breed in
water. They usually rest in the shade during the

tong Trousers

day and bite at night. In dense jungles or dark
rooms, however, they may bite during the day.
Keep yourself covered at night. Wear long trous-
ers, sleeves, gloves, and headnet. Smear exposed
surfaces of the skin, such as your face and neck,
with mosquito repellent every 3 or 4 hours during
late afternoon and night. Apply carefully, as mos-
quitoes will find and bite every small untreated spot
even though it is completely surrounded by repel-
lent. After dusk stay away from native villages and
swamps. In heavily infested areas, wear clothing
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which has been treated with mosquito repellents.

Sleep under a bednet. Inspect and spray inside it
to kill mosquitoes before entering. Tuck net under
blanket or mattress. Keep it mended.

Use mosquito spray (Aerosol or DDT) liberally
in your tents and buildings.

Malaria. This is one of the most widespread dis-
eases in the world. It is a major military problem in
South America, the Indies, Africa, the Middle East,
India, Burma, Thailand, Indo-China, China, and
Malaya. It is carried by the anopheles mosquito,
which injects the malarial parasite into your blood.

The disease takes different forms with symptoms
appearing about 2 weeks after infection. You may
then experience headache, chills, fever, and other
symptoms, depending on the type and severity of
the disease. Prevention of malaria is largely up to
you. Don’t give the mosquitoes a chance. In certain
regions you may be advised to take atabrine to help
prevent malaria. If so, take it regularly, according
to local directives and the instructions of your
Flight Surgeon.

Other diseases transmitted by mosquitoes include:

Yellow Fever. Confined at present to Eastern and
Central Africa and the bulge of South America. Vac-
cinations against this disease protect you.

Dengue (Breakbone fever) occurs in tropical
regions, chiefly at the end of the rainy season. Symp-
toms consist of muscle and joint pains, backache,
fever, and rash. The mosquito which transmits it
bites mostly during the daytime. You must protect
yourself from it to avoid the disease.

Besides mosquitoes there are other pests you
should steer clear of:

Flies. They breed in filth and transmit the germs
of dysentery and typhoid from human waste to your
food. Protection against flies requires screening of
latrines and kitchens, proper disposal of garbage,
and frequent spraying with Aerosol or DDT. Special
types of flies may transmit other diseases, such as
sand-fly fever, yaws, and sleeping sickness.
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Mites. Small six-legged insects about the size of
a pinhead, sometimes known as red bugs or chiggers.
They transmit typhus or scrub typhus (Tsutsugamu-
shi fever). This disease is prevalent in the South-
west Pacific and the China-Burma-India theater. It
results in headaches, chills, and fever. Cover the
body, avoid sleeping on the ground, and wear cloth-
ing impregnated with anti-mite fluids or insect re-
pellents, for protection.

Lice. They carry the germs of typhus fever and
relapsing fever. Lice hide in the seams of dirty
clothing and spread from one person to another. Boil
infested clothing or sterilize with chemicals.
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Fleas. Most fleas are harmless. In India and South
China, however, rat fleas transmit the deadly disease
called plague. Avoid this threat by spraying your
quarters with Aerosol or DDT and keeping rats out.

Food and Water

In warm climates foods spoil quickly. There is
danger also of contamination of food and water by
germs which cause typhoid, dysentery and cholera.
You can prevent typhoid and cholera, to a large

RESTRICTED



RESTRICTED

extent, by immunization injections. The dysenteries,
however, cannot be prevented in this way. You must
rely instead on sanitary measures and precautions.
Know what foods are safe and how to protect your-
self against those that may not be.

The safest food is served in Army messes. If
canned rations are used they should be eaten soon
after opening or stored in a cool place under fly-
proof covers.

Food obtained from natives should be thoroughly
cooked before eating. Thick-skinned fruits which
can be peeled need not be cooked. Lettuce, radishes,
celery, salad greens, melons, and strawberries are
likely to carry disease germs. Never eat them raw.
The natives commonly soak melons in water, often
polluted, to increase their weight. Never use milk
products such as butter, cheese, and ice cream,
which are sold by the natives.

In desert and tropical regions, water also is im-
portant in transmitting intestinal infections. Consid-
er all surface water unsafe, whether in streams,
wells, fountains, ditches, or cisterns. Don’t wash in
it, don’t brush your teeth with it, and above all don’t
drink it! Don’t even put ice in your drinks unless
the ice has been prepared by the Service. Native
ice may harbor germs of dysentery or typhoid.

Water of questionable purity should always be
sterilized before you use it. You can sterilize water
in any one of three easy ways:

1. Boil it for at least 5 minutes.

2. Use Water Purification Tablets (Halazone).
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Add one tablet to the pint, shake, and wait a half-
hour before drinking.

3. Add three drops of iodine to the quart, shake,
and wait a half-hour before drinking.

Care of the Skin.

In hot climates, skin troubles are common. Treat
even trivial cuts, scratches, and bites promptly (See
NIF 7-15-1), or serious infection may result. Don't
hesitate to see your Flight Surgeon. The following
precautions will help keep you out of trouble.

Never walk about with bare feet in warm climates.
Floors are likely to harbor the germ that causes
athlete’s foot. Consider all native areas infected.
Small worms in the soil may burrow into the skin
and cause infections such as hookworm or bilhar-
ziasis. Don’t go swimming on beaches near native
villages. The water may be contaminated with the
flukes which cause schistosomiasis.

Bathe yourself and change your sox and under-
wear as often as possible. Keep the skin folds be-
tween the toes, in the armpits, and the groin clean
and dry to prevent fungus infections like ringworm.
Powder these parts liberally with GI foot powder.

Venereal Diseases.

In the tropics, venereal diseases are common,
among prostitutes and most native women as well.
In addition to syphilis and gonorrhea, large numbers
of them are infected with chancroid, lymphogranu-
loma venereum, and granuloma inguinale. Don’t
give them a chance to give it to you. The treatment
of these diseases is longer than their names.
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COLD CLIMATE HEALTH

The principal hazard in cold weather operations
is frostbite. It can be more serious than most people
realize. It can cost you a finger or toe, even a hand
or foot. Protect yourself with the proper equipment
and by observing a few simple principles.
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Clothing

All clothing should fit loosely. This applies particu-
larly to your sox, boots, and gloves. Tight-fitting
clothing interferes with the blood circulation and
makes you more susceptible to frostbite. Individual
garments should be light and porous. Wear several
layers if possible. Two light garments afford better
insulation than a single heavy one. Wear long
woolen underwear on all flights over cold regions.
Wear two or three pairs of loose-fitting woolen sox
in sub-zero climates, but be sure that your boots fit
loosely over them.

Leather shoes are dangerous in extreme cold. They
not only afford poor protection, but may cause harm
if they fit tightly over your sox. Don’t wear ordi-
nary GI shoes inside your winter flying boots. Use
woolen sox and felt liners or electrically heated shoes

" instead.

If possible wear two pairs of gloves or mittens—
a rayon or other light pair inside heavier ones (either
A-9's, A-12's, or electric gloves). Mittens are better
than gloves, for they allow your fingers to come in
contact with each other and help keep them warm.

Keep your sox and underwear clean. After they
have become soiled by body oils and secretions,
they lose much of their insulation value.

Keep Your Clothing Dry

Wet clothing is almost worthless in protecting you
from the cold. If any part of your clothing becomes
moist, either by accident or through perspiration,
take it off and dry it over a fire or change to dry
clothing immediately. Wet feet and hands are par-
ticularly dangerous in cold climates for they fall
easy prey to frostbite.

Exercise to keep warm but guard against over-
exertion in extreme cold. Overexertion makes you
sweat and the perspiration may turn to ice inside
your clothing. This is dangerous. If necessary to per-
form much physical work, open or remove some of
your clothing in order to prevent perspiration. Don’t
put on a heavy suit until just before takeoff. Wipe
your body dry; then dress slowly. Once dressed,
exercise no more than necessary.

Electrically Heated Flying Suits

Electrically heated flying suits permit you to fly
for long periods at extreme altitudes without getting
cold. They have the advantage of eliminating bulki-
ness and permitting greater ease in moving about
the plane. There is one great disadvantage, however,
in relying on them while flying over cold regions. If
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your electric system fails, if you are forced down,
or if you have to bail out, you are left without ade-
quate protection against the cold. Always carry
additional heavy clothing with you on such flights.

Know how to use your electrically heated suit,
and treat it carefully. The electric heating elements
are fragile. Hang your suit up to dry between flights,
if possible, and have it tested by your Personal
Equipment Officer. Two types are now in use, the
F-2 and the F-3. They will protect you down to
—40°F. If lower temperatures are encountered, add
other flying clothing.

How to Wear the F-2 Svuit

1. Wear your F-2 electrical suit over long woolen
underwear. (If your suit is the F-1 type, wear addi-
tional clothing over it as well.) The F-2 suit affords
adequate protection down to —40°F. If operating at
lower temperatures, add other flying clothing.

2. Put on the shoes with inserts over lightweight
woolen sox. Then connect the snap fastener tabs
on the trouser leg to the corresponding snaps on the
shoe insert. Be sure that both pairs of snaps are
properly connected. 4

3. Connect the tab at the top of the trousers to the
corresponding snap fasteners on the inside of the
jacket at the right. Make certain both pairs of snaps
are securely snapped together. Connect 6-foot lead
cord to jacket pigtail.

4. Put on regulation flying helmet and auxiliary
equipment. Protect your neck from the cold by
wearing a wool or silk scarf.

5. Put on lightweight rayon gloves. Snap the tabs
on the jacket sleeves to the corresponding snaps on
the heated gloves. Then put on the electrically
heated gloves.

How to Wear the F-3 Suit

1. Begin to dress by putting on long woolen
underwear, woolen sox, GI trousers and shirt.

2. Then add the F-3 electrically heated trousers.
Adjust the shoulder straps to fit comfortably. Your
F-3 heated jacket goes on next. Make sure both
trousers and jacket fit properly.

3. Connect cord on right underside of jacket to
receptacle at waistline of trousers. Make certain
both prongs of plug fit into receptacle.

4, Now put on heated shoe inserts. Type F-2 is
used for both F-2 and F-3 suits. Connect both snap
fasteners on each leg of the heated trousers to snaps
on shoe inserts.

5. Next come the A-9 alpaca-lined trousers. Reach
inside right or left pocket and pull electric cord or
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HEATED LINING

GLOVE TAB
CONNECTION

RHEQSTAT CONTROLS
HEAT ONLY WHEN
LEFT PLUG IS USED

F-2 ELECTRICALLY HEATED FLYING SUIT

L e T S R T I T P P S ST RS T S

pigtail through. Then put on the B-10 jacket.

6. Now, the finishing touches: outer boots, helmet,
and scarf. Connect 6-foot lead cord to pigtail.

7. Check all previous steps. Then add your gloves;
first, the rayon or silk gloves. Then snap tabs on
sleeves of heated jacket to snaps inside gauntlets
of electrically heated gloves. Now put on your
heated gloves. Take along a pair of A-9 mittens, in
case of emergency.

8. You can plug an oxygen mask heater or elec-
trically heated goggles into the connecting block on

REV. No. 2
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CORD FROM OXYGEN
MASK AND GOGGLE
HEATER

PIGTAIL CONDUITS
WITH SIX FOOT
EXTENSION CORD

HEATED GLOVE

Your complete F-2 wardrobe
should contain the following

items of clothing:

. Jacket

. Jacket Insert, Heated
Trouser

. Trouser Insert, Heated
. Helmet

. Shoes, Felt

. Shoe Insert, Heated

© N O Vs W N =

Gloves, Heated

el

. Rayon Glove Inserts
. A-12 Mittens

. Scarf

. Lead Cord

. Woolen Shirt

. Light Socks

HEATED LINING

= A
=N O]

HEATED
SHOE INSERT

el o | R S
(S SN AN 8

. long Underwear

the front of your trousers.

Connect your extension plug in the left receptacle
of the built-in rheostat before takeoff and be sure
that the suit is working properly. The plug can be
locked into position by a simple clockwise twist.
When in flight, keep the rheostat at the lowest com-
fortable heat. Don’t ride hot, it will make you sweat.

Never rely on electrically heated suits alone when
flying over cold regions.

Your electrical suit may affect compass deviation.
Be sure to check it with the suit plugged in.
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HEATED JACKE e

HEATED GLOVE

[4

PIGTAIL

RHEOSTAT CONTROLS
HEAT ONLY WHEN
LEFT PLUG IS USED

HEATED SHOE INSERTS J

TAB CONNECTIONS

F-3 ELECTRICALLY HEATED FLYING SUIT

<+——HEATED TROYSERS

<

-
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h WOOLEN SCARF

MAKE CONNECTIONS
PROPERLY

_Y «+——TAB CONNECTION

TO GLOVES

Your complete F-3 wardrobe
should

items of clothing:

contain the following

. Jacket, Alpaca lined, Type
B-10.

(OVERALL TYPE) Jacket, Heated, Type F-3

SR

Trousers, lined,

Type A-9

Alpaca

Trousers, Regulation GI
Trousers, Heated, Type F-3

Helmet

N woa

. Shoes, outer felt or Type
A-6

. Gloves, Heated, Type F-2
. Gloves, rayon or silk

10. Mittens, Type A-9

11.
12.
13.
14.
15.

Scarf
HEATED SHOE INSERTS Lead Cord

. Shirt, Regulation GI
Socks, Regulation Wool

Long underwear

Check your suit after each flight. Look for exces-
sive wear at all flexion points where electric wires
might short out or break. If an ohmmeter is avail-
able, check the resistance of your suit at frequent
intervals. The resistance in ohms is marked on the
trousers, jacket, and each shoe and glove. If the
ohmmeter shows the resistance to be more than 10%
off, turn in the item for a new one.

Frosthite

* Frostbite occurs most commonly in the fingers,

REV. No. 2

toes, nose, ears, chin, and cheeks. It may set in
gradually and painlessly and without your being
aware of it. Numbness, stiffness, and -a whitish dis-
coloration of the affected part are among the first
signs. Wrinkle your face frequently when exposed
to cold air; if it feels numb, warm the affected part
with your ungloved hand until sensation returns.

Crew members should watch each other’s faces
and be on the alert for areas of blanching. In this
way serious trouble can be prevented. Frostbitten
tissues may later become painful. Such tissues should
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Warm hands by placing inside clothes under armpit

never be rubbed. Never apply snow or ice to a
frostbitten part. If your hand becomes cold or
numb, warm it by placing it inside your clothing
or under your armpit. Frostbitten tissues should
always be thawed gradually. When possible, thaw
them at ordinary room temperature. They should
never be placed near a heater or immersed in warm
water or in kerosene. Any of these procedures may
cause irreparable damage.

If frostbite occurs, cover the frostbitten area with
a loose sterile bandage. Keep the patient comfortably
warm with blankets or a sleeping bag and by giving
him hot drinks; and give him 100 per cent oxygen
to breathe (Auto-Mix OFF or 100% OXYGEN).
Report to your Flight Surgeon immediately after
returning from your flight.

In extremely cold weather never touch cold metal
with your bare hands, even for a moment. Your
skin may freeze to it. If by accident this should
happen, thaw your skin loose from the metal by
warming the latter or by urinating upon it—don’t
pull your fingers loose.

REVISED APRIL, 1945 NIF 4-6-8

Snowblindness

Snowblindness is caused by exposure of your
eyes, even for brief periods, to the glare which exists
in snow-covered regions. The resultant damage to
your eyes may cause intense pain and seriously
interfere with your vision for several days—some-
times even longer. The hazard of snowblindness is
particularly great on sunny days, but the glare

Wear colored goggles or sunglasses

which results from a bright overcast is almost as
dangerous. Always protect your eyes by wearing
colored goggles or sunglasses. In the Arctic, snow-
blindness may be brought on by merely lifting your
goggles a half dozen times.

Body Heat

Eat an abundance of fatty foods while in cold
regions. Fats are rich in calories, which help you
maintain body heat. Take hot drinks such as coffee,
tea, cocoa, or soup in thermos jugs along with you
on all flights. These also add to your body warmth.

Never drink alcoholic beverages to keep warm.
They give you a false sensation of warmth but may
do great harm by actually robbing you of your body
heat, since they cause flushing of the skin. This loss
of heat, together with the false sense of security
which alcohol produces, makes alcoholic beverages
dangerous to anyone who is exposed to cold.

Don’t touch cold metal with bare hands

REV. No. 2

Don't eat snow! Melt it before drinking
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It is next to impossible to devise an ideal naviga-
tion log for all the various conditions of navigation
which the AAF encounters in training, transport,
and the theaters of operations. The new Aircraft
Flight Log, AAF Form 21, contains the essential
elements of all log requirements. AAF navigators
are required to use this log. You can modify the
use of certain columns when necessary.

In order to reduce the size of the log, such non-
essential items as radius-of-action and interception
diagrams, radio-bearing work sheet, winds and
weather, pressure and temperature conversion
scales, and celestial data have been omitted. Record
any of this information in the observation columns.

Additions

Flight Plan. This has been added to meet a re-
quirement of transport and combat operations.

REVISED JULY, 1945 NIF 4-7-}

Record of Sunrise, Sunset, etc., and Master Watch
Rate. These entries are essential when you use celes-
tial navigation.

Air Miles Coiumn. Required by commands using
the air position indicator.

Formation Position. Aid to staff navigation officers
and interrogation officers in evaluating information
which combat crew members have supplied.

Authentication. Your signature makes this an
official document.

Fuel Consumption Data. Requirement for long-
range cruise control.

General

One log sheet is sufficient for an 11-hour flight if
you make an entry every 10 minutes.

It is suggested that you devise a rigid backing for
your personal use, until a standard folder is available.

USE THE FOLLOWING ABBREVIATIONS. THEY HELP KEEP YOUR LOG NEAT AND FACILITATE ENTRIES:

A/C

Altered course—change of course

to make same destination
AP  Air plot position; no-wind position

Alt  Altitude of celestial body or altitude
of object above sea level

Alt Set Altimeter setting
(British terminology: QFF)
ATA  Actual time of arrival
¢ Z Azimuth

(true, unless otherwise indicated)

C Celestial fix

REV. No. 3

CAS Cadlibrated airspeed

€C/C Change of course to new leg or
destination

DR Dead reckoning or
dead-reckoning position

Dev Deviation

D/F Direction finding
DD. Double drift
EA Enemy dgircraft

ETA Estimated time or arrival
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ft
FA
G
GS
i
H/F
1AS

km

Lat

R/A
2 RC

REV. No. 3

Feet

Friendly aircraft

G fix

Groundspeed

Height

High frequency (3000 to 30,000 kc)
Indicated airspeed

Knot(s)

Kilometers

Latitude

Left or port

Light

Lighthouse

Light vessel; light ship
Line of position

Low frequency (30-300 kc)
Loran fix

Longitude

Magnetic

Medium frequency (300-3000 kc}
Mickey; HoX fix

Statute mile(s)

Navtical milel(s)

Minutels)

Pinpoint; visual fix
Position report

Right or starboard

Radius of action

Radio compass fix

R/T

RB
s/C
SL

T
TAS
TMG
T
Var
VH/F

W/D
W/F
W/

W/V

LABEL ALL
AP
API
T/GS
MD

REVISED JULY, 1945 NIF 4-7-3

Radio; voice
(British terminology: radio telephone)

Relative bearing or azimuth

Set course (at beginning of each Ie‘g)
Sea level

True

True airspeed

Track made good

Time to turn

Variation

Very high frequency
(30,000 to 300,000 k¢)

Wind direction
Wind force

Radio; code

(British terminology: wireless telegraph)

Wind vector

WIND DETERMINATIONS AS FOLLOWS:

Air plot
Air position indicator
Track and groundspeed

Multiple drift

Besides these approved abbreviations
there are others which are in general use
within the Army Air Forces; you should use
them to save time and space. It is essential

to correlate all remarks and observations
with time and position so that you may
reconstruct the flight completely for the
benefit of weather and intelligence officers,
and for navigation analysis.
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CHART
PROCUREMENT

IF YOU ARE LOOKING FOR CHARTS, HERE IS WHERE TO GET THEM

You can obtain any type of aeronautical chart from one of the stores listed below.

BASE STORE St Louis, Missouri, 710 N. 12th Blvd.

REGIONAL STORES Atlanta, Georgia, 1515 Spring St. N.W.
Oakland, California, 301 23rd Street.
San Antonio, Texas, 114 Camp Street.
St. Louis, Missouri, 710 N. 12th Blvd.
(separate unit from base store).
Washington, D.C. 1222 22nd Street, N.W.

CHART DESCRIPTION

These charts are in the following groups:

They are not equipped to fur- Planning Charts, World Coverage, Scale 1:5,000,000.
nish them. Don't go to one of Long Range Air Navigation Charts, World Coverage,
these stores as an individual Scale 1:3,000,000.

with an individual order. Make Plotting Charts, U.S. Coverage, Scale 1:1,000,000.

a list of every chart everyone Pilotage Charts, World Coverage, Scale 1:1,000,000.

in your ouffit wants, and get Pilotage Charts, Partial World Coverage, Scale 1:500,000.
Approach Charts, covering industrial centers and

Don’t bother your sub-depot.

N —

> v ohw

them all at once.

congested or strategic areas, Scale 1:250,000.

7. Target Charts, Scale approximately 1:125,000.
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CHART CONSTRUCTION

Be able to construct a chart by use of meridional
parts as well as by the graphical method.

Meridional Parts

The meridional parts of any parallel of latitude are
defined as the length of an arc of a meridian between
the equator and the parallel, as drawn on a Mercator
chart, expressed in units of 1 minute of longitude at
the equator. Because meridians are parallel to each
other on the Mercator chart, each minute of latitude
changes in size with its distance from the equator.
Therefore, each parallel has a different number of
meridional parts.

The table of meridional parts in Useful Tables
H. O. No. 9, gives the distance from the equator of
-each minute of latitude in units of one minute of
longitude at the equator. The distance of any other
parallel of latitude from the principal parallel (the
parallel to be used as a base for the chart) is the
difference of meridional parts for the two taken
from the tables and reduced to the scale of the chart.

If you want to construct a chart on a scale of 2”

42"

41"

to 1° of arc on the Equator, the minute or unit
of measurement (one meridional part) will be
1/60 X 2" = 1/30”.

Then 1° of latitude north or south of the equator
is represented by 1/30” X 59.6 = 1.987”. The value
59.6 is the difference between the meridional parts
given opposite latitudes 0° 0’, and 1° 0’.

Therefore, at the equator each degree of longitude
is represented by 2”; 1.987” represents the distance
from the equator to 1° of latitude, north or south.

Between latitude 1° north or south and 2° north or
south the process must be repeated in order to ob-
tain the further expansion. Repeat this until the
chart is completed.

Graphic Construction

The graphic construction of a Mercator is based
on the assumption that the earth is a true sphere, in
which case the meridians are true circles.

Construct the meridians to the scale you desire.

Construct the parallels in relation to the meridians
as shown in the following diagram.

e g
o

40"

Lay off a line AB, so that angle BAC equals the
mean latitude between the parallels 40° and 41°
which is 40° 30’. Measuring upwards along the me-
ridians from the base parallel 40°, lay off distance
AD equal to AB, and through this point draw the
parallel of latitude 41°. Repeat this process. Then
subdivide the degrees into six equal parts. Each de-
gree of latitude must be separately subdivided.
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- UNIVERSAL
- PLOTTING CHART
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You can use it any place

Just as the name implies, you can use this small
chart at any latitude from 0° to 70° either north or
south, at any desired longitude. You can use it any
place in the world except around the poles.

It includes at least 4° of latitude and longitude,
and usually provides more than 4° of longitude.

Construction

To construct meridians at the mid-latitude you
expect to use, take the following steps: Let us con-
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LONGITUDE SCALE

struct this chart at the mid-latitude of 35°.

1. Place your Weems plotter north and south
parallel to the central meridian.

2. Set the straight edge of your plotter through
the two points on the compass rose marked 35. Use
the outer figures on the right half of the rose.

3. Construct a meridian on both sides of the cen-
tral meridian in this manner.

4. Position other meridians with your dividers.

5. Use the scale in the lower right hand corner of
the chart to divide degrees into minutes for accuracy
in measuring position.

YOU NOW HAVE A HANDY MERCATOR PLOTTING CHART! USE IT!
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encounter during the mission.
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It must include the following:

'/1. Know possible weather conditions that you may

Select routes and flight altitudes carefully. In
doing this, evaluate terrain, weather, winds
aloft, and enemy opposition.

Compute and check all courses and distances.
Determine the probable duration of flight, and
cruising time on fue! available.

Take an inventory of, and thoroughly familiar-
ize yourself with all available aids to naviga-
tion on and adjacent to your line of flight, in-
cluding visual, radio, and celestial aids.
Study all navigational procedures you intend
to follow. Make full use of all navigational
methods available for the flight and know
how you intend to check each method against
the others.

Make a thorough preflight check to be sure
that all your navigation equipment, charts (in-
cluding weather charts), codes and ciphers,
and data on radio aids are aboard. Test all
of your instruments to see that they are func-
tioning properly.




RESTRICTED

REVISED APRIL, 1945 NiF 4-12-1

TACTICAL OPERATIONS IN THE VARIOUS THEATERS

Navigation in each of the various theaters of
- operations is basically the same. There are certain
navigational aids, however, that you can use more
readily in one theater than another because of
weather, radio facilities (or lack of them), terrain
features, and enemy installations.

No matter what theater of operations you are in
you can be sure that pilotage and dead reckoning
will be the basis of your navigation. Many combat
missions are over short distances, where a combina-
tion of dead reckoning and pilotage gives you the
best results. Where there are radio facilities, learn
to use them and to rely upon them.

EUROPEAN

Dead reckoning and air plot supplemented by
pilotage and radio aids are the basis of operational
navigation in this theater. Weather information is
good, but do not rely completely on a flight plan
based on forecast winds aloft, because the weather
fronts fluctuate constantly.

English maps are detailed and accurate but the
close proximity of towns, railroads, rivers, and
woods in the crowded English countryside and the
striking similarity of English towns make pilotage
difficult. Therefore, you must have a better than
average degree of skill in pilotage. Best check points
are railroads and woods. Continental maps are re-
liable but are not as detailed as English maps. Height
of terrain figures are in meters rather than feet.

Radio facilities are excellent and include H/F
D/F and M/F D/F stations, buncher, splasher, and
multi-group beacons. Visual aids at night include
aerial lighthouses and landmark beacons. Be sure
to obtain locations and codes before takeoff. Search-
lights direct lost aircraft or aircraft in distress to
emergency landing fields, but you must know the
procedures required. You must become thoroughly
familiar with the abundance of radio aids.

REV. No. 2

Operations in this theater are on a large scale
and maximum effort missions involve forces of 1000
planes or more. The navigation problem depends
on your position in the formation:

1. If you navigate a wing ship, your follow-the-
pilot procedure is greatly complicated because of
limitations of formation flying.

2. If you are lead navigator it is your responsibil-
ity to see that the formation successfully completes
its briefed route, finds the target, and adheres to its
briefed route on the return trip.

MEDITERRANEAN

Dead reckoning and pilotage are the chief forms
of navigation used in this theater. Pilotage is made
easy by the definite and rugged coastlines of Italy
and Yugoslavia. But on missions into the Balkans
and into southern Germany, pilotage is difficult once
you have crossed the Alps in northern Italy. Stra-
tegic towns are hidden in the Alps and the snowfall
sometimes obliterates towns that otherwise would
be considered good check points. Accordingly, only
prominent check points such as large lakes or large
towns are completely reliable for pilotage.

Celestial navigation is confined to the occasional
observation of sun lines. Night operations are usual-
ly performed by British squadrons.

You can use air plot effectively while gaining op-
erational altitude. Rugged and well-defined coast-
lines plus a climb to 15,000 or 20,000 feet by the time
you reach the Alps give you a good chance to check
metro winds and scale them accordingly.

HF/DF beacons, multi-group beacons, and local
field beacons afford reliable radio aids.

Weather in this theater has been bad enough to
justify the constant and effective use of blind-bomb-
ing aids. Since the targets attacked are approxi-
mately in the same weather belt as those attacked
by the USAAF stationed in England, the weather
problem at the target is about the same, often bad.

The navigational problem of assembly is made
easy by the proximity of the heavy bomber fields.
Assembly lines between the respective bases and
offshore islands or some other reliable check point
are normally used. Assembly is usually completed
at convenient medium altitudes. The climb to oper-
ational altitudes is made before reaching enemy in-
terception areas.
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PACIFIC

Missions vary considerably in the Pacific Ocean
Area. Dead reckoning is the basis of navigation on
them all. Pilotage is a good aid. Maps are generally
accurate along coastlines but have errors in eleva-
tion and location of features inland. Because the
maps are not always reliable you may find an un-
charted island occasionally.

In the Central Pacific celestial navigation is used
in conjunction with dead reckoning on all missions.
Many of the islands and atolls are plotted in error
from 2 to 10 miles, usually eastward or westward.
Interpretation of sun lines and fixes is important.
Radio facilities are not always available in this area
and you cannot always depend upon them because
of local disturbances.

Be careful when you use clouds for pilotage. Cu-
mulus often builds up around islands, but shadows
of clouds also look like land.

Be sure that you understand the problems of
plotting in South latitudes and East longitudes.

ASIATIC

Dead reckoning and pilotage are the chief forms
of navigation used in this theater. Most missions are
daylight missions, which means formations. Forma-
tions are small and no difficult navigational problem
exists in assembling.

Good pilotage check points include well-defined
coastlines and islands. Railroads are few and roads
are difficult to distinguish. Sometimes inaccuracies
exist in the location of these check points.

Radio aids include HF/DF facilities, homing bea-
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cons, and short range beacons. These facilities are
reliable although they are not numerous.

Terrain features consist of rugged coastlines
which are good check points, occasional lakes, rivers,
and the mountains which taper down the western
side of Burma.

Weather is an important navigation problem. The
monsoon season begins June 15 and lasts until Oc-
tober 15, seriously curtailing operations during that
period of time. During November the rain dimin-
ishes in intensity but cloud cover still prevails. After
November, weather is good for operations.

ALEUTIAN

Much of the flying in this theater is on instru-
ments because of poor visibility. Planes either fly at
altitudes above the weather and combine dead reck-
oning with radio and celestial, or fly under the
weather and use dead reckoning and radio to mini-
mize the effect of the weather.

Pilotage is limited because visibility is poor and
much of the territory is uncharted. This uncharted
territory includes mountainous country.

You will often find weather at your home airfield
bad enough to keep you from landing. It is frequent-
ly possible to stay above the overcast and wait a half
hour or so while the weather clears enough for a
safe landing. The weather moves with great speed in
this area. There is the possibility that the field you
are over will clear up for landing as fast as any
other. Sometimes you may squeeze in by going out
to sea and coming in under the ceiling.

Celestial navigation is restricted in the general
Alaskan area because of weather. As you fly farther
west the weather is clear enough to make celestial
navigation possible some of the time.

You must be thoroughly proficient in every navi-
gational method in this theater. You may need to
use any one or all of your skills on every mission
and upon very short notice. Remember, the Aleutian
area is the weather mixing-bowl of the world.
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Details of flight planning and actual navigation are
different in the various theaters of operations, but
the general outline described below is a basis for
navigation procedure in every theater. The plans for
a mission are given to you at a general briefing. You
make your own detailed plans at a navigators’ spe-
cial briefing.

At the general briefing the target is specified. The
route and the intelligence features, such as expected
opposition, flak, and fighters, are given. The general
plan of assembly, formations, altitudes, etc., is dis-
cussed and explained.

At the navigators’ briefing the group navigator or
a designated assistant gives you all the details of the
route to help you complete your flight plan. If time
permits, always re-work your flight plan to check
the group navigator’s work.

At the airplane, brief your crew on particulars of
the flight. Give them:

1. Times of coast crossings.

2. Times of fighter rendezvous.

3. Times of expected enemy interceptions.

4. Position of the airplane in the group and in the
wing formation.

5. Location and time of crossing the front lines
and borders of enemy countries.

6. The approximate location, by bearings and dis-
tances, of prominent check points which you want
them to help you find.

It is a good idea to prepare a small-scale track
chart with predicted times, courses, and distances,
for your pilot. It will keep him informed of the
progress of the mission.

REV. No. 2
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A COMBAT BOMBING MISSION

Prior to takeoff, check your equipment and the
calibration status of your flight instruments. In your
log, record the time of starting each engine and the
time the wheels leave the ground. Start dead reck-
oning immediately. If you are lead navigator you
bear the responsibility of actually establishing
courses and airspeeds for the entire formation. If
you are navigating a wing airplane you must navi-
gate carefully and accurately at all times to keep
track of your position. You may have to rely upon
metro winds at first but as soon as possible check
these either by track and groundspeed or drift on
two or more headings. Start a chart or scale and
maintain it throughout the flight to compare winds
found with winds forecast. If metro winds are in
error you have an accurate conception of just how
much and in what direction. *

The methods of assembly of a bombing formation
vary with each mission, but regardless of the plan
followed you must keep a complete dead-reckoning
check of the airplane’s position and track.

Along the route to the target you must navigate
with all your skill. Plot headings, fix your position
to obtain winds, read drift or obtain drift readings
from the bombardier, and record observations the
crew members call in. It is your responsibility to
know where you are at every moment throughout
the flight.

It is your responsibility to identify the IP and the
target. Between the IP and the target the airplane
is under the control of the bombardier. A critical
part of your mission is during the bombing run and
just after the bombing run. Headings change rapid-
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LONG RANGE CRUISE CONTROL

To become competent and qualified to navigate
a long range flight you must first be able to use and
understand airplane cruising charts, methods of
cruise control, preflight planning, and methods of
controlled flight. Many crews have been lost because
they didn’t have enough fuel to reach destination.
Don'’t let this happen to you.

Use the following procedures to prepare for a
long range flight:

Flight Analysis

Assume your flight is from San Francisco to
Hickam Field, T. H. Distance, 2110 nautical miles.
1. Check route weather conditions with your pilot
and the weather office. Decide the altitude or alti-

LONG RANGE CRUISE CHART

tudes at which the flight will be made. The consid-
erations that direct your decisions are weather,
effective wind, and navigation hazards.

2. After analyzing the flight you decide to fly at
a pressure altitude of 10,000 feet, outside air tem-
perature + 20°C.

3. Obtain the proper Long Range Cruise Chart
from the Operations Officer, or from the T. O. on the
airplane. Be sure that the chart contains the spec-
ifications that fit your airplane. Your airplane is
a B-24J. It has Army paint on it, turrets and guns
in combat position, C-3 jets, and uses Grade 100/130
fuel. Check with the flight engineer to be sure you
are both using the same cruise control data. This is
vital to proper planning.

B-24J WITH C-3 JETS; TURRETS AND GUNS IN COMBAT POSITION-ARMY PAINT
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ly, enemy opposition interferes, and altitudes and
airspeeds fluctuate. Your observations at this time
are often the basis for a long dead-reckoning flight
back to base. You must remain cool and work al-
most mechanically in recording all that takes place.
When the target is bombed your responsibility is
only half over. You must now find your way home.
Turn on the IFF as briefed. You must be identified
at established positions along your route and in
many cases you must hit a certain corridor or check
point to keep from alerting friendly forces. Navigate
until the wheels touch down.

Immediately following each mission the crew is
interrogated. Your log will do most of the talking
if you have done your job. Every significant detail
of the mission must be recorded along with the time,
the altitude, and the position of the airplane when
the incident occurred.

Computing TAS on a Climb

In working out dead-reckoning positions after
long climbs or glides, or in calculating ETA before-
hand, you must allow for the effect of true airspeed.
True airspeed changes with a change of altitude.

You can obtain the distance fiown by recording
altitudes, times, and calibrated airspeeds regularly.
There is a much simpler method, however. You can
use it for long climbs or descents provided the indi-
cated airspeed is kept constant or nearly constant
throughout.

The method is as follows: Add to the altitude at
the start of the climb two-thirds of the difference
between the altitudes at the start and end of the
climb. Use the altitude you obtain to convert cali-
brated airspeed to true airspeed. Use this true air-
speed as the average for the whole climb.

Example: Suppose the climb is from 2000 to 17,000
feet. Add to 2000 two-thirds of the difference be-
tween 2000 and 17,000 feet; i.e., two-thirds of 15,000,
or 10,000 feet. Convert calibrated airspeed to true
airspeed at the resulting altitude, 12,000 feet, using
a temperature based on the fact that there is nor-
mally a drop of 2° with each 1000 feet increase in
altitude.

Because the rate of climb of all aircraft becomes
progressively slower as the altitude increases, it
takes longer for the last half of the climb than for the
first half. Consequently, more time is spent at a true
airspeed which is nearer the final value than the
initial one. You obtain the actual average true air-
speed for the whole climb by converting calibrated
airspeed at a height which lies somewhere between
the half-way and the final values.
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By plotting height, time, and true airspeed on
time curves it has been found that the true airspeed
obtained by using a two-thirds value, multiplied by
the duration of the climb, gives a distance which is
within 1% of the actual distance covered during the
ascent. This method does not apply where rates of
climb are predetermined at briefing and the airspeed
is not constant throughout the climb phase.

Computing Wind on a Climb

When you find the wind in flight, adjust your
metro wind and use the adjusted wind in climb as
shown below.

Metro wind at Direction Velocity
2000807 4 05 TS . 2 20028 L. 20k
A000R AT et e, N 0% T 5i. A A 25k
6000 FHi-— o EEECE 22005 ) T e 30k
S000NHT b Wi aK, “o i) +11 22501 “ % ST s 40k

10: 000K A1 Wi s Tmlie T 23505 mEdre ], el P 45k,
12,0000 et Lae T i 280 v B A 50k.
R 250080 by Ve piih 60k.
NET000RA- L A i o e 260 SR I B s PR 65k.
Average metro wind in climb ...... 230°/42 knots
Wind found at 8000 feet ........... 185°/50 knots
Metroinerror. ................ — 40/ + 10 knots
Windfiised S S e S ST = i 190°/52 knots

Keep up with the air position at all times so you
will always know your dead-reckoning position. If
possible get a fix by celestial, radio, or pilotage to
check the wind. Evaluate the accuracy of each fix.

If you take a fix at 16,000 feet and find the wind
to be 180°/50 knots, apply the adjustment as follows:

Average metro wind inclimb ...... 230°/42 knots
Actual wind in elimb. ............. 180°/50 knots
Correction to metro wind ....... — 50°/ + 8 knots
Wind used at 16,000 feet.......... 210°/73 knots

IMPORTANT

Always work out a complete flight plan
before takeoff, using latest available met-
ro data. Mistakes can be made in the air

and a flight plan helps you check air com-
putations. If your navigation is interrupted
because of enemy attack or the need to
administer first aid you have a quick ref-
erence for picking up your work again.
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c. Follow horizontal density altitude line from
temperature/pressure altitude intersection to the
left, and read density altitude (12,800 ft).

d. Use data for flight contained in bracket oppo-
site density altitude (11,000 to 13,000 ft).

Definitions of other terms in columns on chart

IAS—Indicated airspeed
RPM—Revolutions per minute
MP—Manifold pressure
# /HR—Pounds of fuel used per hour
TAS—True airspeed
BTI—Bracket time interval (time to
fly in weight bracket)

5. The true airspeed for your flight is 185 mph.
Convert mph to knots to conform with your other
computations. All computations are in knots.

6. Divide your proposed flight into zones as in-
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dicated by the winds aloft for the altitude of your
flight. Each set of winds occupy a zone.

7. Obtain fuel consumed in climb from the T.O.
on your airplane. Obtain fuel consumed after climb

“ as follows:

a. Consult Long Range Cruise Chart in correct
weight bracket of your airplane at takeoff.

b. Read #/HR figure.

c. Compute pounds of fuel used in each zone. Be
sure to subtract weight of fuel used from gross
weight of airplane at takeoff for each computation,
and change #/HR figure as gross weight changes
from one weight adjustment interval to another.
Where #/HR figure changes in the middle of a zone
use the proper #/HR figure for the portion of the
zone applicable.

8. Make your flight plan as follows:
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9. Construct a Range Control Chart. This chart
gives you a means of comparing estimated with ac-
tual flight performance. It projects flight trends dur-
ing flight and forecasts critical conditions before
they actually happen.

Plot the following six curves before takeoff:

a. Miles vs. pounds, ahead. Use the figures in
Total Distance column and Fuel Consumed column
of your flight plan. This shows the number of pounds
of fuel you normally use for any given distance.

b. Miles vs. pounds, reserve return. Draw this
curve by setting up a reserve and plotting Total
Distance column and Fuel Consumed column on a
reciprocal course. Use the wind on the reciprocal
heading and use the same true airspeed. Re-figure
pounds used and plot from empty tank line. Use a
reserve of 109 to 20% depending upon your oper-
ation. Set up this reserve by decreasing the amount
of fuel available on your chart. The point at which
this curve crosses the first curve (miles vs. pounds,
ahead) is your point of safe return. By turning back
at this point, you can return to your departure point
with a reserve of fuel in your tanks.

ZONE GS _MILES ELAPSED TIME  FUEL USED
No.1 | 136 450 3:18 4480
No.2 | 194 750 1:33 7115
No.3 | 132 1,500 5:41 12,520
No.4 | 163 2,110 3:44 15,940

¢. Miles vs. pounds, dry tanks return. Draw this
curve by plotting Total Distance column and Fuel
Consumed column as above. Do not use a reserve.
Use the wind on the reciprocal heading and use the
same true airspeed. The point at which this curve
crosses the first curve (miles vs. pounds, ahead) is
your point of no return. By turning back at this
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point, you will reach your departure point with
empty tanks.

d. Miles vs. time, ahead. Plot this curve from
Total Distance column and Total Time column of
your flight plan. This gives you a check on distance
traveled for the time of the fix.

e. Plot pounds vs. hours to show fuel consumed
at any given time. If your airplane has flow meters
you do not need this curve.

During Flight

During flight, plot your performance curve in a
dotted line from actual fixes. Plot pounds used vs.
actual miles traveled.

Sample Analysis

Assume that the airplane does not have flow
meters.

At the end of 8 hours a fix shows that you have
traveled 1400 nautical miles:

1. Follow up the right side of the Range Control
Chart, on the time scale, to 8 hours. Follow this grid
line until it intersects pounds vs. hours curve.

2. Read the fuel scale at the bottom of the chart
under this point. It indicates that you have used
9000 pounds.

3. Then enter the pounds scale at the left of the
chart at 9000 pounds.

4. Follow the grid until it intersects vertically
above the miles scale at the bottom of the chart at
1400 nm. This is your actual miles vs. pounds point.

5. Every time you obtain a fix, establish such a
point on your chart.

6. Join these points by a dotted line. This gives
you a curve on the trend of your flight.

You can also plot actual miles vs. time from flight
data to compare with the precomputed miles vs.
time ahead curve.

Be sure to establish a trend before reaching the
point of no return.
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PREFLIGHT CHECK

el‘Y m|S$‘
ve a
lane bef
s equipm
use the

on €&V
that you ho
in the airp

that thi

|| necessurY €
ore eve
ent is function-

SCWAD syste™:

'~
.
:
%
-
1
¥,

SEXTANT

Before getting into the airplane, check your sex-
tant on an object of known altitude. Do this by
measuring the altitude of a pole or other object ac-
curately, from a convenient position near the opera-
tions building, and checking your sextant on this
pole before every mission. Don’t rely on a land hori-
zon of known altitude or a sea horizon, because at
times poor visibility will restrict your vision.

CHECK LIST

Keep a checklist in the airplane at all times. Don’t
trust your memory when you pack your equipment
for a mission. Check all necessary equipment against
a prepared list before you leave the ground.

WATCH

Have your watch rated regularly. Set your watch
before takeoff and note the error that will be intro-
duced for each hour of the flight according to the
daily rate. Hack the watch on the instrument panel
before takeoff.

REV. No. 2

ASTROCOMPASS

Be sure your astrocompass is aligned. One method
of alignment is explained on NIF 3-10-1. Another
satisfactory method follows:

1. Have a crew member stand on the longitudinal
axis of the airplane, about 50 yards in front of or
behind the airplane.

2. Set the astrocompass in its mount, level it,
and sight on the crew member. If the bearing is not
360° or 180° adjust the mount or note the correction
to be used.

The error introduced by the fact that the crew
member is not exactly on the longitudinal axis of
the airplane, or by the fact that the bracket is off-
center, seldom exceeds 1°.

3. After the astrocompass is aligned, read the
relative bearing of a prominent object on the plane
such as a wing light, vertical stabilizer, or wing
marking. Record the relative bearing and use it to
check alignment in flight.

DRIFTMETER

Check the alignment of your driftmeter (B-3)
before takeoff.

At the 30-day calibration check:

a. Turn the trail angle through 85°.

b. Center the crosshairs on the pitot tube or some

‘permanent part of the airplane.

¢. Note the bearing.

d. Place this bearing on a card and keep the card
on your desk permanently.

Before each flight:

a. Center the crosshairs on the object you used
at the 30-day check.

b. Read the bearing from the azimuth ring.

c. Check this reading with the card on your desk.
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If you are down in unfamiliar territory and don't
know where you are, the following procedure will
help you determine your position.

Finding Longitude

To find your longitude you need accurate Green-
wich Civil Time and a plumb line.

Sidereal, or star, time gains 3 minutes and 56
seconds every day on sun time because of the
change of the earth’s position in relation to the sun.
At or about noon on 21 September, sidereal and
solar time are identical. In one year sidereal time
gains 24 hours on solar time and they again coincide.

To find local solar time from local sidereal time,
subtract 3 minutes, 56 seconds from sidereal time for
each day after 21 September. This is about 2 hours
each month. Obtain sidereal time at night in the
northern hemisphere as follows:

Polaris forms the center of a huge 24-hour clock
in the sky. Beta Cassiopeia (Caph) is the hour hand
which rotates counter-clockwise. You can read this
clock accurately in two positions only, 24:00 and
12:00, when the two stars coincide with  a plumb
line. At this time local sidereal time is either 24:00
or 12:00.

1. Subtract the correct amount of time for the
particular date and you get local civil time.

2. Compare this with Greenwich time and you
have your longitude.

Remember, upper transit is 24:00 and lower tran-
sit is 12:00.

Example

Date, 28 December.

1. Set up a plumb line.

2. When Caph and Polaris line up with the plumb
line, and Caph is above, it is 24:00 star time (upper
transit).

3. Your watch reads 21:44:30 GCT.

9 Sept. (days remaining in September after 21st)
31 Oct.

30 Nov. 98 X4 (1 minus 1/70) minutes per day
28 Dec. difference in local and sidereal time.
98 days

98 X 4 = 392 min.
Minus 392 X 1/70 = 5 min.
= 387 min. = 6 hrs., 27 min.
24:00 Star time, upper transit.
(Use 12:00 if it is in lower transit.)
— 06:27 The amount sun time lags behind star time
. on 28 Dec.
17:33 LCT at position of observation.

REV. No. 2

ADDED APRIL, 1945 NIF 4-16-1

CEMERGENCY

- NAVIGATION 4

4. Apply a constant correction factor of — 4 min-
utes, 30 seconds to your GCT. This gives you 21:40
GCT. This correction factor is used because Caph
is not exactly on a line from Polaris to the first
point of Aries (the point from which sidereal time
is measured). It is 4 minutes, 30 seconds off.

5. 21:40 GCT

—17:33 LCT
04:07, difference between local civil time and
Greenwich Civil Time. Convert to degrees. You are
at 61° 45’ West Longitude.

Finding Latitude

Use the altitude of Polaris to find your latitude.

When Delta Cassiopeia or Mizar in the handle of
the Big Dipper is horizontal to Polaris, Polaris rep-
resents the celestial north pole.

1. Attach a plumb line to the grommet of your
plotter.

2. Put the plotter to your eye and sight Polaris
along the plotting edge.

3. Let the plumb line hang free.

4. Read your latitude where the plumb line in-
tersects the compass rose.
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Driftmeter Check

An emergency driftmeter check can be performed
in the air as follows:

1. Fly at approximately right angles to the wind.

2. Read and record the drift correction.

3. Make a 180° turn.

4. Read and record the drift correction on this
heading. :

5. If the driftmeter is aligned the readings are
equal in magnitude but opposite in sign.

If they are not equal, add the recordings mathe-
matically and divide by 2. This gives you the aver-
age. Then subtract the average from the larger drift
reading, and apply this correction to all further drift
readings.

Example

On a heading 90° to the wind you obtain a drift
correction of + 7°.

On a reciprocal heading you obtain a drift correc-
tion of — 3°.

34-7=10+ 2=35 (actual drift on each heading).

Apply a — 2° correction algebraically to all sub-

ADDED APRIL, 1945 NIF 4-16-2

sequent drift readings.
Caution: This procedure is subject to error unless
headings flown are close to = 90° to wind direction.

Noonday Fix

A suggested method by which you can advance
sun lines to obtain a fix is described below. This is
especially useful when you wish to advance a sun
line that was observed before an alteration of course
to a specific time after the alteration of course.

1. Measure the effect of the wind along the azi-
muth of the first LOP from your air plot position.

2. Convert the effect of the wind found by the
first LOP to the time of the second LOP.

3. Draw in the azimuth line of the first LOP from
air plot at time of second LOP.

4. Measure converted wind effect from air plot
of second LOP along this azimuth.

5. Draw in first LOP from this point.

6. Fix is at intersection of LOP’s.

7. Measure wind from air plot to fix.

An error in true heading or true airspeed does not
cause an error in the fix, but it does cause a wind
error.
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AIR IDENTIFICATION

AND CODE

RECOGNIZE ENEMY AIRCRAFT

Know the types of enemy aircraft you are most
likely to encounter, and know everything about
these models that your intelligence officer can tell
you. Know their cruising speed, diving speed, gun
placement and armor, maneuverability, size, caliber
of guns, wing span, etc. You can never learn too
much about the airplanes you are fighting.

Discipline yourself. Study models. Knowing the
scale of models, stand on chairs or boxes and look
down on them to simulate various altitudes. Spend
as much time studying our land and surface craft
as you spend studying enemy equipment. Study
until your identification is always positive.

Study enemy airplanes from every angle of ap-
proach and every range. '

Organize a watch when you are on the line with-
out other duties. Make air identification a game.
The first man to spot an airplane approaching the
field is rewarded in some manner. The first man to
recognize the type of airplane is also rewarded.

To keep from making incorrect guesses, penalize
anyone who identifies an airplane incorrectly.

You won’t help win the war by sinking our ships
or destroying our tanks. Only by diligent practice
can you become an expert. Only an expert can be
sure of split second decisions. You must be right
the first time.

APRIL, 1944 NIF 4-17-1

BE PROFICIENT IN CODE

You must be able to send and receive at least
to a standard of ten words per minute by aural code,
and five words per minute by blinker.

A working knowledge of code is a must on routine
missions, and under some circumstances it.-may be
the difference between life and death.

A._ IS e SEn e
B_. . I'Th ; AR
G o P iG) e aa LR & i
P, . T SRl o gt S
E. QL e S
Bhoi— b oo RESMEIRAY E T
G I S SRBpEH S
e, . .4 d == (< D S
. 5 55 o -« FELabiny
i[RI B VAP e O T T e
Kia. L 2 Wl 0 £ ta EA)
PR e e e

Practice blinker code on every mission. Get into
the habit of doing a good part of your communica-
tions in code. Not only must you be able to send
and receive code under the ideal conditions of a
training classroom, but under the actual conditions
of flight. Practice in the air at every opportunity
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Tntelligence

Combat Duties

On a combat mission it is your duty to keep a
complete and exact record of the observations of all
crew members. Each member of the crew must make
it a habit to report to you immediately on the in-
terphone any unusual events, circumstances or situa-
tions. It is up to you to make the crewmen aware of
this responsibility.

Have a sketch map of the target on your desk.
Use the driftmeter to observe bomb hits, anti-aircraft
batteries, etc. Sketch them on your map as you see
them.

The Four W's

The record must always include the four W's—
What? When? Where? Who? and sometimes Why?
Remember this rule in recording everything you
encounter on your missions so that the intelligence
officer can make full and accurate deductions from

your entries for his journal. It is from your reports,
and those of other navigators, that he fills in his
situation map, assists in planning future missions,
and briefs combat crews.

On special photographic missions you will keep
a record of the exact position, altitude, and direction
of the airplane whenever a picture is taken. A
photograph without this information is of little value
to your intelligence officer.

In briefing a crew for a mission, the intelligence
officer frequently will give specific instructions for
the crew to make special observations at certain
points. These specific requests are often made to
check information obtained from other crews, or
from higher echelons.

" When such a request has been made, it is your
duty to watch for the location, and as you approach
the vicinity, to remind the other members of the
crew of what to look for, and where and when to
look. You will also record their findings.

Evaluation of Reports

Some members of the crew are more accurate in
their observations than others. Some have more
vivid imaginations than others. A few are backward
in reporting their observations or are given to under-
statement. It takes time and patience to learn these
characteristics of each member of the crew.

You must evaluate these characteristics of each
member of your crew for the intelligence officer
and thus aid him in making interrogations after each
mission short and to the point.

Get information from crew members on the way
home. It will be more accurate then than later.
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Polar navigation is not for the amateur. While
navigation techniques are basically the same in the
Arctic as elsewhere, conditions peculiar to these
regions naturally restrict the aids available. A few
of these conditions are:

1. Weather and atmospheric phenomena.

2. Geomagnetic conditions which affect the be-
havior of the magnetic compass and radio.

3. The rapid convergence of the meridians near
the pole. This makes it a lot harder to determine
direction and maintain true course.

4. Prolonged periods of daylight in the summer,
making it necessary to depend primarily upon the
sun for celestial observations.

At the present time there is no real agreement on
which techniques and equipment can be utilized best
in these regions.

Pilotage cannot be relied upon because the terrain
is covered either partially or completely with snow
and ice at all times.

Compass directions become completely uncertain
over the magnetic pole and the horizontal intensity
upon which compass action depends is not distrib-
uted uniformly. Magnetic storms may cause fluctua-
tions of the compass needle as great as 20° to 40°.
Although no arctic route now being flown or in
prospect of development comes within this area of
uncertainty, the principal limitation to the use of
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the compass there is our inadequate knowledge of
magnetic conditions in Arctic Canada and Green-
land.

Radio aids are few and far between in the Arctic,
except along well-established routes. Strong absorp-
tion of radio waves, even to the point of complete
disappearance of all signals, is encountered.

Because many problems are still unsolved and
proposed solutions have not been tested thoroughly,
it is suggested that navigators fly in arctic regions
only after careful preparation and study.

Natural Aids

In winter, wisps of drifting snow furnish a ready
means of judging wind direction. Over extensive
snow-covered areas, such as the Greenland ice cap,
sastrugi also are reliable guides to wind direction.
Sastrugi are ridges of hard-packed snow, a few
inches to two or three feet high, which always de-
velop with their axes parallel to the wind direction.

Sky maps are an arctic phenomenon which can
be of aid if you interpret them properly. A uniform
overcast with clouds at a very high level reflects the
surrounding terrain. Level ice uniformly covered
with snow consistently shows on the sky map as a
plain white area. Broken surfaces, such as pressure
ridges, pack ice, and areas of drifted snow give a
slightly mottled appearance to the lower surfaces of
the cloud. Blue or green ice becomes a greyish patch
on the sky map. Open water, timber, and snow-free
terrain show up as black areas in the cloud reflec-
tion.

A careful study of the sky map may help you de-
termine which direction to travel to reach open
water, snow-free areas, or heavy timber.
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Aerial navigation must keep abreast of the in-
creasing speed and range of modern aircraft. With-
out navigation that can keep up with or ahead of
aircraft design, whole air forces may become im-
potent. The ideas for improving equipment, the
navigator’s compartment, and navigation techniques

REV. No. 3
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must come from you. As a navigation officer it is
your responsibility to experiment and apply your-
self to the problem of increasing your accuracy and
speed in calculating position.

Airplanes eventually will travel at speeds above
600 miles an hour and over great distances, includ-
ing polar regions. What techniques and instruments
must you have to find your position quickly and
accurately under these conditions? Perhaps a gyro
sextant, an automatic solution of the astronomical
triangle, unrestricted vision from the navigator’s
compartment, new aids to pilotage, and even more
accurate radio aids may help solve the problems that
will continue to arise.

NIF is anxious to learn promptly of all improve-
ments in navigation and make this information
available to all navigators. New navigation tech-
niques submitted from commands and individual
navigators already have found their place in NIF.
(See NIF 2-2 and NIF 2-22.) A large part of the File
has been revised to bring subject matter up to in-
creased experience levels.
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Great Circle. The distance is approximately 1,480 nm.

At A your course is 006°

At C your course is 090°

At B your course is 171°

The rate of change of your required course ex-
pressed in degrees true is most rapid at C, the near-
est point to the pole.

Suppose now that for some reason the track you
actually made good was ADB.

At A your track made good is 348°

At D your track made good is approximately 270°

At B your track made good is 190°

Therefore, in a flight from A to B, your track made
good might have any value from 0° to 360° at some
moment during the trip. A normal error in your
dead reckoning position such as might occur during
a long flight could mean that your track made good
at the moment, expressed in degrees true, was far
different from what you thought it was.

For any other flight, such as AE, though the rate
of change of track true may not be as great as it is
at C, it does change continuously and excessively
from A to E.

To fly the great circle AB or AE by a succession
of rhumb lines, i.e. by a succession of true courses,
means a large number of course alterations. It is
too much trouble to calculate them.

The change in magnetic variation is very rapid
as you approach the pole, it is not a well known
value, and the horizontal component of the earth’s
magnetic field is small. Compass courses are compli-

THE POLAR

From approximately October 9 to March 5 in the
succeeding year, the sun is 6° or more below the
horizon of an observer at the North Pole. To make
use of this astrograph, you must plan a flight so that
the stars will be visible.

The simplest method of fixing your position is by
sextant observation of the stars together with
a polar astrograph constructed along the lines of the
regular astrograph. The polar astrograph is a pro-
jector which throws the shadow of a set of intersect-
ing star curves on your chart.

You do not need a roll of film. Draw the star
curves on a film or glass plate, and place it be-
tween two glass plates. Use a stereograph projec-
tion. To set for latitude adjust the instrument until
the shadow of the pole on the film coincides with the
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cated and not at all accurate to follow.

In most cases longitude changes so rapidly that
an error of any degree in your dead reckoning posi-
tion causes a considerable difference between your
actual longitude and your dead reckoning longitude.
This gives you trouble when calculating the altitude
and azimuth of heavenly bodies.

Wind velocities also give you trouble. A con-
stant north-east wind over the whole route from A
to B, means a head-wind to start with, and a tail-
wind at the end of your trip. Also, if the wind at C
and D is approximately the same with regard to
your airplane’s general track from A to B, say from
a relative bearing of 45°, it is a south-east wind at
C, and north-west wind at D. If the wind-direction is
constant from A to E, with regard to your airplane’s
track, it is expressed as a great many different direc-
tions in degrees true, as you proceed from departure
to destination.

Three Solutions

Here are three aids to provide you with a simple,
quick, and accurate method of navigating from any
point in this region to any other point, whether you
pass to the right or left of the pole, or whether you
pass directly over the pole.

1. The construction and use of a polar astrograph
for use during Arctic night.

2. The measurement of directions in polar lati-
tudes by the G system.

3. Navigating during Arctic Day and Twilight.

ASTROGRAPH

pole on the map. To set for scale, raise or lower the
instrument until a reference parallel on the film, or
plate, coincides with the same parallel on the map.

To Set for Time

To set the polar astrograph for time, print an astro-
graph time scale around the edge of the curves, or
along any parallel of latitude such as 80°N. Revolve
either the plate or the whole instrument about the
pole as center, until the AMT of the sight coincides
with the setting longitude for the date, as marked on
your chart. Use the standard astrograph tables. The
same figures are required as for normal latitudes.

If you project the whole of the region north of 75°
N at once on your chart, which is completely spread
out, you don’t need to use a setting longitude in the

RESTRICTED



RESTRICTED

APRIL, 1944 NIF 4-19-4

1
II.

ZLV¥IHAT

n

@ o Q

STAR CURVES FOR POLAR ASTROGRAPH LAT. 80° N TO NORTH POLE. SCALE AROUND EDGE IS AMT

same neighborhood as your dead reckoning position.
The setting longitude used is Long W=GHA for 12
hours GCT, at which AMT=GCT.

If you use a larger scale chart so that your whole
map is not spread out at once, construct the projec-
tor so that while the plate or film of star curves
still rotates around the pole, only the required por-
tion is projected on the chart.

An alternative method of building a projector is
to construct a type of Baker Machine, consisting of
a special transparent navigation chart with merid-
ians and parallels on it, and underneath it the star
curve chart pivoting at the pole. By using an AMT
scale on the star curve chart, and the Greenwich
hour angle for 12 hours GCT, which is printed on the
back of the machine, to cover the whole year, you
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can set the curves very quickly for time. Mark the
setting longitude on the transparent navigation
chart, and after drawing the position lines and
obtaining the latitude and longitude of the fix, move
the fix to your navigation chart.

While construction of the Baker Type is easy and
enables you to have several films, each one using
a different pair of stars, it requires a fairly small
scale. As a result you do have the trouble of dealing
with two charts at once and transferring positions
from one to the other. One of the great advantages
of the projector type is that you can recognize the
effect of errors of time and of observed altitudes on
your navigation immediately. It is easy to see how
accurate you must be. Make the plates interchange-
able so that you can use different pairs of stars with
the projector type. Or prepare several charts ad-
jacent to each other on a roll of film, and put the
appropriate star chart roller into place before adjust-
ing for time. Either method is accurate and useful.

You can rotate the navigation chart about the pole
in order to set the projected curves for time, but it
is better to have the projector plate, film, or projec-
tor itself, revolve.

The AMT Scale

The AMT method of setting the curves for time is
the best one, as it removes any worry about the
accuracy of your dead reckoning longitude and
calculations of hour angles. You don’t have to refer

TABLE OF STARS
VISIBLE THROUGHOUT

THE REGION
3 Aldebaran 291° 49’ N 16° 24’ 1° 23 —31° 2%
4 Alpheratz 358° 38’ N 28° 47’ 13°46' — 43° 46’
8 Altair 62° 59’ N 8°43 6° 17’ — 23° 43’
7 Arcturus 146° 43’ N 19° 28’ 4° 29’ — 34° 29’
8 Betelgeux 271° 58’ N 7°24’ 7° 36’ — 22° 24’
10 Capella 281° 32° N 45° 37’ 30° 56' — 60° 56’
1 Deneb 50° 07’ N 45° 08’ 30° 04’ — 60° 04’
12 Dubhe 194° 58 N 62° 03’ 47° 04’ — 77° 04’
18 Pollux 244° 32’ N 28° 10’ 13° 10 = 43° 10’
16 Procyon 245° 34’ N 5°22' 9° 38’ — 20° 22’
17 Regulus 208° 39’ N 12° 14’ 2°45% — 27°18’
22 Vega 81° 15’ N 38° 44’
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to the Air Almanac constantly. You have no calcula-
tions to make and it is as simple as working the
regular astrograph. Set AMT 12:00:00 at the point
where the local hour angle is 000° 0¢’. If the whole
polar region is not shown at once use the regular
astrograph tables. Relist the tables of setting longi-
tudes for polar work under Greenwich dates rather
than local dates, to eliminate confusion and errors
during the Arctic day and Arctic night.

Choice of Stars

Polaris is of little value for curves of this sort be-
cause it is directly overhead. If you do use it, you
must draw equal altitude circles just as you do for
any other star. Since you cannot take bearings on
it with any accuracy, use other stars both for fixing
your position and for taking bearings.

It is best to draw the curves for only two stars on
the one chart of the whole region. Have the curves
cross as nearly at right angles as possible. Draw other
star curves on other plates if one or both of the
main stars are obscured. Since you use the stars for
both sextant observations and for taking bearings,
Aldebaran, Dubhe, and any which cannot be seen
all the time, are omitted.

The best pair is Vega-Alpheratz, with Arcturus-
Pollux as a secondary pair. In the latter case, be-
cause of refraction, altitudes near the lower limit of
415° for Arcturus are not reliable.

Use the following table as a reference.

T N e
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Combined Use of Astrocompass and
Polar Astrograph

The magnetic compass is not reliable in polar
regions. The best method is to steer courses with
your directional gyro and check the course with
your astrocompass. If you were flying from A to B
and there were no wind, a frictionless directional
gyro would enable you to keep the airplane on the
great circle route from A to B. This is ignoring the
coriolis effect. Since the directional gyro is not fric-
tionless, you must check it at regular intervals by
taking bearings on the stars with your astrocompass.

Because of the rapid change in longitude and con-
sequent rapid change of hour angle, the simplest and
most accurate method of using the astrocompass is
to use it in conjunction with the polar astrograph.
The direction of the stars is at right angles to the
equal altitude circles in the direction of increasing

MEASUREMENT OF DIRECTION

Much of the difficulty involved in trans-polar navi-
gation results from the rapid convergence of the
meridians. When flying directly over the pole, your
course changes through 180° true. Also, at the pole
itself every direction is south or 180° true. This is
so merely because the pole has been chosen as the
reference point for directions on the earth. The
choice of another point on the earth’s surface far re-
moved from the pole from which to measure direc-
tions while in polar regions solves the difficulty.

Normally the use of the North Pole and the sys-
tem of meridians is a convenient one because the
magnetic needle aligns itself closely to the true me-
ridian usually. But near the pole itself this is far
from true, as you can see from a map of lines
of equal magnetic variation which illustrates the
magnetic variations from degrees true. Because you
cannot rely upon your magnetic compass and you
use the directional gyro checked by astrocompass as
a direction indicator, there is no reason for you to
continue to use degrees true for expressing direc-
tions in these latitudes.

In fact, as long as you use a type of conformal map
projection, any system of lines can be drawn on the
map from which to measure directions. If you use
a projection such as the polar stereographic exclu-
sively for polar navigation charts and polar weather
maps, then draw a system of lines on the chart
parallel to the meridian of Greenwich. The true me-
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altitudes so that by using the astrocompass as a bear-
ing plate, you can take azimuth and altitude from
the astrograph, rather than latitude, local hour angle,
and declination from the almanac.

Since Vega, Alpheratz, Arcturus, and Pollux ap-
pear in four different quadrants in the sky you can
obtain satisfactory results by using them alone,

Map Projection

Since you measure the bearings of the stars from
the curves, the projection must be conformal. This
is necessary if you use the projector type of astro-
graph, in order to use the map for ordinary naviga-
tion methods. It also must be an azimuthal or zenith-
al projection, as the star curves must be rotated
about the pole. The projection which satisfies both
of these demands and is already used for polar lati-
tudes, is the polar stereographic.

IN POLAR REGIONS

ridian of Greenwich is expressed as 000° Greenwich
or 000°G. Label the system of parallel lines on the
map in the same manner. The opposite direction
along each line is called 180°G and directions are
measured in those regions clockwise from 0° to
360°G from any one of these parallel lines.

For a particular flight the required track from A
to B could be used as a reference line, and all courses
and wind directions measured relative to it. But for
using weather maps, or for figuring a change of
course, a simple unchanging standard such as de-
grees G, is much better.

Great Circle Routes

Since on the stereographic projection a straight
line represents a great circle, the great circle track
from A to B is represented as a single direction in
degree G. You don’t have to alter course for conver-
gence of meridians.

Checking Gyro with Astrocompass

If the directional gyro did not precess, you could
set the compass heading G on the directional gyro
at the beginning of your trip and it would remain
the same from A to B, except for changes in wind
velocity and the coriolis effect. You must check the
directional gyro continually because it does precess.
Check direction with your astrocompass. Use it as
a bearing plate and take the azimuth and altitude
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from the polar astrograph.

Set the polar astrograph properly for time. At
your dead reckoning position, read the approximate
altitude of one of the stars, and measure its direction
or azimuth in degrees G. Set the azimuth reading on
the astrocompass at the arrow labelled “TRUE
BEARING” and set the altitude on the declination
scale. Then swing the astrocompass around until you
sight the star. Read your course in degrees G from
the azimuth scale at the lubber line. Coriolis effect
is of minor importance so ignore it.
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An error of 100 miles or so in your dead reckoning
position means but a small error in the calculated,
or measured, bearing of the star in degrees G. So
when' you use this bearing on your astrocompass
your measurement of course in degrees G is only
slightly in error. The error is about the same in the
polar regions as in normal latitudes. If you meas-
ure the bearing in degrees true in high latitudes,
an error in dead reckoning position of as much as
100 miles gives you a considerable error in longitude.
This means a considerable error in the calculated
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bearing of a star in degrees true which results in
the same error in the measurement of course in de-
grees true. Since this error and the resulting con-
fusion stems from the use of true north as a refer-
ence point for direction, always use degrees G rather
than degrees true in these laf':itudes.

Measurement of Wind Directions

A constant wind speed from a constant direction
in degrees true means a continuously changing
wind velocity relative to your required track. A
constant wind relative to your desired track is ex-
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pressed as a wind blowing from a continuously
changing direction in degrees true. Always measure
wind direction in degrees G. You can express wind
direction relative to your required track AB, but
this does not have the same advantages as always
expressing it relative to the same direction, as in
degrees G. The weather forecast for the route must
also express wind directions in degrees G.

Navigating into Polar Regions

When you fly from lower latitudes into polar
regions express directions in degrees true until you

LINES OF EQUAL MAGNETIC VARIATION

EAST

90

EAST

*+20
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reach 75°N. Then mark your position and your
intended track on a polar chart and begin to navi-
gate as outlined above.

Measurement of Position

You must express your position by latitude and
longitude when you join the polar portion of your
flight to the non-polar portion, so express position by
latitude and longitude for polar navigation. This
will give your polar navigation proper continuity.

Variation

Magnetic variation changes very rapidly near the
pole. This is partly due to the proximity of the mag-
netic pole but is also due to the use of the true pole
as the point from which you measure directions. By
flying a small circle around the pole you pass
through 360° of variation. In certain parts of the
polar region the horizontal force is sufficient to allow
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a magnetic compass to give an approximate indica-
tion of direction provided that it is not corrected
too much for deviation or shielded too greatly. Dur-
ing the bad weather or when the stars are obscured
for a time you may find the mangetic compass of
some use. An earth indicator compass or double
pivoted magnetic needle will give you better re-
sults, however, because changes in magnetic dip
do not affect them.

Express the numerical value of the variation rela-
tive to the direction of the Greenwich meridian.
Express variation from 000°G as a positive number
from 0° to 360°. This gives you course G when ap-
plied to your magnetic course and makes it easier
to use the compass. '

By expressing wind directions and magnetic varia-
tion in the same system you can tell at a glancc how
many times you must alter magnetic course in order
to fly from A to B.

ARCTIC DAY AND TWILIGHT NAVIGATION

When observing the sun, planets, moon, and odd
stars whose declination lies between 10°S and 30°N
use a Baker Machine type of astrograph with 4 sets
of curves for declinations 5°S, 5°N, 15°N, and 25°N,
respectively.

For any declination in the range 10°N—20°N use
* the curves for 15°N. First adjust them until the alti-
tude at the pole is equal to the declination. To do
this you must have a slot in the curves along the
central meridian for 5° on either side of the 15°
altitude curve. If declination is 18° 38’N move the
curves along the central meridian until the altitude
at the pole is 18° 38’

Be sure to adjust for refraction. Then rotate the
curves around the pole until the Greenwich hour
angle of the sun, moon, planet, or star is set.

Use a stereographic projection because it is both
conformal and azimuthal.

Maximum error arises when you use the curves
for a declination 5° different from that for which
they were constructed.

The maximum error in_ azimuth is about % or 1°,
with the greater part of the area having azimuth
errors much less than this.

Watch Errors

Fixes for a correct sextant but an incorrect watch
are correct as to latitude but incorrect as to longi-

tude. They are displaced east or west 15’ of longitude
for every minute of watch error. An error of 4 min-
utes of watch time will cause your fix to be in error
1° of longitude which is only 15 nm at latitude 75°N
and 10 nm at latitude 80°N. You need to record
watch time only to the nearest %2 minute since an
error of % minute of time will cause errors of less
than 2 miles.

Rate of Change of Azimuth

If you are flying near the pole the true azimuth
changes rapidly, but azimuth in degrees G changes
slowly. You therefore cannot obtain a running fix
from successive sun observations.

Navigation During Arctic Twilight

At the North Pole the sun is above the horizon
for 6 months and below the horizon for the rest of
the year. When it is 6° or more below the horizon,
use the stars for navigation. During the Arctic Day
use single position lines obtained from the sun. If
you can plan your flight so that the position lines
from the sun are parallel to your track when you are
nearing destination your work will be easier. Always
have your watch set accurately to Greenwich civil
or sidereal time.

When you are located at either of the poles of
the earth your zenith and the elevated pole coincide,
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and the plane of your horizon coincides with the
plane of the equator. All vertical circles of azimuth
cutting the horizon coincide with all meridians cut-
ting the equator. All parallel circles of altitude co-
incide with similar parallel circles of declination.

Altitude is therefore always equal to declination,
and azimuth is always equal to hour angle. Hour
angle is the longitude of the celestial body’s meridian
as measured from Greenwich.

Forget solution books and use the Almanac, be-
cause every celestial body in the heavens has the
true value of its coordinates accurately recorded in
the Almanac. For any given instant of Greenwich
civil time (GCT) you can obtain declination (alti-
tude), and Greenwich hour angle (azimuth).

Your assumed position is always the elevated pole.
When you observe the celestial body note the ex-
act GCT. From the Almanac find the proper decli-
nation and Greenwich hour angle of the body for the
exact GCT of observation. When the true observed
altitude, Ho, is greater than the declination, He, go
from the pole toward the celestial body along the
azimuth, GHA. The azimuth is the meridian upon
which the celestial body lies. If the observed altitude
is less than the declination, go from the pole away
from the celestial body along the azimuth or longi-
tude equivalent to the Greenwich hour angle.

Observations on well separated bearings give as
good a fix close to the poles as anywhere else on
earth. For example: Near the pole, about midnight,
on June 29, 1940, the true observed altitude of the
moon by bubble sextant was 9° 48 at a GCT of
23:15:12 and the true observed altitude of the sun
21° 58" at 23:17:24 GCT.

Solution
MOON SUN
GCT 23:15:12 GCT 23:17:24
GHA 236°W GHA 168°W
or 124°E
declination 10°57'N declination 23°12'N
He  10°57 He 23°12

Ho 9°48’ Ho  21°5%

Intercept 69 miles away Intercept 74 miles away
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1. On any polar projection such as HO chart No.
2560 plot the meridian of 124°E. Since this is the
moon’s Greenwich hour angle, that body is located
on this meridian.

2. Plot the meridian of 168°W. Since this is the
sun’s Greenwich hour angle, that body is located on
this meridian.

3. Lay off a point 69 miles away from the moon.

4. Draw the line of position at right angles to the
azimuth 124°.

5. Lay off a point 74 miles away from the sun.

6. Draw a perpendicular to the azimuth 168°W.
The intersection of these two lines is your position.

The best projections to use are the Polar Gno-
monic Chart (H.O. 5405-1) the Azimuthal Equidis-
tant Chart (H.O. No. 2560 or 2560A) or any stereo-
graphic projection chart.

Circles of equal altitude for the sun have a large
radius near the poles, because the sun is always low.
Within 5° of the pole ‘the correction for a line of
position does not exceed 3 minutes so the position
line is correct when you use it as a straight line.
When stars have a high declination the position line
curves. This curve must be taken into consideration
when plotting a straight line of position.

During twilight use the planets or moon as much
as possible. You can use the moon for varying periods
of each year. You can use Venus, Mars, Saturn and
Jupiter at times, depending on their declination. Use
polaroid filters and telescopic attachments on your
sextant to get better results when observing stars.
It is a good idea to experiment with filters and at-
tachments to decide for yourself which ones give you
the best results.

Refraction

The astronomical refraction is not great for the
stars used on the polar astrograph, but allow for it
in constructing the curves. When taking observations
of the sun when it is low be sure to apply the correct
amount of refraction. The atmosphere over the poles
is dense and there is more refraction on a low ob-
servation there than any other place on earth. This
is an important aspect of polar navigation. Proper
use of refraction will improve your polar fixes.
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PLOTTING THE LOP
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8 What are yoar cdeas?

WRITE YOUR IDEAS DOWN. DON'T PUT IT OFF OR YOU'LL FORGET ABOUT THEM.
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LEARN TO PINCH-HIT

i FOR EVERY
OTHER MEMBER
OF THE CREW

APRIL, 1944 NIF 5-1-1
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Many combat missions have been successful and
many planes have returned to their bases because
some member of the combat team was able to pinch-
hit for a fellow member. What you can learn about
piloting, bombardiering, gunnery, and radio opera-
tion may one day save you and your crew.

How much you know about the duties of the
other members of your crew depends upon your
initiative. Reading the brief discussion of duties of
other crew members which follows in this section,
will not make an expert out of you, but it may give
you some idea of the crew’s problems.

Talk these problems over with your fellow crew
members, and handle the equipment until you know
you can pinch-hit in case of an emergency.

Your fellow crew members have spent long weeks
learning their particular skills and you won’t be able
to master their jobs, but you can learn a few im-
portant facts about every other crew position in the
airplane. Check directly with the pilot, the bombar-
dier, the radio man and the gunners. Know their
general routine duties, know a few emergency meas-
ures, and operate from each of these positions at
least once.

The information in this section is a guide to help
you study the other crew duties. Use this informa-
tion as a basis for improving your usefulness. Ask
each crew member to explain points that aren’t clear
in your mind.

These are things that you will have to find time
to do. Is your life worth the effort?
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Learn how to read drift with the bombsight, oper-
ate the bombardier’s control panel, open and close
the bomb-bay doors, turn the rack switches on and
off, and release the bombs either in train or in salvo.
The success of a mission may well depend upon your
being familiar with the bombardier’s equipment.

You are not expected to become an expert bom-
bardier, but you must become so familiar with the
bombsight and the mechanics of its operation that
you are able to pinch-hit.

The bombardier checks his equipment and per-
forms a mission in the following manner. Study this
section and go through every operation under the
supervision of your bombardier until you are quali-
fied.

Before flight, the bombardier checks the C-1 auto-
pilot to see that it is properly maintained. He flight-
checks it prior to every combat mission.

He adjusts his equipment and adjusts the control-
box pointers for best performance at the approxi-
mate altitude of the intended flight. This enables the
pilot to use the equipment without much further
adjustment.

The target folder contains target information in
the form of maps and photographs. The aiming point
and the paths in and out are indicated.

The bombardier studies these maps and photos
and determines how he is going to identify the tar-
get. He anticipates the possibilities of camouflage.
He studies landmarks leading to the target, and in-
formation on the alternate targets.

The target folder also gives him the bomb load-
ing, the bomb interval for the train, the pressure
altitude, and the indicated airspeed. :

When he has the weather report, he computes the
bombing altitude, true airspeed, tangent of dropping
angle, drift, groundspeed, and intervalometer set-
tings for the expected run.

The altimeter is always set with the Kollsman
number at 29.92, so that it reads pressure altitude.

He must know how to estimate bombing altitude
on his computers, both E-6B and C-2. (The official
designations for these computers are AN5835 and
ANS5837, respectively.)

Preflight

Between briefing and takeoff, watch the bombar-
dier preflight and check all of his equipment. Con-
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sider the following checklist as one which you may
be called upon to use:

1. Sight and stabilizer: Set in disc speed and trail,
zero automatic bombing computer, set in metro wind
and true airspeed, and set expected tangent of
dropping angle on sight.

The sight and stabilizer are set with the idea of
checking and rechecking them in the air during the
mission.

2. C-1 autopilot: Position the pointers so that the
adjustment corresponds to that obtained on the pre-
vious flight check.

3. Bombardier’s cockpit:

Indication lights (bombs, doors, intervalom-
eter).

Intervalometer: Make settings determined at
briefing.

Rack and door controls.

Oxysgen.

Guns (covers, headspace, buffer, switch, am-
munition).

Bombardier’s kit: Should contain E-6B; C-2;
tachometers; field glasses; stop watch; complete tar-
get folder (primary and alternate targets); tables for
bombs loaded; pencil and paper; pen light, if mission
is at night; tangent scales for AB computer for bombs
loaded,

4. Bomb bay:

Prior to loading of bombs, racks should be run
through with a bombsight automatic release mecha-
nism and toggle switch, using intervalometer set for
SELECT and TRAIN.

Bombs: Make sure that the shackle release and
the arming levers are installed properly in the bomb-
release mechanisms; check both the installation and
the length of the arming wires; check fins (align-
ment, dents, etc.) and examine fuzes (safety pins,
arming wires, settings, spinners).

After Takeoff

1. Turn on STAB, SERVO, and BS switches (may
be turned off after checking, until about one hour
from target).

2. After reaching an altitude of 1000 feet, turn on
C-1 autopilot.

3. Pull bomb pins when safe to do so.

4. Check sight data. E

5. Level stabilizer at altitude.
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6. Determine winds as frequently &5 possible and
use latest available wind to obtain pre-set data for
bombing run. At takeoff, set on the computer the
best available metro wind for the target. When you
reach flight altitude, obtain the latest wind and use
it in place of the metro wind.

Over Enemy Territory

In addition to obtaining the wind:

1. Keep up-to-date on the airplane’s exact loca-
tion, and spot enemy aircraft.

2. Watch weather, to determine whether target
can be bombed or an alternate will be bombed.

3. Use field glasses to pick up the target as soon
as possible. Be sure you are on the right target.

4, Check setting of racks, switches, and interval-
ometer (interval, number of bombs, train).

5. Pre-set drift.

6. Take over formation by use of the secondary
clutch and C-1 autopilot before the turn over the
Initial Point. In the event that the C-1 autopilot is
shot out, the pilot can use the same procedure, fol-
lowing PDI. :

7. Open bomb-bay doors at the IP and set rack
lever to SELECT.

8. As you roll out of the turn over the IP, line up
the trail rack on the target with approximate drift
pre-set and level bubbles.

9. Begin evasive action. Check dropping angle and
drift on first straight flight.

10. Continue evasive action and re-place lateral
hair on target with displacement knob whenever
possible. Level bubbles before turn on bombing run.

11. As the sighting angle index approaches the
point where the desired run is to begin, start turn-
ing on the target. As the line over the trail racks
nears the target, make shallow turn and pick up the
target through the telescope. As fore-and-aft cross-
hair nears the target, engage bombsight clutch.

12. Place crosshairs on the target with turn and
displacement knobs, level the bubbles, and raise the
release lever,

13. Refine drift and rate to “Bombs away.” When
the indices meet, check to see if the intervalometer
is working properly. If a malfunction occurs and all
bombs are not released, salvo the remainder or
change TRAIN-SELECT switch to SELECT and
toggle them as rapidly as possible.

14. During the turn onto the target and the bomb-
ing run, keep the pilot informed of your progress.

15. After last bomb is out, call “Bombs away”
and turn the ship over to the pilot.

16. Close the bomb-bay doors; then turn off equip-
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ment and, if time permits, make these observations:
Time over target.
Bomb hits.
Fighters.
Flak, accuracy and amount.
Weather.
Drift and tangent and heading.
Friendly aircraft in trouble.
Fires in target area.
Enemy shipping and transportation.
Any other military information.

Run for Lead Ship on High Altitude Mission

.~ 1 Bombardier takes over and makes
turn to line airplane on target at IP.

Opens bomb-bay doors and puts racks
in select.

Notes drift and dropping angle from
AB computer. Uncages. Places lateral
* crosshair on target.

Pre-sets dropping angle and drift.
Continues evasive action.
Re-positions lateral crosshair with dis-
placement knob.

Levels bubbles.

Places crosshair on target with out-
side knobs, raises release lever, re-
/ o fines drift course and rate.

“Sirekr 8 Bombs away; closes doors, observes.

Evasive Action

The bombardier must learn how to take evasive
action, as only he can determine the path from the
IP into the target. The pilot cannot see the target
or determine how far he is from the bombing run.

The lead ship must remember, in taking evasive
action, that a formation of planes is following. This
limits the bank to about 12° maximum. The planes
should roll into and out of turns slowly and smooth-
ly. After every turn, the lead ship should fly an
irregular path with turns of from 5° to 15° in azi-
muth, followed by a straight path of from 15 to 30
seconds, to allow the formation to keep closed up.
During these straight stretches the bombardier pre-
sets drift and dropping angle, checks position of lat-
eral crosshair, and levels bubbles.

The bombardier should keep the wind in mind,
to allow the plane to come in on the predetermined
heading, and the final turn should be made down-
wind, if practicable.

Evasive action involves a definite change in alti-
tude and in course; not merely a change in altitude.
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RADIO OPERATOR -

o

Radio navigation is an indispensable aid in guid-
ing your airplane. Know what your radio compass
can do and what it cannot do.

Know the errors that affect its use.

Know how to compensate for these errors.

Recognize jamming by enemy transmitters.

Know the ranges and locations of all friendly
facilities for each mission.

Learn to use the radio compass to full advantage
for homing as well as for direction finding.

Study ground direction-finding facilities. To work
with the radio operator in obtaining a fix or bearing,
you must know medium frequency (MF/DF), high
frequency (HF/DF), and very high frequency
(VHF/DF) direction-finding facilities as you find
them in various theaters of operations.

Understand all other radio aids to navigation, such
as beacons, radio ranges, and broadcasting stations,
and know when to use them.

Your working knowledge should include a famili-
arity with cryptographic materials which are carried
on a mission. These items include authenticators,
weather codes, aircraft codes, enemy contact report
codes, frequencies, and such other items as the
type of mission requires. Know how to use them.

You must attain proficiency in visual and aural
code of at least five and 10 words per minute, re-
spectively, in order to be able to use your radio aids
properly.

In brief, you must be able to use the radio com-
pass, have knowledge of all radio aids to navigation,
and be able to receive and send code by telegraph
and blinker. To acquire skill in the use of these aids
you must apply yourself.

The Radio Operator’s Job

Here are instructions for the radio operator. Study
them carefully. You learn only by doing, so spend
as much time as you can on the radio and use this
outline as a guide so that you may ask intelligent
questions.
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Before Takeoff

1. Secure all pertinent information about the
flight. Always include the following:
Know your frequencies and call letters.
Set your watch and the airplane’s clocks ac-
curately. (Use tower and ground station.)
Get a radio mission folder.
2. Make a complete visual inspection of all the
airplane’s radio equipment.
Consult the Form 1A.
Check all antennas for breakage and fouling.
Check facility charts.
3. Make brief operation check.
Check filament voltages.
Check power amplifier loading.
Check dynamotors (for running conditions).
Call all positions on the interphone (especially
for high altitude missions).
See that headsets and mikes are at each crew
position for high altitude flights.
Turn on the liaison receiver and allow it to
warm up. (Use AVC positions.)

in the Air
Check into the net.
1. Tune in ground station on receiver.
2. Wait until transmissions cease before tuning
the transmitter.
3. Give position report every 30 minutes. (This is
not done in actual combat.)

Before Landing

1. Check out of the net.

2. Make sure trailing wire is completely retracted.
After Landing

1. Shut off all equipment.

2. Write any and all radio defects in Form 1A.

3. In case of failure to check out of net, inform the
ground station®verbally.

RESTRICTED




RESYRICTED

Remember

1. While flying formation, the radio operator in
the lead airplane sends in reports for the formation
on fixed wire. In case he is unable to do so on fixed
wire he informs the formation leader of such failure.
The formation leader then authorizes one of the wing
airplanes to let out trailing wire in order to make
contact and put in the report.

2. It is your responsibility to monitor the group
frequency at all times when practicable.

3. Remember you are on a party line. Don't sit on
the key. Keep it open for business.

4. In emergency, use any facilities available to
get your message through and don’t stand on
ceremony.

5. Your equipment is precision-made so take care
of it, on the ground and in the air.

Temporary Remedies

Most of the following statements are based on
hypothetical situations which often occur during
flight. Most radio failures gan be remedied tempo-
rarily in the air.

1. If the command antenna breaks, you can rig
an emergency antenna in flight. Do this by running
a wire between the command transmitter and the
knife switch located beside the liaison transmitter.
You can use either fixed or trailing wire, depending
upon the frequency.

2. Let out approximately 40 turns of trailing wire
to allow the weighted ball to clear the end of the
airplane, so it won’t tangle with the tail guns and
bang into the fuselage. 4

3. When the interphone fails during flight, if SCR-
522 equipment is not installed you can remedy the
situation temporarily by placing the jackboxes in
command position and turning the selector switch
(located on the control head in pilot’s cockpit) on
the No. 3 or No. 4 position.

4. When reception is impossible on all receivers,
because of precipitation static or St. Elmo’s Fire,
dissipate the static by lowering the trailing wire 50
or more turns and grounding it to the body of the
airplane. Use a piece of safety wire or any metal
object available. Liaison transmission and reception
are not affected on fixed wire.

5. In case of command failure, make control tower
contact by under-tuning your liaison on voice, on
6210 kc. Remember, full or maximum tuning blocks
the tower’s receivers if your airplane is at the field
or near the field.

6. If all your radio equipment fails or if radio
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silence has been imposed, use the Aldis lamp to sig-
nal other airplanes or the tower. The plexiglas nose
offers the widest range of vision for this operation.

7. Use this method of setting the liaison trans-
mitter on the same frequency as the ground station.
Use the monitor switch and zero beat against the
ground station. If you can’t hear the ground station,
use your frequency meter. Interpolation should be
used as a final setting for the master oscillator only
when:

You cannot pick up the ground station.

You cannot operate your frequency meter.

Distress Frequencies and Calls

In general, transmit distress signals on your
assigned air-to-ground frequency. If you can’t make
contact using this frequency, use the following:

1. The U.S. Emergency and Safety Frequency,
8280 kec. This is guarded by the AAF, Navy, and
Coast Guard. z

2. The International Distress Frequency, 500 kc.
By international law, all surface vessels maintain a
watch on 500 ke for three minutes after the first and
third quarters of each hour.

3. Any other available frequency on which you
can make contact.

There are three basic types of distress signals.

1. Security: Use this signal when:

Your position is uncertain.
You expect an emergency.

If you can still proceed or can land at a suitable
field with the aid of a ground station:

On CW, call TTT.

On VOICE, call SECURITY.

2. Urgent or Emergency: Use this signal when
your airplane is in trouble and you require immed;i-
ate navigational aid.

On CW, call a known ground station, using the
prosign 0; or call an unknown station, using the sig-
nal XXX,

On VOICE, call PAN, or EMERGENCY.

3. Distress: Use this signal when your airplane is
threatened with serious or imminent damage, and
you need immediate help.

On CW, call SOS.

On VOICE, call MAYDAY.

Obtain the definition of Q signals from FM 24-13,
which all Army aircraft carry.

These are the general duties of a radio operator.
You can’t learn all of them in the time that you
have, but know enough about the operation of all
radio equipment so that you can pinch-hit in an
emergency. '
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GUNNER

Accuracy of aerial gunnery is improving with im-
provement in equipment. At the same time, accurate
use of this new equipment requires a sound knowl-
edge of its capabilities and limitations. Always be
familiar with your gunnery equipment.

Field Stripping

Field stripping is the removal of groups of parts
from the gun without taking the groups themselves
apart.

1. Raise the cover and check to see that gun is in
battery position and that there is no ammunition in
the chamber.

2. Remove the backplate.

3. Remove the driving spring rod assembly. Cau-
tion: Never attempt to charge the gun with the
backplate removed and the rear end of the driving
spring rod engaged.
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. BACK PLATE GROUP

. BOLT GROUP

. OIL BUFFER GROUP

. BARREL GROUP

. RETRACTING SLIDE GROUP
. CASING GROUP

N O AW N

. COVER GROUP

4. Remove the bolt stud.

5. Remove the bolt group; rotate cocking lever to
rear and release firing pin.

6. Pull out oil buffer and barrel groups part way.

7. Separate the oil buffer group from the barrel
group.

8. Remove the barrel group.

To assemble the gun, reverse the above procedure.
You can feed the caliber .50 machine gun from
either side by changing the position of several parts.
Before you fire it, be sure the gun is assembled
properly for the direction of feed desired.
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Ammunition
Types Color of Tips
12510~ .00 00 o U, SO el Unpainted
Armor-Piercing .................... Black
URECORIMRW T W T L Red or orange
I CEXTATABYIN: . + <ol s oo nrerns oo ls RS Blue
Armor-Piercing Incendiary ......... Silver

Never store ammunition in the sun.
Keep ammunition dry.

Never grease or oil ammunition.
Ammunition belts should be

inspected for the following
defects before you use them:
Short rounds.

Loose rounds.

Bent rounds or dented cases.
Uneven linking.

Corroded cases or links.

Handling the Gun

Charging:

1. Hold the charging handle with your palm up.

2. With one smooth and rapid movement, pull
back and down.

Draw the handle all the way back and let go.
Never ride the handle forward.

Loading:

1. Safety the gun. :

2. Always feed double-link end of ammunition
into the gun.

3. The cover should be closed. Push the first
round into feedway until it is held in position by the
belt holding pawl. Charge the gun twice. This puts
a round in the chamber.

Firing:

1. Move safety to fire position.

2. Pull the trigger and hold it back so long as you
want the gun to keep firing.

Unloading:

1. Safety the gun.

2. Raise the cover, lift up extractor assembly, and
remove the ammunition belt.

3. Charge gun several times and look into the
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chamber to make sure no ammunition remains in
the gun,

Malfunctions

If your gun won’t stop firing:

1. Pull charging handle down on hand-held gun,
but not all the way back. This holds the action out
of battery. To start firing again, charge the gun.

2. On turret guns do the same thing by pulling
charging cable a short distance. Do not lift the cover
—this stops runaway firing but makes it difficult to
re-load the gun.

If your gun stops firing in battery position:

1. Hand-charge gun twice, keeping an eye on the
ammunition belt. Try to fire after each charging.

2. If the gun still fails to fire, raise the cover;
make sure the extractor hook engages the extract-
ing groove of the round, and make sure the round
is against the cartridge stops.

3. Charge again and try to fire. If gun still does
not fire, look through slot in side of receiver to see if
the sear goes down when you pull the trigger.

If your gun stops firing out of battery position:

1. Try to charge gun to return parts to battery
position.

2. If this does not work, raise the cover and try
to pull the belt over against the cartridge stops. If
the belt is stuck, check for binding in the container
or chute, &

3. If the belt is free, retract the bolt and make
sure no live round or empty case in the T-slot is
holding the bolt out of battery.

Turrets

If you are required to operate a turret, follow
proper procedures. Carelessness may result in a
serious injury for you or may even be fatal. Enter
the turret after the airplane is in flight and get out
before it lands.

8-29

The B-29 super-system of gunnery is called the
Remote Control Turret System. Your turrets and a
tail mount all operate by remote control. The gun-
ners sit at controls inside the fuselage, where they
have plenty of room and are away from the noise and
shock of their guns. Their sights are connected to
computers which figure out deflections automati-
cally for any fighter within range.

Proper use of RCT requires good teamwork and
plenty of practice. It enables the crew to meet at-
tacks from any direction, and to concentrate the fire
power where it will do the most good.
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On the ground you can fire point-blank from a
* stationary mount at a stationary target. In the air
‘ you are firing from a moving bomber at a moving
by target. You must use the right deflection to hit it.
YOU MISS g * Three Rules of Position Firing
% o The first thing position firing takes into account is
the forward movement of your bullets, caused by
é the forward movement of your bomber.
= If you try to shoot straight at the fighter or lead
ahead of him, as you ordinarily would aim at a fly-
ing duck, you will miss because your bullets, carried
forward by your own speed, pass ahead of him.
YOU HIT

To hit, you must aim like this. Position firing cor-
rects for the distance your bullets are carried for-
ward by the speed of your bomber; now, they meet
the fighter instead of passing in front of him.

To make this allowance, you apply the first rule
of position firing: Always aim between the attacking
fighter and the tail of your own bomber, along the
line of the fighter’s apparent motion.

The amount of deflection you take away from the
nose toward the tail of your bomber is determined
by the direction of the fighter’s attack. It is meas-
ured in rads, and varies from 3 to 0 rads. A rad is
the distance between the center and inner ring, or
the distance between two rings in your 35-mil rad
sight.

! DEFLECTION

PSS The second rule is: Use the right amount of deflection.
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THE CONES TELL YOU THE DEFLECTION. 2

Think of the key directions of attack as
surfaces of cones which go out into the sky
around your bomber.

Remember these cones by number—1,

1, 2, and 3. The number gives the deflection in rads
for any fighter on the surface of that cone, whether
he attacks from the right or left, high, level, or low.

To hit any attacking fighter on cone 1%, just off
your fore-and-aft axis, use % rad of deflection. For
any fighter on cone 1, use 1 rad; for any fighter on
cone 2, use 2 rads. The 3-rad position is a wheel
rather than a cone. But for any fighter on this wheel
the gunner uses 3 rads.

The deflections shown in the above diagram are
correct for a bomber flying at a true airspeed of
225 mph. If your true airspeed is more or less than

The fixed-base, iron-ring sight is the simplest
aerial gun sight. It consists of a metal ring or set of
equally spaced rings mounted on the back of hand-
held guns, and a metal post and bead on the front.
The 35-mil angle required for the 35-mil rad ring
used in position firing is made at the post by keeping
a fixed base between the post and ring.

This is the way to calculate the required fixed
base: Measure the radius of the ring and multiply
by 30. The answer is the proper fixed base, in inches.

A ring measuring one inch in radius requires a 30- -

inch fixed base.

To use the sight, hold the bead on the target and
keep both bead and target lined up with the correct
rad ring on either side, away from your nose.

Compensating sights, a new development in the
K-11 or K-13 series, automatically figure the proper
deflections for fighters attacking on a pursuit curve.
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this, use this rule-of-thumb: For each 50-
mph increase in the bomber’s speed, increase
deflection Y% rad. For each 50-mph decrease,
decrease deflection %2 rad.

The fighter never stays on one cone. His pursuit
curve always forces him to slide sideways away from
the nose and toward the bomber’s tail. During the
attack, he moves from one cone to another—and
moves fast.

The rule of position firing is: Change your deflec-
tion during the attack.

When firing from the nose position you invaria-
bly increase deflection in the progress of an attack,
and increase it fast. A fighter starts a nose attack
on cone Y2, moves swiftly to cone 1, and even faster
toward cone 2.

They mechanize position firing. You simply set the
exact altitude and indicated airspeed of your bomber
into the sight by means of a dial assembly on the
sight. When a fighter attacks on a pursuit curve and
is within range, put the sight dot on his nose and
open fire. The sight takes care of deflection.

Optical sights permit the gunner to use any de-
sired sight base and still maintain a 35-mil rad ring.
When a fighter attacks on a pursuit curve, place the
center of the sight between the target and your own
bomber’s tail, using the proper deflection.

Computing sights automatically compute the prop-
er deflection for any type of attack. Before the
fighter gets within range, the gunner sets his wing-
span into the sight by means of the target dimen-
sion dial, keeps the fighter framed in the reticle by
means of a range pedal or knob, and keeps tracking
and firing.
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By constructing a chart to these meas-
urements, and placing it at a distance of
35 yards from your guns, you can check

TARGET their alignment before each mission. If you

wish to change the range or bullet pattern
construct a new chart.

LEARN HOW TO OPERATE AND PREFLIGHT THE TURRETS

Sperry Upper Local Turret

Preflight Operation.

Use this preflight procedure to get maximum per-
formance during actual combat.

1. Clean Plexiglas panels in dome.

2. Check sight and guns by boresighting.

3. See that hydraulic breather cups are one-
quarter full of oil.

4. Be sure that power clutches are engaged.

5. Check to see that hand cranks are disengaged.
Do not disengage until after power clutches have
been engaged.

6. Load ammunition boxes and feed ammunition
just up to the guns.

7. Move main switch lever to “ON” position.

8. Move sight switch lever to “ON” position.

9. Close safety switches on hand control unit.

10. Allow hydraulic units and sight to warm up
at least 5 minutes before takeoff.

11. Check response of azimuth and elevation
mechanisms by manipulating the hand control unit.

12. Turn range knoh and watch the reticles move
in response.

13. Adjust reticle light to desired brilliance.

Flight Operation.

1. Charge guns twice.

2. When the target is sighted, set in the target
dimension on sight.

3. Turn on fire selector switches.

4. Turn hand controls so that reticles stay on
target (tracking the target).

5. Adjust range knob until reticles frame the
target. Keep the target within the frames.

6. Close either firing switch.

7. When your ammunition is used up, charge the
guns at least twice to clear out live shells.

8. Move guns to 0 elevation when not in use.
Be sure to have the turret main power switch turned
on before placing the gun safety switch on “FIRE.”

In the event of power failure, you can control the
turret by the handcranks. You can’t track a target
by using handecranks, since the movement of the
guns and turret is too irregular for accurate sight-
ing even if you could manipulate all the controls
at one time. You can use the handcranks, how-
ever, for positioning the turret and guns so that
they point to the approximate position of the target.
At any rate, make the enemy think your guns are
operating. He can't tell if you’re firing or not.

Use this procedure to operate handeranks.

1. Engage azimuth and elevation handcranks.

2. Disengage power clutches.

3. Move turret and guns in desired directions.

4, When finished re-engage power clutches.

5. Be sure to disengage handcranks before op-
erating power motor again.
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Sperry Ball Turret—Operation

You must understand the safeguards provided,
and follow the proper routine in operating the tur-
ret. Don’t attempt to operate the turret before you
are familiar with these instructions. Serious injury
may result from incorrect operation.

Instructions for Entering Turret

1. Remove elevation handcrank from its clip and
attach to shaft. Be sure that handbrake is locked.

2. Move elevation handclutch to “IN” position. It
may be necessary to loosen the handbrake and rock
it back and forth before the handclutch can be
moved to “IN” position.

3. Use the clutch handle to move the elevation
power clutch to “OUT” position. Then replace the
handle to its place in the clip.

4. Loosen the elevation brake slowly while hold-
ing the elevation handcrank firmly.

5. Turn the hand elevation crank down until the
turret revolves to low limit of elevation (-90°).

6. While holding hand elevation crank, open the
turret door, reach inside and move the elevation
power clutch to “IN” position.

7. Move the elevation handclutch to “OUT” posi-
tion, then remove the elevation handcrank and re-
place it in its clip.

8. Enter the turret. Close the door securely. Be
sure you push the door handles all the way up and
lock the turret door before turning the main power
and sight switches “ON.”

Instructions for Leaving the Turret

. Drive the turret to its low limit of elevation.

. Turn main power and sight switches “OFF.”

. Open the door and leave the turret.

Attach the elevation handcrank.

. Move the elevation handclutch to “IN.”

. While holding the elevation handcrank firmly,
reach inside the turret and move the elevation power
clutch to “OUT” position.

7. Close and latch the turret door.

8. Turn the elevation handcrank and elevate the
turret to its upper limit (0°), and then lock the ele-
vation handbrake.

9. Remove the clutch handle from its clip and at-
tach it to the azimuth power clutch on top of the tur-
ret. Move the azimuth power clutch to “OUT” posi-
tion and push the turret by hand until the guns
point to the rear of the airplane.

10. Move the azimuth power clutch to “IN” posi-
tion, then remove the handle. Replace it in the clip.

= T IO R
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Preflight Operation Check

Use this preflight procedure to get maximum per-
formance during actual combat.

1. Clean all Plexiglas.

2. Check the oil level in the breather tank of the
hydraulic unit. (1/3 full.)

3. See that all handcranks and clutch levers are
in their proper positions.

4. Turn the power switch “ON.”

5. Turn the sight switch “ON.”

6. Check the response of the azimuth and eleva-
tion mechanisms by manipulating the hand con-
trols. Do not drive the guns down until they strike
the ground.

7. Adjust the reticle light on the sight to the bril-
liance you want.

8. Work the range foot pedal and be sure the
reticles move in response.

9. Make a check of alignment of your sight and
guns by boresighting.

10. Lead your ammunition boxes and push the
ammunition down to the guns.

11. Lift each gun cover plate and pull the am-
munition down. Feed the first shell by hand into the
magazine of the gun. Close gun cover plates.

in-Flight Operation

Enter turret.

Turn on power switch.

Turn on sight switch.

Charge the guns twice.

Turn on fire selector switches.

6. Set the target dimension on the sight when the
target is sighted.

7. Use the hand controls to move the turret to
keep the reticles on the target (tracking).

8. Operate the range foot pedal until the reticles
frame the target.

9. Close either firing switch.

10. When your ammunition is used up, charge the
guns at least twice to insure that no live shells are
in the guns.

11. Turn fire selector switches “OFF.”

12. Leave turret as described above.

During landing or takeoff, your guns must be in
the horizontal position, pointing aft. Be sure there
is no member of the crew in the turret.

You won’t have the time to become as proficient
a gunner as you are a navigator, but you must know
how to use your gun and all of the turrets reason-
ably well. Take care of your own guns for your life
depends upon their proper operation.
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Weather Symbols
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There are many symbols and combinations of symbols used in reporting weather by
teletype. Being familiar with them and the standard procedure used in placing them in
their proper sequence in the report will hasten your understanding of the weather pic-
ture. A typical teletype report appears below:

ALL TELETYPE REPORTS FOLLOW THE ABOVE EXAMPLE

A N SPL 281624F E30©D15(D2VIRW-BD- 152/68/6022+/996/+@®NW OCNL LTNG IN CLDS

It is deciphered as follows: Washington; observance
of instrument flight rules required; special report at
1624, Eastern War Time; ceiling estimated at 3,000
feet; sky overcast, lower scattered clouds at 1,500
feet; visibility 2 miles, variable; thunderstorm; light

rain shower; light blowing dust; barometric pres-
sure 1015.2 millibars; temperature 68°F; dewpoint
60F°; wind, west northwest 22 miles per hour, strong
gusts; altimeter setting, 29.96 inches; dark overcast
to northwest, occasional lightning in clouds.

SYMBOLS USED ON TELETYPE SEQUENCES

SKY

O Clear (less than 1/10 covered)

@ scattered clouds (1/10 to 5/10
covered)

@ Broken clouds (6/10 to 9/10
covered)

D Overcast (more than 9/10 covered)

No more than two sky symbols are
grouped together. When there is no
slant / all cloud bases are balow
9,751 feet. When a sky symbol pre-
cedes a slant / those cloud bases are
above 9,750 feet; when a sky symbol
follows a slant / those cloud bases
are below 9,751 feet.

(D/', (ID/, @/ high scatfered, etc.

O/ 0, O/O, ©/0, /O,

@/CD, @/(H) high scattered with
lower scattered; high scattered with
lower broken; etc.

Q0. 0. OO, OO, SO.

@(ID {no slant) scattered, with lower
scatlered; scattered with broken; ete.

The plus () or minus (—) sign preced-
ing the cloudiness symbol indicates
“dark’ and ‘““thin"’, respectively.

WEATHER

A plus (+) sign following indi-
cates HEAVY, a minus (—)
sign following indicates LIGHT,
no sign indicates MODERATE

R Rain

S Snow

L Drizzie

ZR, ZL Freezing rain, etc.

E Sloet

A Hail

AP Small hail

SP  Snow pellets

$Q, RQ Snow squall, etc.

T Thunderstorm (no —)

SW, RW Snow showaers, stc.

TORNADO (always written
out in full)

CLASSIFICATION

C Satisfactory for coniact flight
N Requiring observance of IFR
X Take-off and landing sus-
pended
Station not at a con-
trolled airport

{none)

OBSTRUCTIONS
TO VISION
A plus () sign following indi-
cates HEAVY, a minus (—)
sign following indicates LIGHT,
no sign indicates MODERATE

F-~ Damp haze (no )
F Fog

GF Ground fog

IF lce fog

H  Haze (no + or =)
K  sSmoke

D Dust

BS, BD Blowing snow, etc.
BN Blowing sand
GS Drifting snow

(figures) Miles and/or fractions
of miles

{none) Visibility 10 miles or
more

V (Following visibility figures)
variable visibility

WIND

The velocity is indicated by fig-
ures reprasenting its value in
miles per hour, calm being in-
dicated by the letter C. Signs
shown bslow, following ve-
locity figures, indicate:

-+ Strong gusts

~— Fresh gusts

E Estimated

DIRECTION

Arrows flow with the wind as:

‘ North
{ /' NNE

MISSING DATA

Indicated by the letter M entered
in the place of the missing
data.

¥ NE, etc.
CEILINGS
Praceding ceiling figures
E Estimated M Moeasured
W Indefinite A  Aircraft
P Precipitation
V (Following ceiling figures)
variable ceiling
O (Figure naught) ceiling is be-

low 51 feet
(nofigures) Ceilingabove9,750
feet
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CIRROSTRATUS
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You and the Weather

There are three major weather hazards which
every flyer is bound to encounter: Fog, thunder-
storms, and icing.

The purpose of this information is to emphasize
the conditions which lead to the formation of Fog
so that you may anticipate it and take advance pre-
cautions against it, to show you Thunderstorms as
you will encounter them in actual flight and what to
do about them; to remind you of the nature and
types of Icing Conditions and how to anticipate,
recognize and analyze them.

The object of this discussion is not to make you a
weatherman or a forecaster, but to offer you some
“Navigation Weather” based on Army, Navy, and
Airline experience, to assist you in estimating
weather during flight and to supplement your own
good judgment, for which no formula or advice can
be substituted.

The Flight Plan

You are planning a flight. From takeoff to land-
ing, you will have control of practically everything
except the weather. It makes little difference
whether your flight is local or cross-country, you
must fit your procedure into the pattern of winds
and weather. If you don’t, you may lose the op-
portunity to fly again.

First, check the weather map if one is available.
It is a small scale picture of the weather in which
are included the clues of weather trends. A weather
map scales down the atmosphere to such an extent
that symbols are necessary to represent measured
quantities. It is to your advantage to know these
symbols and to read them as you would a book.

Second, check current weather on latest teletype,
and radio reports. Correlation of the latest weather
map and weather reports will give you a motion
picture of flight conditions.

Third, be sure en route weather is flyable. Icing,
thunderstorms, strong head winds, extensive low
ceilings and poor visibilities can keep you from
reaching your destination especially if a few of these
factors occur simultaneously.

Fourth, be sure both ceiling and visibility at your
destination will be ample for landing procedures.
Fogs, low clouds, drizzle, rain, snow, dust, smoke,

blowing snow; all limit vision near the ground
where you need it most.

Fifth, use every available means in estimating
winds for your flight. It is much safer to have
enough fuel for a 50 mph head wind which turns out
to be only 30 mph, than to run out of gasoline be-
cause winds were 20 mph stronger than estimated.

Sixth, plan one or more alternate procedures
against the possibility of flying into unforeseen or
suddenly developing weather that makes your orig-
inal plan impossible.

Seventh, work with a forecaster. Check your ideas
against his and have him estimate en route as well
as terminal weather. He’s there to help you make
your flight a safe one. When your forecaster suggests
you postpone your trip, you'd better double-check
the weather before taking off against his advice be-
cause you're the one who will be up there battling
the elements.

FOGS

Fog may be defined as a cloud on the ground. It
usually forms at night, as a result of the air being
cooled by its contact with the ground, causing the
air to become saturated. It also forms when surface
winds carry air over terrain that permits slight
super-saturation or when rain or snow falls into
colder surface air.

Ground Fog

This type of fog forms in nocturnally cooled sur-
face air. It first appears in valleys and depressions
as isolated patches, or, if terrain is level, where sat-
uration of air is greatest. Patches of fog join to form
a layer which deepens until an hour or two after
sunrise.

If you are planning a night flight, particularly if
arrival at your destination is planned near sunrise,
a careful search for factors favorable to ground fog
in the destination area is mandatory. When doubt
exists as to presence of fog, arrival a few hours after
sunrise should be the alternate plan. Do not exhaust
fuel circling an airport, waiting for fog to lift.

Airports on hill tops are last to become foggy; air-
ports in moist valleys tend to fog-in early.
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WEATHER CONDITIONS
FAVORABLE TO FOG UNFAVORABLE TO FOG
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Advection Fog

This fog develops in winter or early spring as a
result of warm moist air drifting over cold ground
or snow. Winds blowing northward off the Gulf of
Mexico cause normal advection fog. This is likewise
true in Spring over the cold Great Lakes.

Normal type advection fog is usually extensive.
If you get caught over a region where it is forming
or drifting you may not be able to reach an alternate
airport, thereforg exercise extreme caution in flying
over or toward regions where there is any chance
of advection fog.

Sea Breeze Fog

Monsoon (sea breeze) fog is a feature of coastal
areas where cool water lies close to sunheated land
and is associated with a sea breeze. Inland from the
shore the fog usually lifts into a layer of low clouds
and then clears.

Monsoon fog often forms and spreads along coastal
land in less than an hour. Because of the tricky
nature of this fog, your flight plan to a coastal air-
port where a vigorous sea breeze is blowing, should
include an alternate procedure to an inland field.

Precipitation Fog

Precipitation (rain) fog is the result of relatively
warm rain or snow falling into a layer of colder air.
Precipitation fogs are usually associated with tem-
perate zone cyclone fronts, particularly warm fronts.
Precipitation fog frequently is preceded by broken
low scud clouds or by stratus which thickens to the
ground. Sometimes, fog forms rapidly at ground level
and extends quickly over large areas. If there is any
possibility of precipitation fog at your destination,
an alternate plan is your safety factor.
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Upslope Fog

Upslope fog develops in uphill winds, It is a cloud
resting on a slope or hill top. Upslope fog, therefore,
is confined to hilly terrain, particularly in the west-
ern half of the United States and the Appalachian
Mountain region.
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Upslope fog often forms rapidly and over large
regions, An alternate airport on the lee side of a
hill, preferably as far down the base of the hill as
possible, is a good alternate plan if you are going to
fly where upslope fog is a possibility. If you have no
alternate, don’t fly blind; landing on hilly fogged-in
terrain is disastrous.

Fog Warnings

1. When temperature and dewpoint are
only a few degrees apart.

2. A widespread precipitation area.

3. Within 200 miles of seacoast—if the
wind is from the water.

4. In the Fall and Spring if the airport
lies near a large river or lake.

5. If the flow of air is directed up a
broad, fairly steep slope.

Eotimating Weather in Plight

Cumulus Clouds & Thunderstorms

Cumulus clouds are billowed in appearance as the
result of vertical currents. A pilot seeing cumuli is
warned immediately that vertical currents are pres-
ent in and below the clouds. For practical purposes,
cumuli can be classed in three categories:

1. Flat cumulus usually having considerably more
lateral development than vertical.

2. Towering cumulus frequently having more
vertical development than lateral.

3. Cumulonimbus, or the shower and thunder-
storm cloud.

Flat Cumulus

Flat cumulus clouds are usually associated with
favorable weather. They are readily identified by
their lack of vertical development.

Air is mildly to moderately rough in and below
the clouds but smooth above. Precipitation does not
fall from them, Icing is light, occasionally moderate
when their temperatures are below freezing. There
is no particular need for staying out of flat cumulus
unless light turbulence must be avoided or there is
icing in the clouds.

Towering Cumulus

Towering cumulus has considerable vertical de-
velopment and a great tendency toward turret-type
finger tops each of which contains a strong vertical
current. Towering cumuli are forerunners of show-
ers and thunderstorms.

Turbulence in the towering cumulus is normally
moderate and occasionally severe. Turbulence below
the cloud is mild to moderate. Rain or snow does not
fall from this type of cloud. Its presence, however,
indicates that rain or snow fall is imminent. Icing in
towering cumulus is moderate to heavy where tem-
peratures are 32°F or less, particularly in the tower-
ing fingers and domes.

Avoid towering cumulus. A flight around the
cloud will take only slightly more time than one
through, and in flying around it you can avoid ex-
posing your plane and yourself to danger.

Cumulonimbus

Cumulonimbus clouds are showers or thunder-
storms. They assume many shapes and sizes but, in
general, they appear as a massive towering cloud of
great vertical and lateral development from which
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CUMULONIMBUS

rain or snow is falling. A thunderstorm is a typical
cumulonimbus.

Turbulence is moderate to severe in the cumulo-
nimbus. Updrafts and downdrafts are of such
strength that aircraft, if caught, can be lifted thou-
sands of feet upward or pushed downward against
the ground. Icing in cumulonimbus where tempera-
tures are 32°F and less is moderate to heavy. Hail,
lightning, static in receivers, and St. Elmo’s Fire in
addition to icing, up and downdrafts, and severe
turbulence are characteristic dangers of the thun-
derstorm.
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It is mandatory that cumulonimbus be avoided in
all your flights; only when trapped with no alterna-
tive plan should you proceed through a massive
cumulonimbus. Several procedures are possible
upon encountering thunderstorms or very large
showers. In order, they are:

1. Circumnavigate, preferably about that side
from which the storm came.

2. Fly over the top of a saddleback between two
towering clouds.

3. Fly underneath when (1) and (2) are impos-
sible but only when the base is several thousand feet
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above highest terrain. Turbulence is moderate to
severe and downdrafts are dangerous below the
storm base. Hail might also be present.

4. Land at an airport and await the storm passage
on the ground if there is an airport or suitable field
available.

If it is necessary to fly through the storm clouds,
you have several choices.

1. Enter a thunderstorm preferably through the
thin spots where you can see sunshine or blue sky.
Storm clouds, however, shift continuously and
sometimes imprison a plane before it can get
through a thin spot.
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2. In flying through black spots you are likely
to find rough air, hail, up and down drafts, and
lightning. Black spots certainly are not pleasant but
also not extremely dangerous.

3. Avoid greenish and slightly off-color spots.
They are usually regions of severe turbulence. Off-
color is due in part to presence of electrical charges.

4. Flying at altitudes above the freezing level is
sure to cause moderate to heavy icing.

5. Never land at an airport during a thunder-
storm. Wind shifts may be disastrous.

No flight through a thunderstorm is safe; some
flight paths are only less dangerous than others.

HAZE LEVELS, OVERCAST BASES AND TOPS

Haze level is the top of a layer of air in which
dust, smoke, haze and other debris are present. If
impurities are numerous as they are in a dust storm,
the haze level is as definite as the ground and
horizon itself. Above the haze level, air is clear.

Fly above the haze level if you can. You have
more visibility on top and there is no danger of
getting dust into the engine. Air is smooth and car-
buretor icing is less likely.

Flights on Top of Cloud Layers

Advantages:

1. If a temperature inversion caps the cloud layer,
air is smooth on top and usually carburetor icing
will not occur.

2. If the cloud top is flat little icing will occur.
Disadvantages:

1. You cannot estimate ceilings from on top a solid

cloud layer. Rather than guess, call ground stations
for weather report.

2. If the cloud top is undulating and has a tend-
ency to tower, icing is certain at or below 32° F.

Flights Under Cloud Layers

Advantages:

1. Contact procedure.

2. Icing in flat-based clouds is likely to be less
than in undulating-based clouds.

Disadvantages:

1. You cannot estimate the top of a solid cloud
when flying underneath. Pilot reports or sounding
data must provide you with the necessary informa-
tion.

2. Contact flights are dangerous in rough or hilly
terrain; peaks sometimes merge with cloud bases
causing zero-zero conditions.

FLIGHT PATHS THROUGH PREFRONTAL LINE 5@
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WARM FRONT

Warm Fronts

Warm Fronts form when a warm air mass moves
into a region occupied by a cold air mass, the warm
air causing mass cooling as it rises. When you fly
toward the front from the cold air side, warm front
clouds will first appear as cirrus. Cirrus merge with
cirrostratus which descend and merge with alto-
stratus from which rain or snow falls. In the rain
region, scud, stratus and stratocumulus lie below the
altostratus, and higher clouds and fog frequently
cover a considerable area near the surface front.

You will often find rough air in the cold air below
the frontal surface; mild or moderate turbulence is
frequent in the warm air clouds above the frontal
surface. There is also moderate turbulence in the
frontal surface itself.

Expect precipitation static in a frontal cloud. It
sometimes is too harsh to permit voice communica-
tion and may smother reception from radio ranges.

Choice of flight paths through warm front clouds
are numerous. Five are illustrated in the warm front
sketch above.
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1. Over the top is smooth and ice free but it is
often too high to be practical or even possible.

2. You may encounter limited icing in clouds at
sub-freezing temperatures in both the cold and
warm air; you are certain to find considerable static
and may find turbulence of moderate degree in
warm-air clouds.

3. If you fly at an altitude just less than the
freezing level in the warm air you eliminate serious
icing possibilities, except for a relatively narrow
band in the cold air before crossing the front. You
must, however, expect rough air and static.

4. Altitudes somewhat below the freezing level of
the warm air are free of icing in the warm air but
present a very serious hazard in the cold air where
sub-cooled rain droplets are present.

5. Contact flying in the frontal zone is dangerous.
Clouds in nearly every well developed warm front
include fog and scud at tree top heights.

The best choice is over-the-top. When you cannot
get on top at some distance from the heavily clouded
region your next best choice is a_flight just below
the freezing level of the warm air. Estimate the pos-
sibilities and plan your altitude accordingly. Re-
member, it is usually easier to pick the right altitude
approaching the frontal zone from the warm air side
rather than the cold.
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COLD FRONT

OCCLUDED FRONT
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Cold Fronts

Cold Fronts form when a wedge of cold air moves
into a region of warmer air. The warm air is forced
upward and undergoes the process of cooling that
may cause thunderstorms. These are generally con-
centrated in a zone 15 to 50 miles wide but may ex-
tend hundreds of miles in length.

Choose your flight path through Cold Fronts on
the same basis as for Warm Fronts. Several flight
paths with the plane approaching the Front from the
warm side are indicated in the illustration above.

Leine Sgaaé’é’a

Line squalls are intense cold fronts along which
unstable air and cumulonimbus occur in a line for
hundreds of miles. Towering thunderstorms in Sum-
mer and snow showers in Winter are the usual fea-
tures of a line squall. Summer time prefrontal line
squalls are vicious and violent thunderstorm lines.
They lie some distance ahead of a cold front and
travel with greater speed than the front which is
reduced to a partially clouded windshift line.

Avoid both cold front and prefrontal line squalls.
Only when trapped with no other alternative should
you attempt to go through the squall clouds. Choice
of path through line squalis:

1. Your best choice is to find an airport nearby
and wait on the ground for it to pass.

2. Fly through a saddle back between two towered
clouds but be sure this is in the clear.

3. Pick the clearest spot between two storm
centers and head directly into the squall at 90 de-
grees to the line.

4. Fly through a thin spot where blue sky or
sunshine is discernible through the break.

5. Enter through a dark spot, it will be rough
but not as bad as other spots.

6. Fly underneath, turbulence will be moderate
to heavy with possibility of hail, also up and down
drafts.

Avoid off-color greenish or other off-hue spots,
they are extremely turbulent and highly charged.

Remember that line squalls are violent by com-
parison with ordinary airmass thunderstorms. They
often appear in an hour or two without warning. Be
on the alert when flying in the warm sector of a
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temperate zone cyclone especially near the cold
front. These are the places where line squalls usually
first appear.

Occluded Fronts

Occluded front clouds occur when a warm front
collides with a cold front. The weather along an
occluded front contains a combination of warm and
cold front characteristics.

When an occluded front winds up into a low pres-
sure center, that has been intensifying, be prepared
to look for weather that will combine the worst
features of both cold and warm fronts.

Plan flight paths through occluded front clouds
with the characteristics of both fronts in mind.

Cloud Features

Cloud features often help identify the cloud type
and its probable origin, but you should never put
full faith in what you can see from the ground or
the air unless evidence is absolutely complete.

In general, frontal clouds will come across the sky
in bands and in regular sequence from high types
merging with and obscured by lower types.

Layers of stratus and stratocumulus not associated
with fronts usually occur over somewhat irregular
areas without smoothly cut edges. In contrast to
frontal clouds they are not orderly. Stratocumulus
clouds often occur in regions of thunderstorm activ-
ity. They may hide a thunderstorm if you are flying
beneath them. Flying conditions are generally good
over the top of stratocumulus, away from a front.
When they occur alone, they do not indicate a front.

Cumulus clouds not associated with fronts occur
at random. If you are unable to identify unexpected
clouds properly in your flight path, proceed cau-
tiously until you are sure they are harmless. Mois-
ture in the air and clouds that result are responsible
for practically all unfavorable and dangerous flying
weather.

GETTING THE WEATHER

1. Weather in flight is no longer confidential. In
an emergency, you can get any weather information
you ask for “in the clear” during one transmission.

2. You may request Terminal or Landing Weather
from Range Stations or Control Towers. Reply will
be limited to any two stations “in the clear” for any
one request.

3. You may transmit such weather information
during flight as is requested.
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Reles forn Hying Weather

[ When approaching a thunder-
storm, analyze it before you en-
counter the surrounding clouds.
They may obscure important char-
acteristics of the storm after you
get into them.

2- Before attempting to fly any
thunderstorm, study the situation
thoroughly.

3. Whenever possible, circum-
navigate a storm. Always fly
around isolated air mass thunder-
storms.

4- in coastal regions, where thun-
derstorms prevail along the moun-
tains, fly a few miles to seaward
and avoid them.

5- Thunderstorms over islands
may be thousands of feet higher
than those over the open sea. Fly
around them.

6.; Cold front thunderstorms gen-
erally stretch too far to fly around.

Remember, the storm front is a se-
ries of individual storms linked by
intervening clouds. If you must go
through, fly between the storm
centers or over the saddlebacks.

7- If you can’'t see blue sky
beyond the storm and must go
through, determine the direction
the storm is taking and head in at
a right angle.

Y. Once you have headed into a
storm, don't turn around on account
of turbulence, rain, or hail. If you
do, you'll have to fly through the
same condition twice, and you may
get lost. Hold your original course.

9. In entering the front of a thun-
derstorm, you will encounter up-
drafts. Go in low, and if conditions
permit, fly underneath the base of
the storm.

&

UL), Entering a storm from the
rear, you will experience down-
drafts first. Go in high.

]]. In flying under a storm, the
higher the flight level, the rougher
the trip. Fly about one-third of the
distance from the ground to the
base of the clouds if you can; but
don’t go underneath unless you
can maintain contact flight.

?ZQ Don't try to fly underneath a
storm along mountain ranges un-
less there is a good ceiling and
you can see peaks and ridges
clearly. At sea you can usually
count on being able to fly under
any thunderstorm in daylight,

'é,-\.

.l‘"'w '
1.-. '} bR

H’? :

+*. Never land at an airport
when a thunderstorm is advancing
toward the field. Shifting surface
winds make it too hazardous. Wait
until the storm center has passed,
and the winds have stopped shift-

ing, before you land.

ﬂ'ﬂ:‘ When you expect to try level
flight in flying ¢ storm, get altitude
before approaching it, so that you
can inspect the storm line before
selecting your course.
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15. The altitude necessary to fly
around the tops and over the sad-
dlebacks of a thunderstorm will
vary with the seasons and the lati-
tude in which you encounter the
storm. In high latitudes, 12,000 to
15,000 feet is generally sufficient.

in the tropics, the tops of the sad-
dlebacks may be above the ceiling
of your aircraft and you may have
to fly through the saddlebacks on
instruments, a procedure recom-
mended only for high performance
aircraft. Over the open sea, 15,000
feet of altitude usually will clear
the saddlebacks.

16. Lightning is of little conse-
quence when you are flying an all
metal, closed-cockpit plane, which
acts as a perfect conductor. Don’t
worry about it. Switch on the light

REVISED APRIL, 1944 NIF 6-4-2

and keep your eyes on your charts
and instruments, so that the bright
flashes won’t blind you. If you are
flying in an open cockpit plane, or
a plane with a plywood or plastic
fuselage, better keep away from
the lightning.

KEEP YOUR HEAD, KEEP YOUR COURSE—YOU’LL COME THROUGH

Remember [tcs

1. Know your winds. Winds at cruising level de-
termine your groundspeed. Study your winds aloft
so as to know where the most favorable ones may
be found. The wind always blows with low pressure
to the left of the line of motion; i.e., if the wind is
from the south, the low pressure area is to the west.

When the isobars on your weather map are
crowded closely together, strong winds are indicated.
Usually surface winds are less than those at higher
altitudes because of the friction of air moving over
uneven terrain. However, there are times when sur-
face winds may approach those at higher levels and
become too violent for safety.

2. When an active warm front is approaching,
delay your takeoff until the front has passed, and
even then, check to be sure you will not cross the
warm front.

3. In winter be on the lookout for snow. If the
temperatures are near, or below freezing, the pre-
cipitation is likely to be in the form of snow. If it
is, remember that snow can cause a low effective
ceiling in just a few minutes where before there was
only an intermediate cloud layer with unlimited
visibility. Snow static often makes your radio use-
less, and it is much easier for heavy snow to fall
than heavy rain.

4. Carefully consider the intensity of each cold
front before you attempt to fly through it. If there
is any doubt in your mind, sit down and wait until
it passes. Use your head to save your neck.

5. Avoid flight where icing conditions are likely
to be found.

Special conditions you should watch for in Spring:

1. Formation of secondary storms on cold fronts.

2. Widespread low cloud area is still a hazard.

3. Cold fronts may be at their most violent stage.

During Summer, there is one paramount rule:
Thunderstorms are dangerous.

If yoyr flight plan and forecast work out as ex-
pected, and they will most of the time, you know
what you are encountering. If, on the other hand,
your forecast of winds and weather and your flight
plan do not turn out as planned, you have no fool-
proof method of knowing actually what is ahead
from what you can observe from the air. Contact
ground stations often for weather reports, ask for
advice or revised forecast, call other airplanes in the
same area if possible, consult Pilots’ Advisory Serv-
ice. If you don’t like the looks of what you are
seemingly encountering, turn around while you still
have time and proceed to your point of departure
or some convenient field. Remember, you must play
along with the weather and it’s no disgrace to admit
you are out-maneuvered.

No formula has ever been devised to fly bad
weather nor has any substitute for experience and
good judgment been discovered. The information
offered here is intended merely as a guide; for de-

tailed information study Technique in Weather T.O.
No. 30-100 D-1.
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NAVIGATIONAL
AND TACTICAL

USES OF CLOUDS

All clouds except Cirrus form, are with
the attacker and against the defender.

Convection clouds (Cumulus and Cu-
mulonimbus) in the daytime may help
you locate a continent or large island.

Lack of radiation fog in continental
areas may indicate bodies of water.

Sea fog over the ocean at night looks
like a mass of land and may fool you.

The leaning of vertical development
clouds (Cumulus and Cumulonimbus)
will indicate the most favorable flight
level for a fast trip, but does not indicate
the actual wind direction.

The winds over the top of stratus type
clouds are usually quite different from
the winds below the clouds.

In passing through any type of Northern
Hemisphere front in any direction, re-
member:

1. If you had right drift it will become
less right or possibly left drift.

2. If you had left drift before crossing
the front, it will either become right drift
or none at all. These rules are reversed
in the Southern Hemisphere and do not
apply to the inter-tropic front.

Beware of shadows from Cumulus and
Cumulonimbus clouds on water. They
frequently look like islands.
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‘!‘hree Types

1. Exhaust trails: formed by the moisture emitted
from the exhaust pipes.

2. Convection trails: formed by the heat from the
engine causing the air in the wake of the plane to
be lighter than the surrounding air. The heated air
rises, and forms a true cloud.

3. Aerodynamic trails: formed by flying through
nearly saturated air. The cooling as air passes over
the wings lowers the temperature to the dew point
and trails are formed.

General Characteristics

One outstanding fact must be remembered about
such trails. You frequently do not know your air-
plane is leaving a trail even when you are expect-
ing one. It is sometimes necessary to make a turn
of 180° before you can see the trails. An explanation
of this is that under certain atmospheric conditions,
the trail forms just aft the engines and wings, and
under varying conditions these trails may form at
from 500 yards to 2 or more miles behind the plane.

At 2 miles you may not see them.

You should understand the tactical importance of
condensation trails. The disadvantage of such trails
is apparent. When you operate at an altitude at
which you are not readily visible from the ground,
condensation trails give away your position and
course of flight. They indicate the number of ships
in your flight, and they provide a good means for
enemy pursuits to close with bombers, using the
trail as a cloud cover.

From the ground, condensation trails look like
sky-writing. They usually form at very high alti-
tudes and at low temperatures. Expect them when
cirrus and cirrostratus clouds are present. These
trails may form at lower altitudes and when no
clouds are visible, if the atmospheric conditions are
right for their formation.

When you see condensation trails, tell the pilot
to climb or glide to a different level until the
trails cease. Usually a change of altitude from 1000
ft. to 2000 ft. will eliminate the trails, but sometimes
it may be necessary to change altitude at least 5000
ft. or more.
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All Army Air Forces airplanes contain means for
quick exit, in the air, on the ground, or water.
Before you fly, be sure you know:
1. What exit to use.
2. How to use it.
3. When to use it.
Hold frequent practice drills on the ground. Team-
work and speed mean a lot in an emergency.

What Exit?

In flight, upper exits are dangerous because of the
possibility of being caught by a propeller or of
striking the tail. Use lower or side exits whenever
possible. Study Handbook of Flight Operating In-
structions to learn how to bail out of your particular
airplane.

On the ground or water, fasten all lower hatches
before landing. Dump all upper ones. They may jam

APRIL, 1944 NIF 7-1-1

8. BOMBARDIER'S AUX. DOOR
C.PILOT'S COMPARTMENT ENCL..
D. GUNNER’'S ENCLOSURE

E. GUMNER'S ACCESS DOOR

upon impact and delay is dangerous. In an emer-
gency, you can knock a hole in the skin of the air-
plane. If a handaxe is provided on the airplane,
know where it is and how to remove it.

How To Escape

Emergency exits are provided with quick release
red handles. Usually the door or hatch will be blown
away by the windstream, if you pull the release and
give the exit panel a light push.

For a crash landing on land or water, don’t dump
lower hatches. Dump the upper hatches, but remem-
ber that they may damage the tail assembly.

Hold practice drills before flight. Be sure you
know your exact duties and the meaning of emer-
gency signals by interphone, call light, or warning
bell.

What To Escape

Any emergency is unexpected and unusual, so
keep your wits about you. Be deliberate, even
though hurried. Consider the situation; make a de-
cision; then act.

RESTRICTED



)

RESTRICTED

REVISED JULY, 1945 NIF 7-2-1

Any crash landing that you can walk away from
is a good one. Many such landings are made, how-
ever, in which little or no damage occurs to airplane
or crew. They are the results of forethought and ad-
herence to a few fundamental principles. The follow-
ing suggestions may help you. Think them over.
Plan in advance for that day when you are con-
fronted with a forced landing.

1. Stay calm. This is the primary rule for any
emergency. Know what you intend to do, then do it.

2. Tell the pilot the direction of the wind so he
can land as nearly upwind as possible, never more
than 90° from the wind.

3. Check the landing gear with your driftmeter
or whatever other means is available. Tell the pilot
what its position is.

4. Clear your guns of all ammunition.

5. Stow your sextant or astrocompass if you have
time. Sextants are hard to get. A little forethought
may keep yours in working order.

6. Throw all equipment overboard that might be
tossed around by the impact of landing.

7. Take your ditching position (See NIF 7-3-1).

Survival after Forced Landings

Your chances of survival after a successful forced
landing in uninhabited territory depend upon the
amount of preparation you have made for this emer-
gency. Learn as much as you can about the area in

REV. No. 3

which you are flying. You must know such things as:

1. Type of terrain, and any prominent landmarks
that can help you orient yourself.

. Kinds of foods you should lock for.
. Attitude of natives.

. Natural dangers.

Health and first-aid precautions.
Approximate location of the enemy.
. Rescue organization and procedure.

Your airplane and its equipment provide you with
plenty of material to improvise shelter, signaling
equipment, cooking utensils, etc.

Study your Survival manual. It gives a complete
story of how to live off the land and make your way
back home.
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Some day you may be forced down at sea. You
won’t have time to ask questions, so prepare now
for such an emergency.

Memorize the ditching and dinghy procedures
your Base Personal Equipment Officer works out.

Inspection

Before taking off on an over-water mission, make
the following checks:

1. Emergency equipment. See that it is complete,
properly stowed, and that it has been inspected.

2. Escape hatches. Make sure that they operate
properly.

3. Life vests. Blow your vest up by mouth and
check the adjustment of waist and leg straps. Inspect
CO, cartridge and see that valves are closed.

Procedure

Besides giving verbal warnings over the inter-
phone, the pilot will use the standard ditching sig-
nals: six short rings, “Prepare for ditching;” one long
ring, “Brace for ditching.”

When you receive the ditching order, calculate the
plane’s position. Estimate your position at the time
of actual ditching. Your position in the water will
differ radically from your position at 10,000 feet,
when the decision to ditch may have been made.
Give this information to the radio operator. Then
destroy secret papers. Give the pilot the direction
and force of the wind so that he can determine his
heading for ditching.

Jettisoning

Lighten the airplane by jettisoning bombs, guns,
ammunition, and anything not essential to the air-
plane’s operation. Throw out any objects lying loose
or likely to be torn loose by the impact. Hold or
firmly secure emergency equipment that you are
going to take with you.

Close bomb-bay doors after jettisoning bombs.
Close all lower hatches and the bulkhead doors.

General Crew Preparations

Take off neckties and open collars. Remove heavy
boots, but keep on flying clothing and helmet for
protection. See NIF 4-3-6 for use of oxygen mask.

Remove parachutes, except when you need the
one-man life raft attached to the harness.

REV. No. 3
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Keep life vests on at all times. Do not inflate them
until out of the airplane.

Ditching Positions

All crew members must follow the standard
ditching positions which AAF ditching posters
recommend for various combat planes.

If there is no poster on your airplane, or you can’t
use the positions recommended, remember the fol-
lowing:

1. The best ditching position is to sit facing the
tail of the plane, knees drawn up, back and head
braced against a solid structure. If your head ex-
tends above the support, clasp your fingers tightly
behind it to hold it from being snapped back. If
there is not enough bulkhead room for all to brace
against, some must sit farther aft than others, backs
braced against the forward men’s shins, feet and
knees drawn up, hands clasped behind heads.

2. The second position is to lie on the floor of the
plane, head to the rear and feet firmly braced against
a solid structure. Bend the knees slightly. The best
position for an injured man is the seated one. If
such a position js not the injured man’s regular one,
have him trade places with someone.

3. Another position, in airplanes equipped with
ditching belts, is to brace against the belts.

4. The pilot will warn you approximately five
seconds before the impact so you can brace for the
shock. Hold your position until the airplane comes
to a stop; casualties occur when men relax immedi-
ately after the initial impact.

Abandoning the Airplane

Do not operate the manual raft release until the
airplane comes to rest. Don’t hold on to this release
before or during ditching; you may pull it inad-
vertently.

Raft accessories kits, emergency radio, extra sig-
naling equipment, navigation kit, extra rations and
water must be removed. Take out the items you
were assigned to take. If some member of the crew
is incapacitated, make sure that you also take out
the equipment he was designated to remove.

Boarding the Life Raft

Launch and board a raft from one of the wing tips
if possible, to avoid damaging it on jagged edges.

Don't jump into the raft; you’ll go right through
the fabric.

Paddle away from the plane and tie the rafts to-
gether if there are more than one. Stay near the
plane; it is easier for rescuers to spot you.
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needed for a power landing, will also be jettisoned.
Bombs and depth charges should be salvoed if the
plane has sufficient altitude. Bombs and depth
charges, if not dumped, must be placed on safe.
All lower hatches and bomb doors must be
securely fastened and landing gear retracted.

You and the Radio Operator

Upon receipt of the ditching order, calculate the
plane’s position, course and speed. Pass this infor-
mation to the radio operator. Then destroy secret
papers,

The radio operator tunes the liaison transmitter
to MFDF and sends SOS, position, and call sign
continuously.

He also turns IFF to distress and remains on inter-
communication, clamping down the key on the
pilot’s order to “Take ditching posts.”

Pilot and Co-pilot

The pilot and co-pilot open the escape hatch
through which they will exit. They make sure that
safety belts and shoulder harness are secured.

The pilot will keep up a running account of the
ditching to keep you informed as to what is taking
place outside the plane.

Crew

The duties of crew members obviously vary with
the model of plane being flown. After performing
such duties each man goes to, or remains at, his
ditching post.

Equipment needed in the life raft is gathered and
carried to the ditching posts by the personnel, and
secured against the impact. Parachute pads, seat
cushions, etc., are used to protect the face, head,
and back against the shock of landing. When this is
done the crew awaits the order to “brace for ditch-
ing.” This order should be given by the pilot five
seconds before the first impact.

Landing Impacts

Regardless of the plane, two impacts will be felt—
the first a mild jolt when the tail drags the water,
the second a severe shock when the nose strikes.
Hold your crash position until the plane comes to
rest.

Do not inflate your life vest inside the plane
unless you are certain that the escape hatch through
which. you will exit is large enough to accommodate
both yourself and the inflated vest.

APRIL, 1944 NIF 7-3-2

The radio operator tunes liaison transmit-
ter to MFDF and sends SOS, position, and
call sign continuously. He also turns IFF to
distress and remains on intercommunication,
clamping down key on pilot’s order to “take
ditching post.” He relays information given
him by you.

All loose equipment is jettisoned. Upper
hatches are released to facilitate exit. Bombs
and depth charges are salvoed if the plane
has sufficient altitude; if not dumped, they
are placed on SAFE,

Emergency equipment should be taken to
the raft. Water is most important, then sig-
nal equipment. Remember to take the Very
pistol, cartridges, signal mirror, emergency
radio and sea marker. These will help in
your rescue.
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Don’t jump into the raft. Beware of
jagged wing surfaces when launching it.

DITCHING THE B-17

Speed in abandoning the B-17 is important, since
the airplane will remain afloat for only a short time.
However, equipment, which will be needed for sur-
vival in the open raft—especially water and signal-
ing equipment—must not be forgotten.

After the plane has been successfully ditched and
the crew abandons it, both rafts are automatically
inflated by the ball turret gunner who pulls the
dinghy release. The tail gunner, seated in the left
raft, is first to exit from the radio compartment
hatch. He secures equipment. You, second to exit,
are shown at the side of the raft after you have
stowed the emergency radio. The radio operator,

shown holding a line attached to the left dinghy, is
fifth to exit from the radio compartment. The right
waist gunner is the third man to leave the plane. He
assists in launching the right dinghy. The flight
engineer, fourth out, is shown sliding off of the
fuselage onto the right wing. The ball turret gunner,
seventh man out, is shown astride the fuselage re-
ceiving emergency equipment from the bombardier,
who is last to leave the radio compartment. The
pilot exits from the left window of the pilot’s com-
partment and takes command of the left dinghy.
The co-pilot leaves from the opposite window and
takes command of the right dinghy.
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Abandoning the Plane

Dinghies should not be released until the plane
has come to rest.

Exit in the order you practiced. However, injured
men will receive first consideration and assistance.
Speed is important, but life raft equipment should
be taken aboard.

If ditching occurs at night bright lamps within the
plane should be turned off. They may be snapped
on after landing to guide nearby rescue parties.

Use care in launching the life raft to prevent
punctures on ragged or sharp parts of the fuselage
or wing surfaces.

If there are two dinghies, they should be tied
together and should remain in the area until the
plane has sunk. The outline of the aircraft will aid
rescue planes.

Some of the equipment needed will be stored in
the raft; the remainder must be hauled aboard and
securely fastened. Check to insure the presence of
all necessary items—ration kits, emergency radio
and signalling equipment, etc. Parachutes will come
in handy as cover from the sun and sails. Protection
against hot tropical sun is important since it causes
bad burns and dehydrates the body.

PiLOT /
CO-PILOT

NAVIGATOR
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Ditching Positions in the B-26

B-26. Co-pilot pushes his seat to rear, allowing you to exit from
nose. Top turret gunner is braced against step leading to cockpit. His
knees are drawn up, elbows close together to form a back support
for tail gunner, All remain in position shown until plane comes to rest.

B-17. You are braced against closed door, knees drawn up, hands
on the back of bombardier's head. Bombardier braced against your
legs, holds head of man in front of him. Radio operator sits well
back in seat, feet braced against radio equipment. Knees of alil per-
sonnel in the supine position are slightly bent. All hold positions
until plane comes to rest.

LEFT W. G.
RIGHT W. G
BALLT.G
TAIL &

BOMBARDIER
"'l

RADID 0P.

Preparing to Ditch the B-17
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DITCHING POSITIONS

TURRET GUNNER R.W.GUNNER TAIL GUNNER

Co-PiLOT o
BOMBARDIER .~
NAVIGATOR FLIGHT ENG. RADIO OP.

BOMBARDIER

co.}ll_—o"" B-24. Ditching belt in the aoft compartment is attached to gun
m ‘___.-"IURRET GUNNER mounts. Men brace against it as shown. Flight engineer, on cockpit
. RADIO OP. step, also should use a ditching belt. Otherwise he should lie on
floor, feet against step, knees bent slightly. Fasten down all loose
equipment. Hold positions until plane stops. If help is near, crew
should use one-man raft parachute and bail out.

A-20. Bombardier should wear one-man dinghy parachute pack
and bail-out of bottom nose hatch if rescue appears possible. Other
crew members take positions shown ‘and maintain them until plane

comes to rest.

B-25. If there is sufficient time and altitude, crew members in the
| J rear should crawl through the bomb bay to ditching positions in
BOMBARDIER P forward part of plane. Otherwise they should remain in the after

compartment. Positions shown should be maintained until plane

comes to rest.
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BEFORE THE FLIGHT

Inspect your parachute. Remember, you may have
to jump with it! Check the date of the last inspection.
The packing interval should not exceed 60 days in
the United States or 30 days in the tropics. Open
the flap; make sure that the ripcord pins are not
bent and that the seal is not broken. A bent pin or
jammed wire may make it impossible to pull the rip-
cord. See that the corners of the pack are neatly
stowed so that none of the silk is visible. See that
the six or eight opening elastics are tight. Inspect
each parachute you draw.

Put your parachute on and be sure the harness
fits properly. The shoulder and chest straps should
be snug without play; the chest buckle should be
twelve inches below the chin. The leg straps should
be snug. In fact, the harness should be comfortably
snug when you are seated and disagreeably tight
when you stand up.
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IN FLIGHT

If you find yourself in serious trouble, prepare
to put your bail-out plan in operation.

Consider These Points:

1. Note your altimeter reading.

2. Check the altitude of the terrain below.

3. Decide on a minimum altitude at which you can
safely bail out. Take into consideration the flight
characteristics of the plane and the kind of trouble
you are having. Notify the pilot.

4. If you are still in trouble when you reach that
minimum altitude—bail out.

5. Remember that in general it is safer to jump
than to attempt a forced landing on hazardous ter-
rain with a fully loaded plane.

6. If you have to bail out, help the pilot pick the
best available spot.

THE BAIL-OUT

Know the emergency exits provided for the air-
plane and understand how and when to use them.
Bail-out posters are supplied for most bombardment
types of aircraft.

Practice making exits while wearing full equip-

APRIL, 1944 NIF 7-4-2

ment when the airplane is on the ground. Drill your-
self in a standard bail-out procedure, including
warning signals and exit signals.

Jumping from Twin-Engine Trainers,
Bombers, and Transports
You will normally use an escape hatch, the bomb
bay, or a door, depending upon circumstances.
Slide yourself to the edge of the opening and go
out head first and straight down.

DRILL IS ESSENTIAL

You Must Know When, Where, and How
to Leave the Airplane.

CLEARING THE AIRPLANE

Probably the most important single act, in any
parachute jump, is opening the parachute only after
you are clear of the plane. Wait until you are well
away from the airplane before you pull the ripcord.
Keep your eyes open. Look around. If you have
enough altitude, wait at least five to ten seconds be-
fore pulling the ripcord.
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PULLING THE RIPCORD

APRIL, 1944 NIF 7-4-3

There is nothing complicated or difficult about
getting your parachute safely open. Just:

1. Straighten your legs and put your feet to-
gether to reduce the opening shock, and to avoid
tangling your harness.

2. Use both hands to grasp the ripcord pocket.

3. Grab the ripcord handle with the right hand,
and yank! Keep your eyes open and look at the rip-
cord as you pull it.

THE DESCENT

About two seconds after you have pulled the
ripcord, you will feel a sharp, strong tug as the
canopy opens and bites the air.

Look up to see that the chute is fully open. If a
suspension line traverses the top, or the lines are
twisted, manipulate the lines to remedy the fault.

Do not worry about oscillations. They will almost
certainly occur on your way down, but are of minor
consequence. Do not attempt to check them or to
slip the parachute, as such maneuvers are useful
only to experts, and are dangerous below 200 feet.

Make a quick estimate of your altitude by looking
first at the ground below and then at the horizon.

You will descend approximately 1000 feet per
minute.

Observe your drift by craning your neck forward
and sighting the ground between your feet, keeping
your feet parallel and using them as a driftmeter.

Face in the direction of your drift.

While you cannot steer your chute, you can turn
your body in any desired direction. The body turn
is the most useful maneuver you can learn because
with it you can make certain that you land facing
in the direction of your drift. It is simple and easy.
Note carefully exactly how it is done.

CTURES. Procﬁce' the body

ss if you get
spged hafns may soun

STUDY THE Pl

: us del s
turn in 6 5 TFl"\'lS description

a1 i ial care
iy Nt 0
5"":‘!;‘: ts:rz\ *:g);:::‘:;::i hand behind my
heg?;' turn left, left hand behind my
head.”
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HOW TO MAKE BODY TURNS

TO TURN YOUR BODY TO THE RIGHT:

Reach up behind your head
with your right hand and grasp
the left risers.

Reach across in front of your
head with your left hand and
grasp the other risers. Your
hands are now crossed, the
right hand behind, and in each
you have two risers.

Pull simultaneously with
both hands; this will cross the
risers above your head and turn
your body to the right. You can
readily turn 45°, 90°, or 180°
by varying the pull.

In the descent, start your body turn high enough up if necessary, to bring you in facing downwind.
to allow you to master it. Once you have made the Continue to hold the risers, whether you have had
turn, you will find that you can control your direc- to twist them to make a body turn or not, and ride
tion of drift perfectly. Hold the turn, or slowly ease right on into the ground this way.
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~ THE LANDING

APRIL, 1944 NIF 7-4-5

NORMAL LANDINGS

Whether you have made a body turn or not, keep your hands
above your head, grasping the risers.

Look at the ground at a 45-degree angle, not straight down.

Set yourself for the landing by placing your feet together
and slightly bending your knees, so that you will land on the
balls of your feet.

Don’t be limp; don’t be rigid.

Relax, and keep your feet firmly together with your knees
slightly bent, and your hands grasping the risers above. Now
hold everything and ride on into the ground, drifting face
forward.

At the moment of impact, fall forward or sideways in a
tumbling roll to take up the shock.

ABNORMAL LANDINGS

If there is a strong wind blowing across the ground when
you land, do two things.

First, make certain that you carry out the procedures de-
scribed above for a normal landing, including the body turn
to face you exactly in your direction of drift.

Second, once you are down, roll over on your abdomen and
haul in hand over hand on the suspension lines nearest the
ground. Keep right on pulling them in until you grab silk.
Then, drag in the skirt of the canopy to spill the air and col-
lapse the chute. If you can’t manage this maneuver on your
face, go over onto your back, but haul in the suspension lines
until you have got the bottom edge of the canopy, then spill
the chute.

Tree landings are usually the easiest of all. If you see that
you are going to come into a tree, drop the risers, cross your
arms in front of your head, and bury your face in the crook
of an elbow. You can see under your folded forearm. Keep
your feet and knees together. If you get hung up high in a
tree, consider first the possibility of immediate rescue before
you try to climb down. Failing that, get out of the harness and
cut the lines and risers to make a rope for climbing down.
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Safe water landings are simple if you know what to do.
The ability to swim is an advantage but not a prerequisite.
Follow the procedure outlined here for all types of parachutes
except the QAC and the single-point quick release, instruc-
tions for which are given below. Begin preparing for the water
landing as soon as the parachute is open.

1. Throw away what you won’t need.

2. Pull yourself well back in the sling by hooking your
thumbs in the webbing and forcing the sling downward along
your thighs.

3. Undo your chest strap by hooking a thumb beneath one
of the vertical lift webs, pushing firmly across your chest to
loosen the cross webbing so that you can undo the snap. This
must be done before you inflate the Mae West, as the chest
strap cannot be released over an inflated life vest.

4, If you are securely seated in the sling, and have time,
free the leg straps by doubling up first one leg and then the
other, unsnapping the fasteners. Keep your arms folded, or
hang onto the risers, so that you will not fall out of the har-
ness. You can remove the leg straps in the water either by
unsnapping them or by working them down over your feet
if you have been unable to free them in the air.

5. As soon as you are in the water, inflate your Mae West,
one half at a time. Either half will support you. Remember,
never inflate your life vest until you have unfastened your
chest strap.

6. Get clear of the parachute promptly, and stay clear.

Carry an accessible, serviceable knife to cut harness and
suspension lines if necessary.

With the QAC (Quick Attachable Chest) pack,
without risers, modify this standard procedure as
follows:

1. Pull yourself well back in the sling and undo
the leg straps.

2. As soon as you are in the water, release one
side of the chest pack from the harness.

3. Then unfasten the chest strap.

4. Inflate the Mae West, one half at a time, but
never until the chest strap is unfastened.

5. Get away from the parachute and shroud
lines and stay away.

With the single point quick release harness,
modify the standard procedure as follows:

1. Before reaching the water, turn the locking
cap 90° to set the release mechanism for immediate
operation,

2. As soon as you are in the water, but not before,
pull the safety clip, and press hard on the cap to
release the lock. The harness will then slide off.

3. Inflate the Mae West, one half at a time, but
never until the harness has been released.

4. Stay clear of the parachute.

See Life Vest, NIF 7-10-1 and Life Rafts, NIF 7-12-1
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NIGHT JUMPS

As soon as you are in the chute, prepare for a
normal landing. Since you cannot see the ground on
a dark night, you want to be ready to make contact
at any moment. Get your feet and knees together,
your legs slightly bent. Hang onto the risers above
your head and wait for contact.

HIGH ALTITUDE JUMPS

A successful jump has been made from above
40,000 feet using oxygen on the way down; and from
as high as 35,000 feet without bail-out oxygen ap-
paratus. Free falls of from 10,000 to 30,000 feet have
been made before the ripcord was pulled, with no
harmful effects whatever. This evidence means that
intelligence and self-control, plus normally-func-
tioning equipment, can get you down safely from
any altitude to which you can fly.

The chief hazards of high-altitude jumping are:

1. Intense cold.

2. Lack of oxygen.

3. Excessive speed.

The last may, of course, be encountered in any
jump, but is particularly likely to accompany emer-
gencies at high altitude. All three of these hazards
are greatly reduced by making a long free fall before
opening the parachute. Also, exposure to gunfire,
falling debris, ete:, is practically eliminated.

A free fall from 40,000 feet takes just over three
minutes. The same descent by parachute takes about
24 minutes. If the parachute is opened at approxi-
mately 5,000 feet above the terrain (when the earth
“begins to look green,” details appear, the horizon
“spreads,” and the ground appears to rush up), the
descent takes about seven minutes.

Remember that in many emergency jumps you
may leave the airplane at a speed likely to exceed
the terminal or maximum velocity of a free fall.
Hence, you should wait to slow down to terminal
velocity before pulling the ripcord to avoid injuring
yourself or damaging the parachute. In from five to
15 seconds, you will reach terminal velocity in any
fall, and will actually slow down all the rest of the
way, from 320 feet per second (218 mph) at 40,000
feet to 160 feet per second (109 mph) at sea level.
With the parachute open, your rate of descent varies
between 40 feet a second at 40,000 and 20 to 24 feet
a second at sea level.

APRIL, 1944 NIFf 7-4-7

If you have bail-out oxygen equipment:

1. Take several deep breaths of oxygen from the
plane’s supply.

2. Turn on your bail-out oxygen supply.

3. Grip your pipestem between your teeth, or
check your mask.

4. Dive clear of the airplane.

5. Wait as long as you safely can before pulling the
ripcord.

If you do not have bail-out oxygeh equipment:

1. Take several deep breaths of oxygen from the
plane’s supply.

2. Hold your breath and dive out.

3. Continue to hold your breath as long as you

. possibly can.

4. If you are above 30,000 feet, try to wait at least
one minute before pulling the ripcord.

Except in extreme emergency, do not
attempt a bail-out without bail-out oxy-

gen equipment above 30,000 feet.

FREE FALL AND OPEN PARACHUTE DESCENT FROM 40,000 FT

L WFT
30 FT.

s FREE FALL

% @ % FREE FALL IF CONTINVED g
@ PARACHUTE DESCENT

———  VELOCITIES SHOWN IN FEET PER SECOND -——

IN THOUSANDS OF FEET
—
=
2

ALTITUDE
| -
8
2]

160 FT.
* 3 MIN. & SEC.
2 FT. 18
4 20 MIN. 33 SEC.ontp

4 8 12 1 20 %

TIME IN MINUTES

The graph compares parachute descent from
40,000 feet, and combined free-fall and parachute
descent with delayed opening of the parachute at
5,000 feet.

REFERENCE: Technical Order 13-5-2.

RESTRICTED



RESTRICTED APRIL, 1944 NIF 7-4-8
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BACK-TYPE PARACHUTES
Type B-7 (AN6512). The chest straps and leg straps
have bayonet type or snap fasteners. Note that para-
chute belt is worn outside harness to hold webbing
snug.

Type B-8. Flexible back pack with bayonet type
fasteners on chest and leg straps. Older type B-8
parachutes have snap fasteners.

Type B-9. Flexible back pack on single point Quick
Release harness. To get out of Quick Release harness
turn the cap clockwise 90°, pull safety clip, and strike

the cap a sharp blow with the hand. TO UNLOCK
______ S Cap is shown in
RRks safetied position.

TO RELEASE

SEAT-TYPE
PARACHUTES

Type S-1, S-2, AN6510,
and AN6511. Harness has
back and seat pad. Chest
and leg straps have snap
or bayonet fasteners.

Type S-5. Same chute as
S-1 with single point
Quick Release harness.
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ATTACHABLE CHEST-TYPE PARACHUTES

Group 1 Assemblies
Type QAC (AN6513-1). Quick attachable chest-type
parachute with square pack. Harness has snap fasten-
ers on chest and leg straps. It has D-rings for attach-
ment of pack.

Type QAC (AN6513-1A). Quick attachable chest-
type parachute with barrel-type pack. Harness has
snap fasteners on chest and leg straps. It has D-rings
for attachment of pack.

Note: On both AN6513-1 and AN6513-1A parachute
assemblies the snaps are on the pack and the D-rings
are on the harness. Either of these packs can be used
with the harness shown.

Group 2 Assemblies
Type A-3. Quick attachable chest-type parachute
with barrel type pack. Harness has bayonet type
fasteners.

Type A-4. Quick attachable chest-type parachute
with barrel-type pack and single point Quick Release
harness.

Note: On the A-3 and A-4 parachute assemblies the
rings are on the pack and the snaps are on the har-
ness. This pack can be used with either of the har-
nesses shown.

(avtion”

Parachutes of Group 1 are not interchange-
able with parachutes of Group 2.

The pilot is responsible for prevention of
mismatching quick attachable chutes in his
airplane.

Before the airplane moves for takeoff, in-
spect all attachable parachutes to see that the

APRIL, 1944 NIF 7-4-9

QAC

AN6513-1 ANG6513-1A

pack fits the harness. Snap each pack to its
harness to make certain it matches.
If you find any pack which does not fit the

-harness, change either pack or harness to get

the correct assembly.

Each group is to be identified by a color.
The same color must be on both pack and
harness.

Red identifies Group 1.
Yellow identifies Group 2.
Be sure all packs and harnesses in your
plane match.

REFERENCE: Technical Order 13-5-39
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PYROTECHNIC PISTOLS

When radio communication is inadvisable or when
radio equipment has failed, brief coded messages
may be sent with pyrotechnic signals. Do not use
pyrotechnic signals to control important operations
unless no other means is available, The various col-
ored signals which are available for use with M2 and
AN-M8 pyrotechnic pistols are assigned different
meanings under a code that will be changed at fre-
quent intervals in each edition of Signal Operation
Instructions. The MI11, red star parachute signal,
however, is always used as a distress signal to be
fired from the ground o» from a life raft.

M2 Pistol

The M2 pyrotechnic pistol has a strong recoil. Use
both hands to fire it if practicable. The signals them.
selves burn with an extremely hot flame; observe
every reasonable precaution while handling or firing
them.

1. Fire signals only from airplane in flight with the
exception of the M11 distress signal.

2. Point the pistol in such a way as to prevent
signals from striking any part of the airplane.

3. If a signal fails to ignite on the first attempt,
try at least twice more. If third or final try fails, keep
the pistol pointed overboard and clear of all parts
of the airplane for at least 30 seconds, then discard
signal.

4. Discard a misfired signal, if possible, without
handling the signal itself. One method is to hold the
pistol over an opening in the airplane and release
the cartridge by pressing on the latch and allowing
the signal to fall clear under the force of gravity.
The force of the air blast prevents holding the pistol
on the outside of most airplanes. Be careful to pre-
vent discarded signal from striking any part of the
airplane.

5. Do not discard misfired signals when flying over
populated areas.

6. Fire the M1l distress signal as nearly straight
up as is practicable.

AN-M8 Pistol

The AN-MS8 pyrotechnic pistol is replacing the M2
pistol. It is fired by inserting and locking the barrel
in a type M-1 mount. This mount is really a little
“door,” fastened rigidly to the airplane, that permits
the pistol barrel to extend through the airplane
outer skin. The mount absorbs the recoil of the
pistol. Observe these precautions in using this pistol:

1. Place cartridge in chamber after pistol is
inserted in mount, and only when immediate use is
anticipated.

2. Since the pistol is cocked at all times when
the breech is closed, never leave a live signal in
the pistol when it is removed from the mount.
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SMOKE GRENADES

Airplanes to be flown over sparsely settled regions
on cross-country, patrol, or ferry missions will be
equipped with either an M8 or an M3 smoke
grenade. In the event of a forced landing, use the
grenade as a marker to aid searching parties in
locating the airplane which otherwise might be
difficult to find.

Airmen observing smoke of the type produced by
M8 or M3 smoke grenades will immediately attempt
to locate the source.

The M8 smoke grenade burns about 315 minutes,
giving off a dense gray smoke, and is intended to be
used primarily in heavily forested regions. It is
easily distinguished from wood fires which give off
a blue-gray or black smoke.

The M3 smoke grenade is designed to be used
in snow-covered regions. It gives off a dense red
smoke for 2 minutes which can be distinguished
against a white snow background for about 4 miles
by a person in an airplane.

Method of Firing M8 Smoke Grenade

1. Grasp the grenade with lever held firmly
against grenade body.

2. Withdraw safety pin, keeping a firm grip
around the grenade and lever.

3. Either throw the grenade with a full swing of
the arm, or place on the ground and release.

4. As the grenade is released from the hand,
the lever drops away, allowing the striker to fire
the primer.

Method of Firing M3 Smoke Grenade

1. Pull the 3 vanes on the side of the grenade
up and away from grénade body.

2. Place grenade in snow so that it is supported
by the vanes in an upright position. .

3. Keep lever held firmly against grenade and
withdraw safety pin.

4. Release lever.

Safety Precautions

To avoid a fire, do not throw or place the grenade
within 5 feet of dry grass or other readily inflam-
mable material.

After the grenade is ignited, stay at least 5 feet
away from the burning grenade, as heavy smoke
develops and there is a tendency to throw off hot
particles of residue.

Keep these smoke grenades dry. If the chemical
contents of a grenade become wet, it will ignite.
Future procurement of these grenades for the Army
Air Forces will be packed in individual waterproof
containers.

All smoke grenades will be shipped and handled
in accordance with Interstate Commerce regulations.
These regulations prohibit the shipment of these
smoke grenades in personal baggage.

REFERENCE: T. O. 01-1-38. dated April 14, 1942
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Need Gasoline and Oil,
Plane is Flyable

OK to Land, Arrow
Shows Landing Direction

APRIL, 1944 NIF 7-7-1

Many of the emergency kits now supplied contain a large signal panel
(roughly 10 ft. by 10 ft.). It is arc fluorescent yellow on one side and
blue on the other. Immediately after you are forced down this panel
should be spread out on the ground flat—yellow side up on dark back-
grounds and blue side up on light backgrounds—the color will help
rescue planes to find you. Once a rescue plane has located you, messages
can be transmitted by folding the panel as indicated in the illustrations
on these pages. If it is windy, hold the folds in place with rocks, sand,
sticks, or improvised stakes if it is necessary. If several messages are
to be transmitted don’t change the folds too quickly—allow enough
time for the rescue plane to read each signal and indicate that they
understand it (generally by dipping the nose of the plane several times).
These same signals can be transmitted with the square yellow-and-blue
sail now a part of the equipment supplied with the large inflatable
rubber life raft.

The emergency signal panel also can be used as a tent since its blue
side is coated with a waterproof compound. Also, the blue side can be
used as an excellent camouflage cover for a life raft if enemy aircraft
are sighted.

Need Tools,
Plane is Flyable

Do Not Attempt Indicate Direction of
Landing Nearest Civilization

RESTRICTED



RESTRICTED APRIL, 1944 NIF 7-7-2

Need First-Aid Need Quinine or Should We Wait
Supplies Atabrine For Rescue Plane?

1
! 1
|

Need Food and Water Need Warm Clothing Have Abandoned Plane,
Walking in This Direction P
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If a rescue plane flies low and circles your location
and you are sure that you have attracted the pilot's
attention, messages can be transmitted by the emer-
gency body signals shown on this page. When
performing the signals stand in the open, make sure

/
am—
that the background as it will be seen from the plane

is not confusing, make the motions deliberately and i E

slowly, and repeat each signal until the pilot indicates OUR RECEIVER USE DROP
that he understands. IS OPERATING MESSAGE

sh

NEED MEDICAL ASSISTANCE—URGENT (Lie prone}

AFFIRMATIVE {Yes) NEGATIVE (No)

HOW PLANE ANSWERS

The pilot of the rescue plane will answer your mes-
sages either by dropping a note or by dipping the

ALL O K CAN PROCEED SHORTLY— o of 'hls plane for the cxffnrmchve (yes) and fish-
DO NOT WAIT WAIT IF PRACTICABLE tailing his plane for the negative (no).

=i

NEED MECHANICAL HELP PICK US UP—
OR PARTS—LONG DELAY PLANE ABANDONED

p 3

i \
Vo
}
DO NOT ATTEMPT LAND HERE (Point in

-
TO LAND HERE Direction of Landing) NEGATIVE {No) FISHTAIL PLANE

AFFIRMATIVE (Yes) DIP NOSE OF PLANE
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REV. No.

carried in the pockets of the vest:

The following items of equipment are

hat (yellow on one side, OD on the
other)

pair polaroid sun goggles

signal mirror, with lanyard
sharpening stone

fishing-sewing kit, in plastic container
collapsible spit and gaff

plastic water canteen {3-pint capacity)
Boy Scout knife

large knife (with S5-inch saw and
blade)

package toilet tissue

yds bandage (with sulfa powder)
waterproof match-box with compass
matches

fire starting tabs

burning glass

signal whistle

oil container

waterproof cover for .45 cal. pistol
.45 cal. shot cartridges

First Aid Kit

Survival manual

vest-kit rations in tin containers
five-minute signal flares

mosquito headnet

collapsible container for boiling water
pair woolen insert gloves

pair leather outer gloves

REVISED APRIL, 1945 NIF 7-9-1

Vest, Emergency Sustenance, Type C-1 was developed
for the use of flyers forced down in isolated regions. It
consists of an adjustable vest-like garment, fitted with
pockets into which the items of the kit are conveniently
stowed. The vest is to be worn under the life preserver vest
and parachute.

PROTECT YOURSELF Before taking off on a flight over
inaccessible or mountainous country, the Arctic, jungle, des-
ert, or ocean, check your vest and be sure it contains all the
necessary equipment. If it does not, check with your Per-
sonal Equipment Officer.
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LIFE

Wear your life vest whenever you fly over water.

When the vest is issued to you, put it on, inflate
it by the mouth tubes. Adjust the straps. With the
vest inflated the waist strap should be tight, the
crotch and back straps snug. After adjusting the
back strap hand tack it to the waist strap. Deflate
the vest by opening the valves at the base of the
mouth tubes. Roll the vest up to deflate completely.
Be sure to close the valves tightly to prevent leak
on automatic inflation. Wear the vest over the cloth-
ing and under the parachute harness. Tuck the vest
under the collar of your flight jacket.

To inflate, pull one cord at a time so that if the
mouth valves have been left open you will discover
the error before you have discharged both CO,
cartridges. One compartment will support you and
will interfere less with swimming.

If the vest leaks, or fails to inflate completely from
the CO, cartridge, fill by blowing into the mouth
tubes. Open the valves while filling the vest by
mouth, then reclose the valves tightly.

Note: cutting off or bending the mouth tubes flush
with the retaining loop will prevent possible injury
to your eye at the time your parachute opens.

Before each flight remove the cap from the in-

REV. No. 2

PRESERVER

REVISED APRIL, 1945 NIF 7-10-1

VEST

flator cylinder and inspect the CO, cartridge. If the
seal at the tip is punctured replace the cartridge.
With the lever which actuates the puncturing pin
in the up position, parallel to the container, insert
the new cartridge, seal end down. Always check
the cap to be sure it is screwed down tightly.

REFERENCES: Technical Order 13-1-3 and Technical Order 13-1-17.

Inserting CO2 inflator. Screw cap down tight.
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Sea Marker Packet
A sea marker packet is cemented to the life vest.
When friendly airplanes approach, release the packet
by pulling down on the tab. The dye will form a
large green area lasting three to four hours. This
will help airplanes to find you.
Caution / MOUTH INFLATOR VALVE

Before takeoff be sure your life vest Keep closed tight
cartridge containers are loaded with
live CO, cartridges, and that the con-
tainex caps are screwed down tightly. . : ":I‘m
(See illustration.)

SEA MARKER PACKET
Pull down tah

Ty
Always make certain that the mouth g,

inflator valves are tightly closed before
pulling the inflating cords.

CO; INFLATOR

Turn in your life vest for inspection

every six months. R B

-

&

WARNING: STAY AWAY FROM YOUR CHUTE IN THE WATER

After parachuting into water you will have a ten- upwind, away from the chute, and stay clear. If
dency to drift downwind into the fallen parachute you have a raft, salvage your parachute for sail,
as soon as you inflate your life vest. To avoid en- cover, and extra lines. If not, get away from the
tanglement with harness and shroud lines, work chute and stay away.
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When an airplane is ditched at sea there is always the possibility that a
smashed wing tank and engine will spread flaming oil and gasoline on the

water. By using the following procedure, however, you can swim to safety
through such a fire, even when you wear a life vest.

1. Jump feet first upwind of your airplane. Cover your eyes, 2. Just before you reach the surface, make a breathing hole
nose and mouth with both hands. Take a deep breath. Hold in the lames. Swing your arms overhead to splash flames
breath until you rise to the surface. away from head, face, and arms.

Swimming Under Water

If the heat is too intense or flames too high, swim underwater
—out of the danger area. To do this:

1. Splash flames away from body.

2. Hold head near water level.
3. Deflate life vest by releasing valves.
4. Take a deep breath but do not inhale fumes.
3. Swim into the wind. Use the breast stroke. Before taking 5. Sink beneath the surface, feet first.
each stroke splash water ahead and to the sides. Keep 6. Swim upwind as far as possible.
mouth and nose close to the water. Duck your head every 7. Splash away the flames as you come to the surface.
third or fourth stroke to keep it cool. If there are several Take a deep breath and submerge again. Repeat pro-
men, swim single file. Let the strongest swimmer splash a cedure until you are beyond the fire.
path so the rest can follow safely in his wake. 8. Re-inflate life vest by mouth.
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Equipment

Learn the use of life raft equipment now. Don’t
wait until you really need it. Ask your Personal
Equipment Officer to demonstrate its use, and make
the most of crew drills.

The parachute is a valuable item of equipment in
a life raft. If possible, take at least one out of your
plane when abandoning it. The parachute will float
for about 5 minutes when packed. Parts of the
canopy can be used for bandages, sunshade, or as a
sea anchor. The shroud lines can be used for fasten-
ing and in rigging the sunshade.

If there are two or more rafts, connect them with
line provided, to keep them from becoming sepa-
rated. Fasten the kit and all loose gear to the raft
with tight but easily untied knots.

Get the emergency radio into operation as soon
as weather permits. Instructions are on the set. Keep
all signaling equipment where you can get at it
quickly. Keep flares, Very pistol, and cartridges as

REV. No. 2
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dry as possible. Use a flare only when a ship or
plane is near. Fire the pistol almost vertically for
maximum height and ahead of the plane so that the
shot will be within the visibility range of the pilot.

Use the tarpaulin, yellow side up for a signal,
blue side up for camouflage from the enemy.

Keep the sea anchor out, It will head you into the
wind or check your drift.

Water and Food

Before any over-water flight, drink all the water
you can. Don’t run the possible risk of starting your
raft expedition thirsty. The pilot is in charge of
water rationing. Uninjured survivors should drink
no water the first day. Each person should then
drink a pint a day until the supply is exhausted. But
don’t give up even then. With care and good luck
you can still survive for several days, even without
water. Be prepared to trap rain water.

To cut down on your water requirements:

Rest as much as possible.
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Expose your body to the breeze as much as possi-
ble, but protect against sunburn.

Shade your body without cutting off the breeze.

Keep clothing wet with sea water during the day,
but not to the point of chilling.

If it rains, collect rainwater in the tarpaulin or
sail after first rinsing off the salt. Then drink your
fill slowly over the course of an hour or more. Store
the remainder in all available containers. Then re-
turn to the ration of a pint a day.

Never drink sea water, urine, or compass fluid.

Don’t eat flesh of fish, turtles, or birds, except in
small quantities, unless you have a good water sup-
ply. If it makes you thirsty don’t eat it at all.

Protection

Protection from the sun is vital in the tropics. By
keeping shaded you will prevent sunburn and cut
your water loss through perspiration. Rig the oars
and tarpaulin as a canopy and stay in the shade.
Your face, neck, arms, and legs are most liable to
sunburn. Wrap exposed parts of the body with a
piece of parachute, bandage, handkerchief, or a strip

LIFE RAFT KIT
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of underwear. Wet yourself, clothing and all, with
sea water, but keep the water out of your mouth.

Continued exposure to sea water in the raft may
result in a condition called immersion foot. When
this occurs the legs and feet become swollen, sore,
and numb, and blisters may form. You can help
prevent immersion foot by keeping your feet as
dry as possible and by moving them to encourage
circulation. If they become swollen, don’t rub them:;
this will only make them worse. Instead, cover them
with the ointment in the First Aid kit and wrap
them loosely with bandage or a strip of parachute.

Cover burns and skin irritations with the ointment
and a light bandage. Don’t prick or squeeze boils;
bandage them instead.

You may go several days without a bowel move-
ment. This is not harmful and is to be expected.
Never take a salt water enema or a laxative. They
increase your water loss.

Establish a watch routine if more than one man is
aboard. Someone should always be on the alert.

Tie all injured persons to the raft, and as many
others as your rope will allow.

Accessories for multiplace life rafts are carried in a kit and include the following items:

Signal kit (Pyrotechnic projector and 6 flares).

Emergency drinking water, 7 cans.

Don’t open before flight or water will spoil.

Save cans for storing rain water.

Sea marker, 3 cans. When you see a plane,
pour a can of marker on the water and stir

it with an oar. Do this quickly.
Life raft rations, 7 cans.
Flashlight, hand energized.
Knife, floating, cemented to raft.
Police whistle, to attract attention.
First aid kit.

Fishing kit. Don’t let hooks puncture raft.

Paulin for use as a sail.

Paulin for signal, shade, camouflage, and

catching rain water.
Sun protective ointment, 4 tubes.

WARNING'

REV. No. 2

Emergency signaling mirror.
Wrist compass.

Religious booklets.

Water containers, 4.
Cellulose sponge.

Aluminum oars, 3.

Hand pump and hose.
Repair kit.

Bailing bucket. Use it also for
urinating; don’t stand in raft.
Repair plugs, 4.

Ocean charts.

Gatty's Raft Book.

Survival booklet.

Twine, 40 feet. Tie loose
equipment to life raft.

Sea anchor.

Be sure life raft is completely deflated before storing it away in the airplane.
Use deflating pump. Air or carbon dioxide left in the life raft expands at altitude.
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Raft lanyard goes

under harness and

clips to life vest
ring.

Pre-Flight

The one-man life raft is stowed in a seat pack
attached to the parachute harness. It is inflated after
the jumper strikes the water.

When you put on parachute and life raft pack, elip
the lead strap from the raft to the ring of the life vest
waist strap under the harness. Otherwise you will
lose the raft pack when you get out of the harness.

Before flight unsnap the pack cover far enough to
expose the CO, cylinder. Test the locking pin.

in the Water

Pull open pack cover. Pull locking pin out of valve
handle and open valve to inflate. Enter raft from
small end by grasping hand straps and pulling.

Aboard the Raft

Keep your life vest on.

Top off inflation by blowing in the rubber mouth
tube. Tighten valve after inflating.

Keep the CO; cylinder on the valve. The valve
might leak if exposed. :

Keep the lead strap from raft clipped to yourself.

Fasten down everything aboard.

The raft contains sea marker, sea anchor, bailing
bucket, bullet-hole plugs, blue and yellow cloth,
first-aid kit, repair kit, paddles, and water. The water
may be replaced by a chemical sea water purification
kit in some rafts.

APRIL, 1944 NIF 7-12-3
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IN FLIGHT

Use all extinguishers applicable and always aim
at the base of the fire.

Keep your parachute away from the fire. Put it
on as soon as possible.

Give the pilot a heading and an ETA for the
nearest landing field. Inform him of any terrain
obstructions in your flight path. If you are losing
altitude, be sure your heading will circumnavigate
these obstructions.

Give the radio operator your exact position, di-
rection in which you are heading, and an ETA for
the field. Be sure that he makes every attempt to
get this message through.

Move to your proper position for bailout only
when a crash seems imminent. At all other times,
keep navigating. As long as the airplane is in the
air you must know your exact location.

Engine Fires

At the first sign of a fire, if conditions permit,
the pilot will take all necessary action to control it
from the cockpit. His actions will depend upon the
type of equipment he has.

In any engine fire your only duty is to stand by
and transmit the necessary information to the pilot
and radio man,

Fuel Tank and Amphibian Hull Fires
1. Give the pilot a heading to the nearest airfield.
2. Give the radio man your position and an ETA
for the field.
3. Locate the source of the fire.
4. Inform the pilot.
5. If fire is accessible, use hand equipment in addi-

tion to the built-in equipment.
6. Continue navigating.

Cabin Fires

1. Give pilot and radio man the necessary infor-
mation,

2. Close windows and all openings.

3. Locate source of fire.

4. Use all extinguishers available. (Open windows
as soon as the flames are extinguished.)

5. Continue navigating.

Flare Fires

If flares in the racks ignite, release the flares at
once. Pry them loose if they stick in the racks.

Other Fires
The pilot will attempt to extinguish wing fires or
drop tank fires by slipping the airplane away from
the fire or dropping the tanks.
Your only duty is to give the pilot and radio man
the proper information and continue to navigate.

In case of fire, don't open emergency
hatches or bomb bay doors in the air,
except for bailout. External fires may be
drawn into the cabin. Drafts will cause

cabin fires to flare up.

Open emergency hatches just before
landing if fire makes a crash landing
necessary, to permit escape or rescue.

ON THE GROUND

Always have a member of the ground or air crew
stand by with adequate, portable fire extinguishing
equipment while the engines are being started.

Starting an engine is a critical fire moment. Back-
firing sometimes ignites excess priming fuel in the
induction system. Fires spread rapidly.

In case of fire while starting engines:

1. Help crew use portable fire fighting equipment.

2. Notify tower to rush crash equipment.

3. See that all crew members clear the airplane.

4. Remove all of your equipment, such as sextant
and astrocompass.
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LEARN THE LOCATION AND PROPER USE OF FIRE EXTINGUISHING EQUIPMENT
INSTALLED IN YOUR AIRPLANE.

“Fyr Fyter”, hand-type fire ex-
tinguishers, having a carbon tetra-
chloride base, are found in most air-
planes. Use this extinguisher prima-
rily for fighting fires in the cockpit
or cabin. It is unsuitable for extin-
guishing fires outside the fuselage
during flight.

Aim at the base of the fire, remem-
bering that your supply is limited and
must be used effectively. The “Fyr
Fyter” extinguisher in your plane
has enough fluid to last for about one
minute of continuous use. Its effec-
tive range is approximately 20 feet.

AIM AT
BASE OF FIRE

Both of these extinguishers are effective in com-
bating fuel, electrical, and wood or fabric fires. CO,
is rapid, clean, and easy to use. However, because
of the small quantity in the cartridge, it might not be
final in action.

Built-in CO, (carbon dioxide) systems are in-
stalled in some types of airplanes, so that engines,
hulls of amphibians, gasoline tank compartments, or
even cargo sections may be flooded with carbon
dioxide gas in case of fire. First, set the extinguisher
selector valve to direct the CO, charge to the de-
sired location. Then pull the release handle. The
operating controls are marked clearly to indicate
their method of use.

Precautions

Stand back, but within effective range, when

RELEASE DROP TANKS BEFORE

Know the location of all extinguishers, their
limitations, and how to use them.

“C0,”, hand-type fire extinguish-
ers, using carbon dioxide, also are
found in large airplanes. Use this
extinguisher for fighting fires inside
the airplane.

The CO, extinguisher has an ef-
fective range of only 3 feet. The
charge will last only 15 to 30 sec-
onds, according to size of the unit.
So aim at the base of the fire and
move in close, on the upwind side.
Then pull the trigger release, direct-
ing the CO, straight at the base of
the fire. Move the discharge nozzle
slowly across the flame area.

AIM BEFORE
PULLING TRIGGER

using the “Fyr Fyter”, carbon tetrachloride ex-
tinguisher. Open windows and ventilators after
fire is extinguished. The fumes generated are poi-
sonous. See a doctor as soon as you land if you have
inhaled excessive amounts of the gas or have swal-
lowed even a small quantity of the liquid.

Don’t touch any portion of the discharge nozzle
of the CO, extinguisher. The extremely cold tem-
perature of the carbon dioxide may cause severe.
burns.

CREW FIRE DISCIPLINE

Be sure that your air and ground crews

are instructed in fire fighting procedures
and methods of fire prevention.

A WHEELS-UP LANDING
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KIT, FIRST-AID, AERONAUTIC

Installed in Military Aircraft
Medical Supply Catalog No. 97765

. In the case of a wound, first stop the flow
of blood. The clothing should be cut away
and a compress or wound dressing applied
after the sulfanilamide powder has been
sprinkled into the wound. If a firmly ap-
plied dressing will not cause the bleeding to
stop, or if there is actual spurting of blood
from an artery, the tourniquet should be ap-
plied. A tourniquet must be released every
twenty minutes and removed as soon as
hemorrhage stops.

. To relieve severe pain open the small card-
board container and follow directions given
there in the use of the hypodermic syrettes
of morphine. Do not hesitate to use the
hypodermic to relieve suffering.

SEAL: Not to be broken ex- [
cept in case of an actual ﬂ =
wound or injury. . In case of head injury have the man lie
quietly with head slightly elevated.

EXTERNAL POCKET: Contains iodine and

adhesive compresses for minor injuries. .
. In the event of marked blood loss with

shock and/or unconsciousness have the
man lie horizontally or lie with the head

CONTENTS

Tourniquet, (1} down, if possible.

ToTphine-Syaet Sl . An adequate supply of oxygen is doubly
Wound dressing, small, (3) important in case of serious injury. Use it
Scissors, (1 pair) generously.

Sulfanilamide crystals, envelope, (1)
Sulfadiazine tablets, (1 box of 12 tablets)

Burn ointment, (1 tube) (Boric or 5% Sulfadiazine) FO e e N e s s aesl <1 CoRlgp 5o

small outer pocket)

Eye dressing set 11. lodine swabs (10) (Contents of small outer

Halazone tablets pocket)

V®NO AWM
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c « Drugs Contained in This Kit are Potent and
N 0 T I [ » Must Be Used Correctly. Follow Directions!

TOURNIQUET: To be used to stop flow of blood but
 use only if blood flow cannot be stopped with a
% wound dressing. Caution: Release tourniquet every

= 15-20 minutes and remove as soon as hemorrhage
RS e is controlled. (See NIF 7-15)

St MORPHINE SYRETTE: To be used to relieve pain and
" should be employed without hesitation to prevent suffer-

\u“°“°‘ ing. Directions for use: Remove transparent hood, grasp

25, - wire loop and push wire in to pierce inner seal, turning

o c if necessary. Pull out and discard wire, thrust needle

o through skin at least half its length and inject solution by

3 G slowly squeezing the syrette from the sealed end. In ex-

{ treme cold, warm syrette by holding under clothing next
to skin.

FIRST. I
T s /n:ﬁ,'g,g'ESSINC /
P " e

- S ——F
I e woe e o SMAL,

’ .\’!

SLE at
ol! Bty 11y, 20K

PUT OTHER SIDE 1 |

i

NEXT TO WoUND | L=

e | WOUND DRESSINGS: Apply dressing with firm pressure
2 AR into the wound and tie securely.

v o .:"_’7"- o == b SCISSORS: Do not hesitate to cut away clothing and
S ?_{\ flying garments from the wound so that the dressing
::."i';d_..f- = ' f——— may be applied without hindrance.

Rt SULFANILAMIDE POWDER: Sprinkle on the wound to
s s CRYATALENE prevent infection.
1 . § Uf ’G 10214y ‘ ;‘\;LF ANILAMIDE
if ey G . 1 repin spptashes”
i # Sl " SULFADIAZINE TABLETS: To be taken internally if
o & - aay PR . samaat wounded. Directions for use: Take two tablets with
X g water every five minutes until all twelve tablets are

taken. Swallow whole without chewing.
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KIT, FIRST-AID, FOR PNEUMATIC
LIFE RAFT

Medical Supply Catalogue No. 97769

This is a part of the life raft kit. (See PIF
No. 8-11.) Contains morphine syrettes,
bandage compresses, sulfanilamide
powder, sulfadiazine tablets and burn
ointment as illustrated in photos Nos.
2, 3,5 6,and 7.

o

W
s 0 e

-

an*

APRIL, 1944 NIF 7-14-3

BURN OINTMENT: To be used on skin surfcce.for all
burns from any cause. Directions: Apply ointment liberally
and without friction to all burned surfaces.

EYE DRESSING SET: Use for burns of the eye. Apply Meta-
phen ophthalmic ointment directly to the eyeball. Then
apply the boric acid ointment to the inner surface of the
eyelid. Cover the eye with a dressing and secure in place
with adhesive strips.

HALAZONE TABLETS: For the disinfection of water.
Directions: Add one tablet to a canteen full or a pint of
water. After tablet dissolves wait 30 minutes before
drinking. |f water is greatly polluted use two tablets.

EXTERNAL KIT POCKET: Contains iodine swabs and ad-
hesive dressings for minor injuries. Do not use iodine in
serious wounds. (Use sulfanilamide powder.)

-
|NE BWASS
WS

il

N

PACKET, FIRST-AID,
PARACHUTE

Medical Supply Catalogue No. 97785

To be attached to the parachute har-
ness or Mae West life vest for con-
stant availability. Should be carried
in Gun Turrets and other cramped
spaces where the larger Kit, First-Aid,
Aeronautic, is not accessible. Con-
tains tourniquet, morphine and
wound dressing as illustrated in
photos Nos. 1, 2, and 3. Packet can
B-inl be opened by tearing either end of
the outer container at the notch.
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Your airplane is a good first-aid station. You have
the Kit, First-Aid, Aeronautic, and the Packet, First-
Aid, Parachute. Oxygen, is frequently available.
Splints, or splint materials, are at hand. Hot drinks
are often carried in thermos jugs. In certain bombers
you will be provided with blood plasma. Familiarize
yourself thoroughly with the first-aid supplies which
you carry, and get clearly in mind just what you can
do with them.

Wounds and Injuries

Wounds and injuries involve one or more of these
problems: pain, cuts, bleeding, broken bones, burns,
frostbite, shock, and unconsciousness. Generally you
will have to deal with combinations of these, such
as cuts which are bleeding, burns that cause pain,
broken bones associated with cuts or burns, and so
on. Shock usually comes on after a good deal of
blood has been lost either inside the body (where
you may not be able to see it), or on the outside.
Shock also accompanies deep or extensive burns.
Unconsciousness may be produced by a head injury,
may follow shock, or may occur as a result of failure
to get enough oxygen.

In giving first-aid, try to size up the general situa-
tion accurately. Then attend to the most serious
problems first. Above all, use common sense.

Cuts and Bleeding

1. Expose wound by cutting nearby clothing with
scissors.

2. Cover cuts with sterile dressings and apply
firm pressure.

3. If this does not stop the bleeding, elevate the
bleeding part.

4. If these measures fail to stop bleeding in arms
or legs, apply a tourniquet in the middle of the upper
arm or middle of the thigh. The tourniquet must be
released every 15 minutes for at least a few seconds,
depending upon the amount of bleeding.

Tourniquet (Warning)

A tourniquet must be removed, or
temporarily released, every 15 minutes.
Failure to release the’ tourniquet’often

enough or long enough to provide an
adequate circulation to the blocked
portion of the arm or leg may necessi-
tate amputation later.
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Pain

Use morphine at once for severe pain. This makes
it possible for the patient to lie quietly, preventing
aggravation of the injuries. Do not use more than
one tube (% grain) of morphine at any one time.

When giving morphine, mark down the time and
dose on the patient’s forehead or clothing with a
pencil. Remember that an excess of morphine can
be fatal. Do not give morphine to a person who is
unconscious, who has a head injury, or who is
breathing less than 12 times per minute.

To Give Morphine

1. Paint any small area of skin with iodine.

2. Remove the transparent cover from the mor-
phine syrette.

3. Push in the wire loop to puncture the inner
seal; then pull the wire out.

4. Thrust the needle through the skin, using care
10t to press morphine out of the tube while doing so.

5. Squeeze the tube slowly to inject the morphine.

Give Morphine:

. 'To stop pain.
. To decrease shock.
. To facilitate moving the patient.

Don’t Give Morphine:
. To an unconscious person.
. To a person with a head injury.
3. To a person  who is breathing less
than 12 times per minute.

APRIL, 1944 NIF 7-15-2

Shock

You can tell when a patient is in shock by the
total picture he presents rather than by any single
sign. Usually he will have:

1. Lost considerable blood, or

2. Suffered severe burns, or

3. Been subjected to intense pain, or

4. Received a head injury.

His skin is pale, cold, clammy, or moist.

His breathing is shallow, and may be irregular.

His pulse is weak, rapid, thready, and often diffi-
cult to find.

Sometimes there is nausea and vomiting.

Treat shock by doing the following things as
promptly as possible:

1. Stop any obvious bleeding.

2. Give pure oxygen to breathe. (Automix
“OFF.”)

3. Give morphine. (Exception: Head injury.)

'4. Keep the patient warm with blankets, extra
clothing, or a sleeping bag, but avoid excessive heat.

5. Loosen any tight clothing.

6. Place the patient with his head slightly lower
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than his feet, to promote better circulation to the
brain.

7. Inject plasma, when it is available, in accord-
ance with the directions on the plasma package.

Fractures

1. If a broken bone is associated with a cut,
sprinkle with sulfa powder and cover with a sterile
dressing. If the dressing is firmly bound in place it
will almost always stop the bleeding.

2. Give morphine.

3. Apply a temporary splint to the part, using
wood, strips of metal, heavy cardboard, or any con-
venient pieces of equipment such as a machine-gun
barrel or fire ax.

4. Do not attempt to set the bone. Manipulation
causes shock.

Burns

For minor burns:

Squeeze burn ointment onto a sterile dressing.
Then cover the burn gently with the dressing.

For severe burns:

1. Give morphine.

2. Treat shock. (Oxygen; plasma, if available.)

3. Apply burn ocintment on sterile dressings, and
bind the dressings gently but firmly in place.

4. Never open blisters resulting from burns.

For eye burns

Apply Metaphen ophthalmic ointment directly to
the eyeball. Then apply the boric acid ointment to
the inner surface of the eyelid. Cover the eye with
a dressing and secure in place with adhesive strips,
provided the skin around the eye is not burned. Do
not touch the eye with your fingers, and do not rub
it—either before or after the ointment has been ap-
plied.

Transportation of Wounded

If it becomes necessary to move an injured crew
member improvise a litter with 2 poles and a pair of
flying jackets. Turn the sleeves inside out and insert
the poles through them. Then close the jacket over
the outside of the poles. Additional support can be
obtained by using boards or cardboard splints inside
the jackets. Litters can also be improvised with
poles and blankets. Take great care to be as gentle
as possible in moving an injured person onto a litter.
Keep his body as flat as possible at all times. Have
3 or more persons move and support him by placing

their arms under his legs, buttocks, back, shoulders,
and head.

APRIL, 1944 NIF 7-15-3
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Unconsciousness and Near-Unconsciousness

Oxygen lack, carbon monoxide poisoning, and
head injury are important causes. Immediate treat-
ment is vital, especially if breathing has stopped.

1. Give artificial respiration:

First, lay the patient face down with one arm bent
at the elbow, his face resting on his hand, and his
other arm extended beyond his head.

Second, open his mouth and remove all foreign
substances such as false teeth and chewing gum. If
his tongue has fallen back into his mouth, grasp it
with your fingers and pull it well forward.

Third, give him pure oxygen. (Automix “OFF.”)
If the patient has stopped breathing, turn on the
emergency flow.

Fourth, kneel astride the patient’s thighs with
your knees about even with his. Place the palms of
your hands against the small of the patient’s back,
with your little finger over the lowest rib.

Fifth, with your arms stiff, swing your body for-
ward slowly so that your weight is applied over the
patient’s back. This should take about 3 seconds.

Sixth, release your hands with a sudden snap and
swing backward to remove all pressure from the
patient. After about 2 seconds repeat the cycle.

Continue giving artificial respiration without stop-
ping for 2 hours or longer, unless the person to
whom it is being given begins to breathe normally.

2. Keep the patient warm.

3. Do not give morphine.

Frostbite

1. Fingers, toes, ears, cheeks, chin, and nose are
the parts most frequently affected.

2. Numbness, stiffness, and whitish discoloration
are the first symptoms.

3. Wrinkle your face to find out if it is numb;
watch for blanched faces of your crew mates.

4. If frostbite occurs, warm the affected part
gradually. Never rub or attempt to thaw it rapidly.

5. If blisters develop, do not open them. (See
HEAT AND COLD, NIF 4-6-3.)

Failure of Oxygen Supply

If a crew member’s oxygen supply fails above
10,000 feet, make every effort to replace his equip-
ment or give him an emergency supply. If this is not
practicable, descend to 10,000 feet as fast as safe
operation permits. Loss of oxygen above 20,000 feet
is critical, but there is no need for panic. Get oxygen,
or get down.

Wound Disinfectants

1. Sprinkle Sulfa powder in open
wounds.

2. Use iodine only for small cuts and
scratches, which should not be covered
by a dressing.

3. Never put iodine on or into large
or deep wounds.
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