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good Pictures through, an {

MEASUREg THAT yo -
185
on Rontgen’s ; W Musey

STREET, Keamy) N. J

S€.-amateurs; "] ¢

promise good hunting in the 10-8-centimeter region — and for

a total investment of Jess than $20.”
As a lure Simons offers the collection of radiographs repro-
duced in Figures 225, 226, 227 and 228. He takes special pride
in the one which shows screws embedded in an inch-thick block
of wood. This shot resulted from his first experiment .with
X-rays and illustrates what can happen when a fellow with a
sharp eye follows a happy hunch. :
During a rainy weekend back in 1933 Simons was fiddling
i i il. This almost-forgotten gadget, a close rela-
with an Oudin coil. T ost-forg Fo
tive of the Tesla coil, can step up low voltages 1, pieced
more. High voltage generated in this way has. & aharmleSS~ L
for the amateur experimenter in that it is relatively e
Ui Gl ing 1 the voltage the Oudin coil also
In the course of stepping up the ,
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225
Simons’s radiograph of two screws

imbedded in inch-thick block of

wood

926
Radiograph of the plug from an

' electric flatiron -

227
Bones of fish revealed by homemade

X-ray machine

228
Effectiveness of Simons’s lX-lray machfine
in etrating the stee eaves of a
i pen, rangging from .002 to 010 of

an
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creases the frequency of the cur
through the skin and away from

“My original Oudin coil,” Simong recalls, «
ultraviolet lamp with which I testeq Minera] g
escence. For no particular reason I dec
ated quartz bulb, which produced th
old radio tube of the 01 type. The glass envelope of thieg
is coated inside with a silvery film of Cvaporated g z'
the so-called ‘getter’ which helps clear the b o op.., &
during the evacuation process and absorbs any that,m:y gss
liberated by the glass walls or metal parts after the sea]-oﬁ_i
simply held the 01 in my hand and touched its prongs to
high-voltage terminal of the coijl.

“Instead of filling with a lavender
the inside of the tube remained dar
with the magnesium lighted
that reminded me of the
of the gas type. Was the

rfznt, S0 that ¢ ten
vital organg Such g4 tsht
e
€
45 part of -
i Pecimep,
ided to replace the o

e ultraviolet rayg Yy
a

f()r

glow, like the quartz hy]},
k but the glass in contac;
with a pale greenish fluorescence
glow emitted by old style X-ray tubes
radio tube producing X-rays?

to this question I put a narrow band
of the tube and grounded it—as 3
previously represented by my hand.

of tinfoil around the top
substitute for the electrode
I then fished a small block

»

trical supplies,

502

{ e to light 27
| T ecample, long
i dio, pass fre
finces that do
tthis were no
®d outdoor @




AN INEXPENSIVE X-RAY MACHINE

e earned 2 bad reputation as playthings.
0ve" " on be drawn between the danger of exposure
(z:ered x.ray machine and the fallout of an H-bomb.
B ger that extends mot only to the experimenter but

man evolution is the result of mu-

: pOtential progeny- Hu
to'h’s il by, among other agents, cosmic rays and the
atio?® ™ ¢ radioactive elements in the earth’s crust. Any ra-

. HONS
’?dlénoadde d by man alters the rate of mutation, and is rightly

d,anon
2 callSC

Gimons
against ex
these TWO
of experiments e
addition to provi
erator of X-rays in

1ays hav

of deep concern. -
has solved the problem of equipment cost. Protection

e to the rays is not difficult to arrange. With
derations out of the way, X-rays open a range
qualed by few other phenomena of physics. In

posur
consi

combination with accessories enables you to
- neasure the charge of the electron, to study the structure of
aystals, to observe the wave-particle duality of matter and
radiation, and to probe other microcosmic corners.

‘ Like visible light, X-rays are a form of radiant energy. Their
. ‘abllity to penetrate substances opaque to visible light, however
is neither unique nor particularly unusual. Many substances,
opaque to light are transparent to other electromagnetic waves.

For example, long electrical waves, as well as the shorter ones

of radio, pass freely through dry wood, plaster and other sub-
stances that do not conduct electricity and are opaque to light.
sion receivers would

If this were not so, all radio and televi

need outdoor antennas.
'011 the other hand, a thick sheet of flint glass, which trans-
mits radio waves and light with no appreciable loss, stops X-rays.
like flesh and bone

The ability of X-rays to penetrate substances
ublicized property However, this prop-

is merely their most P
o case of the immediate application of

erty provides a striking
Within weeks of the description of X-rays
; .‘ surgeons heralded them

‘.,by extremely short wavelength
length of visible light waves.
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ding a source of X-rays for radiographs, a gen-:




— o %= Y il b
\ ///
OPTICS, HEATEANG ELECTRONICcs 9‘1(‘ :
Like light wayes X-rays - oﬂd{{, i ol
and polari , can be r et in
dlfferpfro::]Zi(}ilosThe techniques 1, eﬂ}icct}?d’ efractq d geftz at tbfee d
€ § s >
differ from those oin;gg)yed Wit lig & juStth are ma:l_ﬂraeted mibfzof“? ;65 aftft\
able from ultraviolet ra 10. The longest X~raya lighy tecl}?u_lated oy ca‘ﬂtave]@ﬂb {
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AN INEXPENSIVE X-RAY MACHINE

second, and streams of electrons forced into the cavi-
ate at this rate. The resulting electromagnetic waves
ies V' ome three inches from crest to crest,
casure vities are made progressively smaller, the pitch
pe wavelength goes down in obedience to the? sl
an : ; principle
uPt the smaller the whistle, the shriller its note, Where, then
tha 2 “wl istle” be found that will accelerate charges rapidl}:
gfnabr‘lptly enOugh. to create electromagnetic waves a mere 25
pousandths of an inch long — the wavelength of visible light?
Nature provides such systems in the form of molecules and atoms.

The normal, stable atom emits no radiation unless it is acted
ypon by an external source of energy. If a fast-moving electron
encounters an atom in its normal state, the interloper may col-
lide with one of the planetary electrons in the outer orbital
shell of the atom. The impact may cause the electron in the
atom to jump to an orbit still more remote from the center of
the atom. A sufficiently energetic electromagnetic wave imping-
ing on the atom can accomplish the same end, the requirement
being that the frequency of the wave coincide with the period
of the outer electron’s orbital motion.

In either case the atom gains energy from the encounter and
thus becomes unstable. The normal state is soon restored when
the electron hops back into its “home” orbit. This represents
the shifting of a center of charge, and the excess energy is
radiated into space by the accompanying electromagnetic wave.
The abruptness of the jump, and hence the length of the wave,
depends upon the attraction of the positive nucleus fer the Plalll)‘ft'
tary electron. When weakly bound electrons occupylngthan forthle
remote from the nucleus make such jumps, the length Oof an
radiated wave measures on the order of 25 thousandths

inch — the wavelength of light.
ts for th

i n

This same mechanism accou :
Wh free electron, accelerated to a velocit :

xig i d. collides with an electron occupying

13,000° milos P g m, both the interloper and the inner-

ato ; iq-
an inner shell ofy the om into SPACE; as shown in the uppelr (th;l
alanay carom T 2 d is immediately

S g ov thus created 1S
The vacancy iy

e origin of one kind of
y of some

——e——
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onf‘l e anth
T 299 #9°  enert
hv  Classical representation of X-ray o, p,y Iy Jectre
X-ray gin in excited atom i the 4 )
4 celerat€
1 0
filled by an electron from a shell more remote from the nucleyg sof o strear®
The attraction of the nucleus for this electron js much greater apq whe:d of mass’
the jump accordingly more violent The resulting waye measures s X-rays 1il
on the order of 250 millionths of an inch — an X-ray. 1) & o
: : daracteristic
This initjal Jump does not end the display. A vacancy has Sy {
been created in the adjacent orbit by the electron that moved (2) Xer y, le
inward. Hence 2 series of Jumps follow ag electrons from orbits | fhe ultravio A
still more remote from the nucleus move in to fill the succession It was thi
of gaps [see lower diagram, Fig. 229]. In the end the atom must the bombarc
capture a new electron to complete its outermost orbit. In the tube, that le
meantime the atom hag emitted a series of waves at pro- fworescence
gressively lower frequencies, beginning with X-rays and extend- fergized t
ing through ultraviolet radiation anqd visible light to heat { Some nearh
The pattern of forces acting between the nucleus and orbital | to glow ‘
electrons responsible for the radiation js unique for each kind Pa -
of atom Mea§ure the radiation emitted at egch frequency and Y o i He
you have ap identifying tag for the atom This is the basis of nObseer(
:E:Etrzjfff y tThe fundamental particles of the atom move in : The Cr
S 1t s ad rates. fixed by fhess same forces, I, effect the 4 Partig))
g uned,” much a5 5 group of radjo receiving getg might fnd and |
€ pretuned for 5 group of broadcastmg stations te'lha '
Atoms low on the periodic table such as carbon, hydrogen { Dog; .‘ ok
506 ltive \
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AN INEXPENSIVE X-RAY MACHINE

] and nitrogen — the stuff of living matter —are far out
L orygen ith X-1ays of extremely high frequency. When such

ﬂ‘

ht through' ;
ig ¢ the highest frequency, those used for making most

0
raji :;3: hs and for the treatme.nt of disease, are liberated when
e bombarding electron crashes into the massive nucleus of a target
stom. The precise nature of such encounters is not fully under-
«ood, but it appears that when the bombarding electron collides
with the nucleus head-on, and is stopped dead in its track, the
onrushing field may consume the entire mass of the arrested
- particle and, in effect, transform the electron into an X-ray of

very high energy and frequency.

Other electrons strike the nucleus glancing blows, and are
thus decelerated. The deceleration is accompanied by the emis-
sion of an X-ray of proportionate wavelength and energy. Hence
when a stream of bombarding electrons plays on a target com-
posed of massive atoms, the emission of radiant energy includes:
(1) X-rays liberated by the acceleration of planetary electrons,
characteristic of the kind of atoms comprising the target, and
(2) X-rays that span a continuous band of frequencies from
the ultraviolet range to those of almost infinitesimal wavelength.

It was this continuous or “white” X-radiation, arising from
the bombardment of silicon nuclei in the glass of a Crookes
tube, that led Rontgen to his discovery. While studying the green
fluorescence that appears at one stage in the evacuation of the
energized tube, Rontgen observed a bright fluorescence among
some nearby crystals of platinocyanide. The crystals continued
to glow even after he covered the energized tube with black
paper. He concluded that the tube was emitting a previously

- radiation.
of a pear-shaped glass bulb that

with a cathode at the small
en a direct-current po-
across the electrodes,
eld, bombard the cath-
‘Most of these are
507

0




e

OPTICS, HEAT AND ELECTRONICcs

attracted to the anode, byt Some OVershoot

electrons continue to the end of thety), t ark, 7 e

with the glass target, e co:]i]t.ter
Soon after Rontgen’s discovery, the Mechanigy, .

production was explained by eXperimenty] thy tiWhi-te X,

paved the way for Mprovements in the tube, B sg}?tl M that

cathode in the form of a paraboloid, o, example hapmg the

stream could be focused T

(>
sharply on the metalljc target
posed of atoms more massive than silicon, x om

: “rays liberated
the spot were more energetic and cast gh,

TPer shadoy, th e
those from the broad expanse of glags.

an

ing voltage. ‘
The limitation was removed in 1913 when W D. Coolidge

the class with large X-ray tubes
> it performg Impressively well,

 shipped his first machine to George
L. Clark at the University of Hlinois who, after testing it, re-

ported to the journal Radiology;‘ Imons’s apparatus proves that
X-rays can be pProduced for PUrposes by a ynpjt

which can pe built f, of the cost of ap

”
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standard commercial equipment. The machine,
will produce a beam of X-rays easily de-
ghen i gigtance of several feet in all directions. With 1
 pecte erasul'ements we determined the intensity of the rays to
: metelr):e tourths of a Rontgen unit per minute at a distance
B ¢ i
'" :f three £€€% 4 copious radiation d with th

The © xplanatlon ot this coplo.us. 1 5 con.lpare VV'It that
fa Crookes tube, appears to lie in the magn.em.um coating.

he old 01 and tubes of similar construction

; Unfortunately t
hort supply because magnesium is no longer

are currently in S
favored as @ material to remove gases, except in certain types

.~ of mercury-vapor rectifying tubes which are unsuitable for X-ray
 production. For this reason (plus the fact that he is an invet-
e experimenter) Simons now designs his own tubes and has
' them manufactured by a local glass blower. They cost about
- §15 each. He rarely makes two alike, for the same reason that
~ amateur telescope makers seldom build two identical instruments.
" Each design is a new and exciting experience.

One of Simons’s latest designs is illustrated in Figure 230.
This tube is equipped with a disk-shape
num and a magnesium target. It is evacuate

: ; 0
tion :
; instaua. 0 eration;

d cathode of molybde-
d to a barometric

mngncsigm
‘getter

509




v
OPTICS, HEAT AND ELECTRONICS
5 torn 54,
i il : g 0 turnp 1
L ‘?l vibrator Primary Seconday a’",’“lno'n
5 fo,' ah

. (Z[_ 7
no\volt 1 MFD 10 ohm
60 cyclcs capacitor rheostat

35 watts

231

Circuit diagram of Simons’s X-ray apparatus

pressure of .0001 millimeters of mer
of the tube is about seven inches. It
greater than that of the 0] tube, S , with
the exception of the one showing the screws in a block of wood,
were made with it. Such tubes can be made with a wide variety
of target materials and cathode shapes.

Almost any source of hj
X-ray tubes, including Vv
of the type described in
with Oudin coil, It is easi
job is simplified if you can
used in the spark coil of a
Hayward’s diagram, Figure
vibrator consists of

cury. The over.g))
S emission ijg Substa
imons’s radiographs

length
ntially

lay hands on a vibrator of the type
Model-T Ford. As shown by Roger
231, and the general view

of No. 32 enam-
clear Plastic. Each

end
se«
so!
pr

239,
The sows
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| . carefully insulated with a layer of var-
‘ e of a‘:gbric that extends well beyond the e.nd of the coil. |
s c " inding is completed, the secondary coil must be thor- ity

Y o the 3 with high-grade insulating varnish. Both ends of i
d;)g3 insulated with a tube of varnished cambric. i

ply is then slipped inside the plastic form on which i
iy wes wound. The outside end of the secondary is i
the P¥ through a small hole in the form and soldered to il

primary winding. The inner end of the secondary il

re must be

o assem

3800 torns of ¥24
led magnet wire binding post connected
to coil end

coil -
enamée!

biﬂding pgst
connected to
armature spring

18 ga. compres-
sion spring

%e contacts
silvey soldered
to armature
spring and
end of screw

Y x /2" soft ivon
armature soldeved
to copper plated
32 gauge steel
SP!‘il‘lg 2 x 2"

coil housing

1% " o0.p. thermoplastic

tubing 4" long

Yo wall soft magnet ivon
wire cove 2°x Ak

primary - 5 turns
§ Y4 copper tubin
2 H e g

plastic case

%" plastic tube
to support high
voltage terminal

end of
secondavry
soldered to
primary

end of secondavry
soldered to chrome
plated chair glide

secondar coil — 5000
turns a‘fy"bz enameled

magnet wire wound on
vz clear plastic vod
L]

oltage for Simons’s X-ray machine
| 511
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aluminum mixing bow! and
pail for radio shield

€
rak
and case rheostat knob Akl tbat Ild t.‘
\ o g 4 -a elite tub ves dio a robl
= = ‘ﬂ' 2 p \
¥ oo ply *
" ole ug {
10 ra
0" by
af@ ear desC
2 0

o9 d 2 oiﬂ
semblet the ph fi
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Kick coil
assembly
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ar
X-ray machine built by Harry Simons of Kearny, N. J. the apP

the patter® ©
installed acco?

is threaded through a four-inch length of %-inch plastic tubing examinations
and soldered to the inner face of a chromium-plated chair glide, A frozen fish
-voltage termina). The ends of the pri-
K-inch plastic and se.
%-inch hole in the
for the high-voltage

1 the coj] vy 000
continuoys]y, The B SprOduce some 50,

and 60 cycles js 35 it Umption at 110 volts
As shown ip Figure 933 all thj

: ’ is

- a well-groundeq metal Containey. a'?paratus i b housed

en.closed in an jnper COmpartment of le : g L) tube mu/s t 2
thick. An OPening in the epqg of the doup o 28 least Keinch
the tube Provides a windoy, fo

r the X-rays, ° Aousings Opposite
512

-
, | T Aa—"
——



AN INEXPENSIVE X-RAY MACHINE

WARNING! You must take these precautions

First, OUDIN COILS are notorious emitters of radio
aves that take the form of ragged noise. They can black
out radio and television reception for miles around. Federal
regulations prohibit the operation of such devices unless they
are thoroughly shielded. If any stray radiation can be detected
on a nearby radio or TV receiver after the apparatus is as-
sembled as described, it will be necessary to insert a low-pass
flter at the point where the power cord enters the housing. The
design of such filters is available in standard radio reference texts.

Whenever the machine is in operation, the experimenter must
wear a lead apron and stand well behind the orifice through
which the rays are emitted. Never turn your back to the machine
so that you are between it and the apron! It is also advisable
to place a few exploratory samples of film around the room while
the apparatus is in operation. When developed, these will show
the pattern of radiation and protective lead shielding can be
installed accordingly. Finally, resist the temptation to make X-ray
examinations of the bones in your hands or other body parts.

A frozen fish makes a much safer test object.




