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PLATE 17
Sun G2V,  Highly Resolved Fraunhofer Lines SQUES Echelle Spectrograph

K H

C
a II 3

9
3

3
.6

6
3

 

C
a II 3

9
6

8
.4

6
9

 

0.2

B
lend Fe I/Fe II 

B
lend Fe I

B
lend Fe I

Fe I 3
9

2
2

.9
1

1
 

B
lend Fe I

A
l I  3

9
4

4
.0

0
6

 

B
lend  Fe I

B
lend  Fe I

A
l I  3

9
6

1
.5

2
0

B
lend Fe I /Ti I

b1b2

b3

b4

M
g I  5

1
7

2
.6

8

M
g I  5

1
6

7
.3

2

B
lend Fe I/Fe II

M
g I  5

1
8

3
.6

0

Fe I 5
1

6
2

.2
7

3
  

Magnesium Triplet

G f
H
γ

4
3

4
0

.4
6

2
 

Fe I 4
3

2
5

.7
6

0
 

C
H

Fe I 4
3

0
7

.9
0

0
 

Fe I 4
3

1
5

.0
8

4
 

C
a I 4

3
1

8
.6

5
2

  

C
H

C
H

D1D2 N
a l 5

8
9

5
.9

2
4

N
a l 5

8
8

9
.9

5
1

N
iI 5

8
9

2
.8

6
8

 

B
lend  H

2 O
/ Fe I

B
lend  H

2 O
/ Fe I

H
2 O

 5
8

8
7

.2
0

2
 

H
2 O

 5
8

8
7

.6
4

1
 

Fe I  5
8

8
3

.8
1

3
 

H
2 O

H
2 O

 5
8

9
4

.3
8

3
 

H
2 O

 B
lend

H
2 O

 5
8

9
2

.3
7

5

H
2 O

 5
8

8
5

.9
5

7
 

H
2 O

 5
8

8
8

.7
0

1
 

H
2 O

 5
8

9
6

.8
1

4
 

B
lend  H

2 O
/ V I

F E

Fe I 5
2

6
9

.5
3

7
 

Fe I  5
2

7
0

.3
5

6
 

B
lend Fe I 

Fe I 5
2

6
6

.5
5

5
  

H
β

4
8

6
1

.3
2

3
  

Fe I 4
8

5
9

.7
4

1
   

B
lend Fe I/N

iI/Ti I/Y I

N
iI 4

8
6

6
.2

6
2

   

Sodium Doublet

Telluric Absorption

 COMPLETE SPECTROSCOPY  

For AMATEUR ASTRONOMERS 

 © 2017 WALKER & TRYPSTEEN 



H
γ

4
3

4
0

.4
7

H
δ

4
1

0
1

.7
4

H
ε

3
9

7
0

.0
7

H
e
 I 4

0
2

6

Rigel β Ori  B8 Iae

Regulus α Leo B8  IVn

C
a
 ll

3
9

3
3

.6
6

H
e
 I 4

0
0

9
.2

7

H
e
 I 4

1
2

0
.8

1

H
e
 I 4

1
4

3
.7

6
S

i l 4
1

3
0

.8
9

S
i l 4

1
2

8
.0

7

H
e
 I 4

3
8

7
.9

3

H
e
 I 4

4
7

1
.4

8
M

g
 ll

4
4

8
1

.3
3

H
e
 I 4

7
1

3
.1

5

C
 ll

4
2

6
7

.2
7

F
e
 ll

4
3

0
3

.1
7

 V

F
e
 ll

4
3

5
1

.8
 

F
e
 ll

4
5

8
3

.9
9

F
e
 ll

4
5

4
9

F
e
 ll

4
1

7
2

.4
5

F
e
 ll

4
2

3
3

/3
4

F
e
 ll

4
1

7
9

P
L
A
T
E

 7

$

Effect of the Luminosity on Spectra of the B-class

F
e
 ll

4
6

2
9

.3
4

F
e
 ll

4
5

2
2

.6
3

T
i ll

4
0

5
4

F
e
 l 4

0
4

6

φ Sgr B8 lll

Rigel

Regulus

φ Sgr

Instructive  way of pre-

senting effects such as: 

 
- Negative Luminosity 

Effect 

- Rotational 

Broadening  

- Collisional / Pressure 
broadening 

 COMPLETE SPECTROSCOPY  

For AMATEUR ASTRONOMERS 

 © 2017 WALKER & TRYPSTEEN 



WILSON –BAPPAU EFFECT 

HK

α Boo

Sun

Detailed 

visualisation of 

specific effects 

observed in 

recorded 

higher 

resolution 

spectra  

 COMPLETE SPECTROSCOPY  

For AMATEUR ASTRONOMERS 

 © 2017 WALKER & TRYPSTEEN 



PLATE 45

Si II 6347.11

Si II 6371.37

Fe II 5018.44 Si II 5041.02

Fe II   5961.71

~31 kG

Ti II  4805.09

~30 kG

Fe II 4923.93

~28 kG

Fe II  4656.98

~33 kG

Cr II  4558.78

~34 kG

~44 kG

Vega            A0V

HD215441  B9p Si

Babcock‘s Star HD 215441    Mean Magnetic Field Modulus

SQUES Echelle Spectrograph

slit width 70μm,  JD2456984.4

Estimation of the flux density B of the 

mean magnetic field modulus from 

the Zeeman splittings of HD 215441:

Ion Landé B
Factor

Fe II λ5962 1.2 31 kG

Fe II λ5018 1.9 30 kG 

Fe II λ4924 1.7 28 kG 

Ti II  λ4805 1.2 44 kG 

Fe II λ4657 1.7 33 kG 

Cr II λ4559 1.2 34 kG 

Measured  mean value:        ~33 kG

H. Babcock, 1960:                ~34 kG 
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Hδ 4748
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Hγ5023

Quasar 3C273,  Redshift of the Hydrogen Balmer Lines

Wavelengths, determined with Vspec at Gaussian fits, are indicated as red shifted 

I

0.6

1.0

Red shifted, calibrated original scale

P
L
A
T
E

 5
9

λ0

λ0

λ0

 COMPLETE SPECTROSCOPY  

For AMATEUR ASTRONOMERS 

 © 2017 WALKER & TRYPSTEEN 



P
LATE 6

9
Saturn Nebula  NGC 7009
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Dispersion By Refraction By Diffraction 

Bending Blue side > Red side Red side > Blue side 

Causing 

Mechanism 

Push/Pull on electrons  

Absorption/Re-emission 

λ versus slit opening 

Dimension difference 

Examples 

Rainbow,  

Prism spectrographs 

Transmission-/Reflective 

grating spectrographs 

Clear 

overviews by 

tables for a 

quick insight 

and 

memorization   
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ALL-IN-ONE 

ILLUSTRATIONS 

RESULTING IN: 

- Better insight 

- Direct comparison 

- Instant overview of        

   different possibilities 
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At the starting position the sum of both angles 

is α + β= 90°. Depending on the chosen or 

desired geometry the value of 𝜶 ± 𝜷 is a typical 

parameter of the spectrograph.  As a result this 

total angle between the incident rays at the 

collimator and the diffracted rays collected by 

the focuser can be fixed going from 90° to a 

small angle value indicated in Fig. 5.3 from C90° 

to C Littrow, where C corresponds to type C from 

Fig.  4.10. The selected configuration influences 

the overall performance but also the limitations 

of the spectrograph. Turning the focuser to the 

left so that the angle to the grating normal 

becomes β < α, empirically improves the 

spectral resolution. At the endpoint the focuser 

and the collimator are working together 

representing the idea of the small angle Littrow 

configuration (λB = 2d sin ΘB  in Fig. 4.10). Which 

concept can finally be used depends on the 

optical design of collimator and focuser, the 

blaze angle of the grating and the resulting 

linear dispersion. It depends further on the 

intended area of astronomical applications.  
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Resolving    

Power R 
Spectral Information 

150 – 2000 

Wide field spectroscopic surveys eg by 

objective prisms 

General determination of spectral features 

eg emissions or absorptions  

Spectral Energy Distribution (SED curves) 

Redshift of very faint Quasars and Galaxies 

General Stellar Spectral Classification 

Classification of faint Novae and Supernovae 

Excitation class of emission nebulae 

2000 – 9000 

Details for Stellar Spectral Classification 

Spectral details of brighter galaxies 

Quasars and Supernovae  

Identification of molecules and elements 

Analysis of element abundance and 

metallicity 

10,000 – 20,000 

Detailed analysis of line profiles eg for disks 

of Be stars 

Rotation velocities of planets and stars 

Stellar temperature, analysis of particular 

sensitive lines 

20,000 – 50,000 

Detailed analysis of line profiles (eg for 

Wilson Bappu effect) 

High precision measurements of radial 

velocities 

Analysis of solar and stellar magnetic 

fields by Zeeman effect 

50,000 – 100,000 

For very large telescopes: Doppler 

analysis and mapping of winds, 

circumstellar  and proto-planetary disks, 

flares, interstellar medium 

> 100,000 

For very large telescopes: Atmospheric 

structures, Thermal broadening,  

Analysis of Interstellar lines, Chemical 

composition of exoplanetary atmospheres. 

For solar telescopes: Detailed analysis of 

solar surface and granulation 

Each of the discussed spectrographs has its own 

characteristics and applications. Depending on which 

astronomical object will be studied the resolving power of the 

spectrograph plays a key role in the choice. An important 

turning point to be able to analyze line profiles and Doppler 

shifts is a value of R=10,000. Such details are highly demanded 

by professional astronomers. Therefore high resolution 

spectrographs are essential for Pro-Am collaborative projects. 

Tab. 5.4 represents a rough overview of the type of spectral 

information that can be found in the recorded spectrum with 

increasing resolving power R [8]. 

However it makes no sense in any case to strive for the highest 

possible resolution. As a general rule: The higher the resolving 

power the longer the required exposure time. Thus for high 

resolution analysis of faint objects accordingly large 

professional telescopes are needed. Even with such equipment, 

for extremely distant and accordingly faint Quasars and 

Supernovae, low resolution  spectrographs are applied. Further 

for rough stellar classification lowly resolved broadband 

spectra are preferred, displaying on a glance all relevant, 

spectral features.     
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Relatively Flux-calibrated

profile Rc(λ)
Correction-function Ir(λ)

Ps(λ)

I

λ

In a rough approximation 𝐈𝐫 𝝀   corresponds here to the "attenuation-function" 𝑫𝑻𝒐𝒕 𝝀 , according 

eq. {8.1} and {8.2}. 

𝐈𝐫 𝝀 ≈ 𝑫𝑻𝒐𝒕 𝝀           𝟖. 𝟏𝟏  

Finally the division of the pseudo-continuum 𝐏𝐬 𝝀  by the correction-function 𝐈𝐫 𝝀 , results in the 

relatively flux-calibrated profile 𝐑𝐜 𝝀 . It shows now the same continuum course like the 

smoothed reference profile  𝑴𝒔𝑭𝒊𝒕(𝛌) in Fig. 8.6, but appears now overprinted with the accordingly 

scaled lines of the recorded profile. 

𝐑𝐜 𝝀 = 𝐏𝐬 𝝀 /𝐈𝐫 𝝀          {𝟖. 𝟏𝟐} 
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Echelle  R ≈ 20,000

Magnesium Triplet:  
λ 5167, 5173,  5183

DADOS  R ≈ 4000  (900L/mm)

DADOS  R ≈ 800     (200L/mm)

          Influence of the Spectrograph Resolution on the FWHM- and EW Values 

The spectral profiles of the Sun in Fig. 9.7, recorded with differently high resolutions show the influence on 

the recorded spectral lines. The R-values are here within a range of approximately 800 – 20,000. 

Influence of the spectral resolution on the recorded spectral lines 

(Huwiler / Walker) 
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Wilson-Bappu Effect 

A possible way to use also giants from the spectral classes G –M for the spectroscopic distance estimation is to apply 

the Wilson-Bappu effect. Already 1957 O. Wilson and K. Bappu discovered a remarkable correlation between the 

measured width of the small emission in the core of the Ca II K-line (λ3933.66) and the absolute visual magnitude of 

Giants. For amateurs with high resolution spectrographs (R~20'000) this is an interesting field for experiments. Fig. 10.9 

shows a strong zoom on the according emission core of Arcturus, fully displayed in the spectral atlas [1]. It shows how 

the width Δλ is measured, i.e. on each side of the line at half intensity between K1 and K2. Here follows, in a long 

sequence since the 1960ies, the most recent calibration [128] of this empirical law: 

                                                                                                                                      Mv=33.2-18∙log W0         10.1        where  W0=Δλ/λ0∙c 

                                Ca II K-line is preferred for this analysis because it has been revealed that in high resolution spectroscopy the Ca II H-        

                                line is often contaminated by other adjacent lines.                                                                                         

3933 3934

K1b

K2b

K1r

K2r

Δλ

Synchronised with 

the Spectral Atlas,  

Volume 2 focuses in 

detail on the theory 

behind the observed 

effects and their 

useful practical 

applications  
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 Cooling Mechanism by Forbidden Transitions 

 Here, at the example of the [O III] transitions, the 
important contribution of the forbidden transitions to 
the cooling mechanism in emission nebula is 
considered more closely. The scheme in Fig. 14.8 
shows the nebular temperature cycle, displaying the 
photoionization of the hydrogen atoms by a 
neighboring OB type star, causing a fast rise of the 
electron temperature. The generated free electrons 
collide with already ionized metals such as O III (O++). 
As mentioned above the kinetic energies of the free 
moving electrons are within the rough range of the 
differences 2.5 and 2.8 eV, indicated in Fig. 14.6, 
causing collision-excitation up to the higher 
metastable energy levels 1S0 and 1D2. Depending on 
their electron population radiative de-excitation 
occurs which ends on one of the of the fine-structure 
levels of O III (O++). This way observable emission lines 
are generated in the visible wavelength range. In the 
Spectral Atlas [1] most profiles of the numerous 
documented emission nebulae show the intense [O 
III] lines at λ5007 and λ4959, whereas λ4363 appears 
as a very tiny bump just in the highly excited 
Planetary Nebula NGC 7009. Therefore the emissions 
at λ5007 and λ4959 are here the main cooling forces. 
As a result of consecutive radiative emissions the 
electron temperature drops and an efficient “cooling” 
mechanism is activated. After several cycles a 
thermal equilibrium is reached and the electron 
temperature stabilizes (Fig. 14.7 and 14.8). 
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Phase 1: Interested amateurs 

An Important message to all interested amateurs that must be clear at the very beginning 

is that a Pro-Am collaboration is a high quality science project. The primary goal of this 

collaboration is to make a contribution to scientific work which can be a (funded) local or 

cross-border project. Sometimes it can also be organized as a contribution to a PHD or 

postdoctoral teamwork. The first task for the Pro-Am coordinator is to thoroughly inform 

interested amateurs about the philosophy of the Pro-Am collaboration to avoid overall 

deception afterwards. 
 COMPLETE SPECTROSCOPY  

For AMATEUR ASTRONOMERS 

 © 2017 WALKER & TRYPSTEEN 









Ancient cultures 

looked up to the stars, 

telling each other 

myths and legends: 

beautiful starlores. 

The moral of those tales, 

over the years 

survived for mankind. 

 

Modern cultures 

look to the stars too: 

the era of the  

high tech eyes 

explores the universe 

in another way 

and will help 

mankind to survive 

 

Enjoy the fascinating 

world of astronomical  

spectroscopy 

 

Marc Trypsteen 


