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Types III and V for the Burke - Gaffney Observatory 

by Robert G. Bailey 

Date of Submission 24 Aug. 1978 

Abstract 

The MK classification system is defined by the spectra 

of an array of standard stars and is based on the appearan

ces and relative intensities of selected spectral lines, 

blends, and bands observed in the blue-violet region of the 

spectrum. In spite of recent studies showing the necessity 

of revising the system to include an abundance parameter, 

the MK system remains a two dimensional classification sys

tem based on temperature types and luminosity classes. ! 

A Spotz spect~ograph which was recently acquired by the 

Burke - Gaffney Observatory, was used after an initial per

iod of testing, to produce a series of spectrograms of sel

ected MK standard stars of luminosity types III and V. The 

testing period was necessary to obtain the correct spectro

graph operating settings (camera focus, grating tilt, slit 

width, and stellar exposure times) and to devise a satisfac- 1 

tory observing procedure for photographing stellar spectra 

in the blue-violet wavelength region. The resulting photo

graphic sequence or atlas of spectrograms could then be us

ed at the Burke - Gaffney Observatory to assign MK classifi

cations to other stars. Eleven program stars were employed 

to test the classification capability and accuracy of the 

viii 
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produced atlas. The results proved very satisfactory as in 

all cases the atlas - assigned spectral types were within 

one subclass of the accepted classifications and nine of the 

eleven stars were given the correct luminosity classes. 

Secondary objectives involved the testing of the class

ification capacity of the spectrograph when using the Obser

vatory's Varo image tube and a study of the Halifax night 

sky spectrum. The results of the image tube testing indica

ted that a classification atlas using this apparatus may 

prove valuable and should be produced. The night sky spec

trum of Halifax was heavily marked with emmission lines from 

mercury and sodium vapour lamps. 
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INTRODUCTION 

Before any new instrument can be properly used for re

search, it is essential that it be examined, checked, and 

carefully tested under various conditions. This period of 

testing is necessary to obtain a complete understanding of 

the correct operating procedure and the limitations of the 

apparatus. In many cases, the instrument must be calibrated 

and checked by attempting to quantitatively reproduce known 

results, or by qualitative comparison with accepted stand

ards. In the case of a spectrograph to be used for stellar 

classification, the initial testing and final calibration 

stages naturally lead to a comparison of the spectrograms 

produced to those of an atlas of stellar spectra based on a 

standard classification system. 
I 

The MK classification system in a brief outline may be 

described as follows:-

t 

1) It is a spectra; classification system based on 

the appearances and relative intensities of selected 

spectral lines, bands, and blends observed in the visu-

al region of the spectrum. 

2) The system is defined by the spectra of an array 

of standard stars. 
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J) In spite of recent studies showing the necessi

ty of revising the system to include an abundance para

meter, the MK system remains a two dimensional classifi

cation system based on temperature types and luminosity 

classes. 

The objectives of this thesis are to test the newly_-

acquired Spotz spect~ograph of the Burke - Gaffney Observa

tory, to obtain the necessary operating calibrations {camera 

focus, grating tilt, slit width, and exposure times), to i

dentify the wavelengths of lines in the comparison spectrum, 

and to devise a satisfactory observing procedure for photo

graphing stellar spectra in the blue-violet regio.n. With this 

information, the spectrograph is then used to produce a ser

ies of spectrograms of selected MK standard stars of the gi

ant and main sequence luminosity classes. Careful examina

tion of these photographs is necessary to see whether the im

portant MK classification features are visible. The resulting 

photographic sequence can then be employed to assign classi-
' 

fications to other stars. Secondary objectives are to study 

the spectrum of the Halifax night sky and to test the classi

fication capacity of the spectrograph when using the Observa

tory's Varo image tube. 



II 

SPOTZ SPECTROGRAPH 

The specifications of the spectrograph are as follows:-

i) Grating:-

Baush and Lomb plane reflection grating 

Catalogue Number - 35-53-06-280 

(or B.L 280) 

- 2653-57-15-2 Serial Number 

Grating Size - 57.2mm X 57.2mm. 
0 

Blazed at 5000 A in the first order 
' 0 

Nominal Reciprocal Dispersion 80 A/m.m. 

1200 Grooves per m.m. 

ii)Collimator:-

Jaegers Coated Achromat 

Diameter 42.0 m.m. 

Focal Length 

iii)Camera:-

Focal Length 

f/4 

- 277.0 m.m. 

- 101.6 m.m. 

Demagnification factor= 277.0 = 2.73 
101.6 

3 

' 

\ 

/ 
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iv) Filter:-

The 'shutter slide position #1 was fitted with a 

neutral density filter to permit observing stars brigh- J 

ter than m.a = 3 .o. This slide position is the first 

shutter detent location obtained by pulling the shutter 

knob outward from the closed position. The second slide 

position with the shutter knob pulled completely out

ward has no filter and admits all the light passing 

through the slit into the spectrograph. 

The neutral density filter is:

Baird Atomic Filter 

Catalogue Number 110-0889-04 

Density 0.90 

A density of 0.90 corresponds to a 

stellar magnitude increase of ~.25. 

v) Decker:-
,_ 

The decker of the spectrograph controlls the pat

tern of light which enters the instrument and falls upon 

the photographic plate. The decker pos•i tions and pat

terns are shown . in Table 1. Both the actual decker slit 
< 

and projected plate dimensions were measured with a 

Gaertner measuring engine. The measured plate dimensions 

show very good agreement to those calculated valves ob

tained using the decker slit dimensions and the 2.73 

demagnification factor. 

~ 
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vi) Slit Width Dial Calibration:-

Calibration measurements of the slit width dial 

were made with the Gaertner measuring engine. Figure 

1, showing the slit width versus dial setting, was 

constructed from these measured valves. The measured 

widths were converted into units of seconds of arc us

ing the following relationship:-

Projected Slit Width = 
(in sec. of arc) 

(linear slit width) X (telescope 
scale) 

ii' 
with the telescope scale = 45 per m.m. 

' 

< I 
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Figure 1 

Calibration of the Spectrograph slit dial : 

The straight line is fitted by eye to the measurements. 

SLIT DIAL SETTING WIDTH IN CM. 

b 0 

1 0.003 

2 0.005 

4 0.009 

6 0.013 

8 0.017 

10 0.021 

14 0.029 

18 0.037 

22 0.046 

26 0.054 

JO 0.062 

35 0.072 

40 0.083 

50(0) 0.103 
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III 

SPECTROGRAPH TESfING AND PREPARATIONS 

l 

i) Focusing Test Plates 

The initial step of spectrograph testing involved using 

the comparison lamp to obtain the best combination of com

parison spectrum exposure time, camera focus, and slit width 

to produce sharp comparison lines; and to find the grating 

tilt setting which centers various spectral regions on the 

photographic plate. Initially the comparison spectrum was 

observed directly through the plateholder - camera opening 

with a magnifying lens. This procedure provided an initial 

grating tilt, slit width, and a rough camera focus setting. 

Using this information, test plates with selected ranges of 

exposure times, focus settings, and slit widths were taken. 

With each successive plate, the trial range of settings was 

narrowed. The results are given below. 

,, 

0 

a) Blue - Violet Region ( >-- < 4600 A) 

Among the 23 lines observed in this half of the 

comparison spectrum, a very close doublet was found 

centrally located. By using this doublet as a focus in

dicator, a best focus of 2.98 was selected. This doub

let was later identified as Ar lines of wavelengths 
0 0 

4198.32 A and 4200.68 A. Various trial slit widths 

8 

"' 

~ 

' 
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were selected. It was found that slit widths greater 

than 1.5 did not clearly resolve the Ar doublet. 

Based on this ob$ervation, a slit width of 1.5 was 

adopted for testing purposes. It was noted, however, 
~ 

that this slit width, which corresponds to 1.8 , is 

9 

somewhat wide for stellar work. A grating tilt setting 

of 1.10 was found to centrally position the blue-vio

let lines on the plate and an exposure time of 10 

seconds was selected. 

0 

b) Red Region { ~ > 5000 A) 

A number of faint and reasonably ·cl0se doublets 

within this region were used as focus indicators. A 

best focus of 2.74 was selected. The slit width dial 

setting was fixed at 1.5. The exposure time was found 

to be within the range of 20 to 30 seconds. 

The grating tilt setting for this region is des

cribed as the "inner stops". In order to centrally lo

cate the comparison lines of this region on the plate, 

it was necessary to turn the grating tilt micrometer 

inward beyond the dial zero position as far as the 

micrometer would allow.{ie. approximately two complete 

turns inward past the zero position) 
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Table 2 lists the spectrograph settings for the two 

regions as adopted from the test plates. It was noted that 

the camera focus settings were not only different for the 

two halves of the comparison spectrum but also varied no

ticeably with wavelength within each region. The focus set

tings shown in Table 2 are those which gave the best focus 
0 

for the centrally positioned lines of each region (4200 A 
0 

for the blue-violet region and 5800 A for the red region.) 

I 
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ii) Comparison Line Identification 

Only after identification of the comparison lines has 

been made can an accurate list of best focus settings ver

sus wavelength be produced. The comparison lines which are 

used to provide the identification and wavelength of the 

stellar spectral lines were identified by the following me

thod. 

1. The composition of the gas within the lamp produc

ing the comparison lines provided a starting point for line 

identification. The comparison spectrum of the Spotz spec

trograph was produced by a neon lamp.1 Except for the neon, 

the composition of the gas within the bulb was not known; 

however, based on eonsiderations of chemistry, it was assum

ed that the neon would be contaminated by the other noble 

gases. 

2. The appearances, relative intensities, and rough es

timates of the line wavelengths were then compared to the 

standard reference list of spectral lines as given in the 

Handbook of Chemistry and Physics. 

3. To confirm the tentative identifications of the com

parison lines, a Hartmann Correction curve was constructed. 

(see Appendix A) 

4. This identification procedure was applied separately 

to the blue-violet and red regions of the comparison spectrum. 

1. Bulb manufactured by Canadian Minature Lamps. 
Bulb type NE 30, 1 watt, 105 - 125 volts. 
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a) Blue-Violet Region{ ~< 4600 A) 

Figure 2 shows the adopted identifications of the com

parison lines in the blue-violet region of the spectrum. 

These lines were identified by measuring spectrum# 12 of 

focus test plate C.T # 7 1. with the ·Gaertner measuring en

gine. With the measured positions of the lines and the lab 

wavelengths of the spectral lines of the noble gas as given 

in the Handbook of Physics and Chemistry, the comparison 

lines were assigned tentative identifications. To confirm 

these identifications, a Hartman curve (Figure A1) was con

structed. Appendix A lists the measured line positions, the 

calculated Hartman wavelengths ( ~H ) and the resulting wave

length residuals (6~ ). The resulting Hartman curve (Figure 

A 1) is also shown. 

Based on the low 6>- valu-es, and the smooth shape of the 

Hartman curve, the preliminary line identifications were con-
0 

firmed. All ( IA>-1 ) valllles were found to be less than 0.30 A 

with the exceptions of line 7 ( 6>- = + 0.56) and line 11 

( 6)'- = - 0.57). For these two lines measuring errors may have 

produced the large ~~ val~es, or the lines may have been 

misidentified, or perhaps are blends. Line 4 was found to be 

faint and too irregular in sh?pe to be accurately measured 

with the Gaertner engine and hence a Hartmann wavelength was 

not calculated. 

1. C.T # 7 represehts the plate number as entered in the BG0 
Spectrograph Logbook. The letters C.T indicate a classical 
test plate using the comparison lamp. 



Figure 2 

The adopted line identifications for the blue-violet 
0 

region ( ..,.. < 4600 A) of the comparison spectrum (using 

grating BL 280) 
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b) Red Region ( c > 5000 A) 

Figure 3 lists the identified lines in the red region 

of the comparison spectrum. These lines were identified from 

spectrum 9 of focus test plate C.T #6. The identifications 

were confirmed with the construction of a Hartman curve (Fig

ure A.2). Appendix A contains all the necessary information 

required in the production of this curve. 

All the identified lines possess /A~/ values less than 
• 0.50 A except for line 5 ( A~ = - 0.62) and line 7 (A~ = +0.58). 

For these two lines, measuring errors, line misidentification, 

or line blending may explain the large values. As the plot

ted point for line 7 falls well of the general trend of the 

Hartman curve, it is believed that this line has been misi

dentified. Lines 1,2~8,10,12, and 18 were too faint to be ac

curately measured and could not be identified. The positions 

and relative intensities of lines 1 and 2 do, however, appear 
0 0 

to match the Ne lines at 5330.78 A and 5341.09 A respective-

ly. The two identifications should be regarded as tentative. 

Lines 6,14,23,25, and 27, which are all thin and faint in 
\, 

appearance, could not be matched to any noble gas or iron 

spectral lines. 

iii) Reciprocal Dispersion 

J 

Using the identified wavelengths of the comparison lines "; 
I 

and their measured positions, the reciprocal dispersion (D) " 

of the comparison spectrum was calculated as:-

D = D. >-
0. 'I-



Figure 3 

/ 

The adopted identifications of the comparison lines 
0 

in the red region of the spectrum( ~> 5000 A) (using 

grating BL 280). 
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Within the blue-violet region, ten pairs of lines were 

selected randomly. For each pair, a reciprocal dispersion 

was calculated. The accepted value was take~ to be the aver

age of the ten resulting D values. The recip~ocal dispersion 

of the red region was obtained by the same method. 

For the blue-violet region 
0 

D = 84.04 + 0.08 (s.d.) A/mm. 

For the red region 
0 

D = 84.06 + 0.09 (s.d.) A/mm. 

Average reciprocal dispersion for the two regions 
0 

D = 84.05 + 0.09 A/mm. 

iv) Adopted Camera Focus Settings 

(using grating BL 280) 

With the identification of the comparison lines, the 

focus test plates were visually examined to determine the 

best focus settings at specific wavelengths. The best set

tings were found to be the following:-
0 

2.98 at 4200 A 
• 

2.83 at 4500 A 
• 

2.83 at 5300 A 
0 

2.74 at 5800 A 
0 

2.68 at 6500 A 

' I 
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PRODUCTION OF STELLAR SPECTROGRAMS ~ 

i) Spectrograph Operating Settings 

Assuming the operating settings obtained from the com

parison spectrum test plates were useable for stellar spec

troscopic work, the early stellar plates involved the test

ing of these settings and estimates of exposure times. A 

number of stars of various magnitudes were selected from a 

list of MK standards. A spread of exposure times were esti

mated for each star based on their blue magnitude. The set

tings from the focus plates were tested on these stars and 

were found satisfactory for stellar work. All stellar spec

tra were photographed using decker position J. 

The focus setting of 2.98 gave sharply focused spectro-
0 

grams with the exception of the region of ~< 3900 A. With-

in this region, lines appeared to quickly fall out of focus 

with decreasing wavelength. As this region is not critical 

for stellar classification, the lack of focus within this 

zone was considered to be unimportant. Based on the sharp 

appearances of the absorption lines within the region from 
9 

4000 to 4600 A, the 2.98 setting was adopted as the focus 

for MK classification. 

The grating tilt setting of 1.10 was found satisfactory 

for stellar work, placing the spectra centrally on the plate. 

18 
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-~ The slit setting of 1.5 (1.8 ) was found to be wide 

19 

with respect to the stellar images on the slit jaws, and 

hence the trailing process for all but the brightest stars 

was difficult. The slit setting was reduced to 0.5 (o.7 if ) 

to eliminate this problem. Comparison of plates using both 

slit settings showed that the reduction to 0.5 acted to 

slightly improve the resolution of the spectrograms. A fur

ther reduction in slit width was considered, but careful ex

amination of the spectrograms obtained with the 0.5 setting 

showed sufficient resolution ( a projected slit width of 
0 

0.5 A) for stellar classification. 

From the stellar spectrograms, the best expoeure time 

for each star was selected. This was obtained by matching the 

appearance of the produced spectrograms to those of the Abt

Meinel Atlas (1968), where appearance refers to the clarity 

and sharpness of the absorption lines and the darkness of 

the continuum. Using these exposure times and the stellar mag

nitudes, a curve of~ versus exposure time was constructed. 

(Figure 4). This curve should be representative of average 
' 

(1 - 2 ~ ) seeing conditions in Halifax. 

By using an optical density of 0.90 and considering ex

posure times as being inversely proportional to luminosity, 

predicted exposures with the -neutral density filter were cal

culated from Figure 4. An exposure curve (Figure 5) was con

structed from these calculated val~es. The curve was then 

verified with spectra exposures . taken with the filter. It is 

I 

, 
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recommended that the filter be used for stars of blue mag

nitude brighter than J~O. A star of IDB= 3:m.owithout the 

use of the filter requires an exposure time of JO seconds 

which corresponds to only one trail. Using the filter in

creases the exposure to 3.5 minutes. Increasing the expos

ure and hence, the number of trails, ensures a more uni

formly - exposed spectrogram. 

/ 



i / 

Figure 4 

Exposure versus apparent magnitude relation for the 
~ 

classical spectrograph. Grating BL 280~ Slit 0.5 (0.7 
1 

). 

The straight line was obtained by a least squares fit to 

the plotted points. 

/ 



S3lnN IV\I NI 
1
3V\1I1 3 ttnSOdX3 

8 L 



Figure 5 

Exposure versus apparent magnitude relation for the 

classical spectrograph using the 0.90 optical density 
'"' 

f ·ilter. Grating BL 280. Slit - 0.5 (0.7 " ).The straight 

line was obtained from calculations using exposure times 

from Figure 4. 
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ii) Spectrograph Operating Procedure 

The procedure adopted for photographing stellar spec

tra is that outlined on pages J7 - J9 of the instruction 

manual' The Spotz "T9y" Spectrograph at McGraw - Hill Ob

servatory (Mook, 1975)'. Slight changes in the procedure 

were required to correct for wording misprints and mistakes. 

The Dome copy of the manual has been corrected. 

The manual recommends that the comparison lines be plac-
' ed on the plate in two exposures of one-half the total dura-

tion, and be photographed beside each stellar spectrum. These 

two steps were not considered necessary for the production of 

an MK atlas. In general, comparison spectra were applied only 

on the top and bottom of each plate to act as a quick refer

ence for the identification of the major spectra.I lines (G 

Band,Jfan~ K lines, Balmer Series) 

As suggested in the manual, the spectrograph slit was 

aligned east - west and the trailing process was performed 

using the guide speed R.A. controlls. The length of trail

ing times depended on the stars' declination and varied 

from 20 seconds at d = 0° to approximately 45 seconds at 

J = 60° . All spectra were photographed using the# J decker 
"' // 

position (length= 54 on the sky, or o.40 m.m. on glass). 

Stars were trailed only in a whole number of passes a

long the slit to prevent non-uniform exposures. 
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iii) Exposure Curve Recalibration _ , . . ,. . ,. 

During the period of July - October 1977, the expos-

ure curves (Figures 4 and 5) gave reliable exposures for 

stellar spectra. However, on returning from a two month ab

sence from observing, the· result of adverse weather during 

November and early December, the exposure curves were found 

to be no longer valid. Several plates taken during the months 

of December and January using exposures taken from these 

curves were found to be significantly underexposed. 

Initially some defects within the spectrograph were sus

pected. The instrument was dismantled in search of the prob

lem. The light path was followed through the interior of the 

spectrograph checking for any form of light blockage that 

might act to increase the exposure times; but none was found. 

The slit width dial cal1bration was remeasured with the 

Gaertner engine to check the possibility that it had changed. 

If the 0.5 setting was now giving a narrower slit than pre

viously, less of the stellar light would be admitted into the 

spectrograph resulting in underexposure. However, measure

ments confirmed the previous calibration, disproving this hy

pothesis -4 

The spectrograph grating was also examined. The grating 

surface was found to be covered with a poorly reflecting 

film along with a number of fine scratches. The film may be 

due to the oxidization of the aluminum surface coating of the 
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grating. The scratches were attributed to a fine-hair lens 

brush which had been used to clean the grating surface. At 

this time, it is uncertain to what extent the scratches 

have actually damaged the grating surface. 

The telescope optics were also checked. The primary mir

ror which was recoated and cleaned during the summer of 1977, 

was clearly in need of resurfacing by early 1978. The mirror 

was removed from the telescope and washed, but no improve

ment in the exposure time resulted. 

It was concluded that the underexposed p[ates were the 

result of the deterioration of both the mirror ·and grating 

surfaces. To test the effect of the degraded grating surface, 

test plates of various exposures of the comparison spectrum 

were obtained. In comparing these plates with ones taken dur

ing Julry and August 1977, the grating appeared responsible 

for a sensitivity loss factor of about 3, in that a 20 sec

ond exposure on the early focus test plates now corresponded 

to a 60 second exposure. Estimating a factor of 2 for the 

primary mirr9r alone implied that the original exposure curve 

had to be recalibrated towards longer exposures by a factor 

of approximately 6. 

To carry out the recalibration, plates of MK standards 

were taken using a wide range of exposures centered about the 

estimated factor of 6. Shown in Table 3 are the results. 
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The recalibration factor was found to vary from 6.7 to 

10.5 with an average of 8.6. A relationship between the fac

tor and the star's blue magnitude was found to exist in that 

as the stars became fainter, the factor increased. To illus

trate this observation, Figure 6 was constructed. As the 34 

minute exposure time for 31 Com. produced a slightly under

exposed spectrogram, the plotted point for this star must be 

considered as a lower limit. One possibility for the observ

ed effect shown in Figure 6 is reciprocity failure. This was 

confirmed as being partially responsible by checking the 

103 a-0 reciprocity characteristics provided by the Kodak Com

pany. 

Until a new grating is available and the telescope mir

ror is resurfaced, it is recommended that the exposure times 

from Figures 4 and 5 be increased by either the mean factor 

of 8.6 or the appropriate factor obtained from Figure 6. With 

the continuing deterioration of the mirror and grating sur

faces, it is possible that the recalibration factor may con

tinue to increase with time. 

/ 
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Figure 6 

A plot of the exposure curve recalibration factor 
versus blue magnitude (constructed from the data shown 
in Table J). The straight line was applied to the plotted 
points by a least squares fitting method. 
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PRODUCTION OF AN MK CLASSIFICATION ATLAS 

i) Selection of Program Stars 

With the testing of operating settings ~nd exposure 

times completed, plates of stellar spectra were taken with 

the aim of producing an MK classification atlas for the gi- · 

ant (III) and main sequence (V) luminosity classes. IdeallY,, 

the atlas would include a spectrogram of each spectral type 

for each luminosity class. The lack of suitable standard 

stars for certain spectral classes and the large amount of 

observing time required made it impossible to produce such 

an atlas. The sequence of stars and the spacing of -spectral 

classes shown in the "Atlas of Low Dispersion Grating Stel

lar Spectra" by Abt, Meinel, Morgan, and Tapscott (1968),and 

"An Atlas of Spectra of the Cooler Stars, Types G,K,M,S, and 

C" by Keenan and McNeil (1976) were used as guides in the 

selection of suitable program stars. Program stars were also 

selected from the lists of MK standards given in Johnson and 

Morgan (1953), and, Morgan and Keenan (1973). Where gaps in 

the spectral sequence existed that could not be filled with 

MK standards from the above lists, stars were selected from 

the Catalogue of Bright Stars, Third Edition, 1964. 

ii) Darkroom Processing 

All plates were obtained on Eastman - Kodak 10Ja - O 

emulsion (catalogue number 170 - 8932) and were developed 

29 
, 
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in D - 19 for four minutes at a temperature of 70 - 7.30 F. 

An attempt was .made to produce contact copies using 10.3a - O 

emulsion on glass. This proved unsatisfactory due to graini

ness and the non uniformity of the plate background. The non 

uniformity, which occurred near the plate edge, _was attribu

ted to the securing tabs of the plateholder interrupting the 

flow of developer over the plate. In general, this non uni

formity did not impair the use of the originals or the con

tact copies. The grainy texture of the background became more 

noticeable when paper prints of these contact copies were pro-
' . 

duced. In order to avoid the above problems, contact copies 

were made using fine - grained Kodak Panatomic - X. film (ASA 

.32). This film was developed in the Nikor tanks instead of the 

plateholder, eliminating the background irregularity. Use of 

this film also r~duced the background graininess. Paper prints 

of these contacts were made using Kodak Polycontrast Rapid 

R.C. paper. No contrast filters were necessary in this step. 

iii) MK Atlas 

From the paper prints, spectrograms were selected and 

arranged in order to illustrate the MK spectral types for 

the main sequence and giant luminosity classes. Tables 4 and 

5 list the sequence of stars and the observational data for 

the BGO atlas. It is emphasized that the Atlas in paper pr~nt 

form is not intended to be used for the most accurate class

ification work. For this purpose, only the original glass 

plates listed in Tables 4 and 5 are suitable. 

/ 
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iv) Atlas Plates 1 and 2 

Plates 1 and 2 illustrate an array of MK standards for 

the main sequence and giant luminosity classes. The sequen

ces of the two plates show the changing appearances and in

.tensities of lines, blends, and bands which allow the class-

ification of luminosity class III and V stars. 

Plate 1 commences the sequence with an 09 V spectrogram 

which shows numerous Hand He lines. The hydrogen lines in

crease in intensity with advancing spectral type reaching 

their maximum strength near AO V. The HeI lines reach max

imum strength near BJV and decrease in intensity thereafter. 

The Call Kline which can be used for classification as ear

ly as B8V as shown in the Abt - Meinel Atlas, is not clear

ly seen on the BGO glass plates until AJV and is faintly ob

servable at AOV. This is due to the rapid change in focus be

tween the position of this line and that of best focus (4200 
0 

A). The net result is a slight"increase in uncertainty in 

assigning spectral classes within the range of late Band 

early A stars. The Kline beyond AOV increases rapidly in in

tensity with later types. Within the sequence AOV to F5V, the 

CaII K to H3 line ratio changes noticeably with spectral type 

and the neutral metallic lines grow in strength. The G Band 

begins to appear as a continuous feature near FJV. These

quence between F5V to KOV is characterized by decreasing H 

lines and by increasing neutral metallic lines. The G Band in

increases in strength towards the late G classes. The KV stars 
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reveal a G Band which decreases in intensity and a Cal 4226 

line which rapidly strengthens with advancing spectral type. 

The iate K classes are marked by the appearance of an MgH 
0 

absorption band centered at 4780 A. 

Plate 2 reveals a similiar pattern of changing line and 

band intensities. The B2III spectrogram shows the Balmer line 

series and several helium lines. Towards later classes, the 

H lines grow in intensity reaching a maximum near AOIII, 

whiae the He lines which are near maximum strength near B2III, 

decrease in intensity. The Balmer lines of plate 2, as expec

ted, based on pressure broadening theory, show more clearly 

defined edges and narrower appearances than do the same lines 

of the corresponding spectrograms shown in plate 1. Within 

the region of AOIII to F6III, the H lines continue to weaken 

while the Kline strengthens. The G Band is first seen as a 

continuous feature at F6III, and grows in intensity with lat

er classes throughout the F and G giants. The neutral metal

lic lines strengthen progressively through the sequence F6III 

- KOIII. Within this region, the CN absorption band and the 

4172 - 4179 band are seen. The Kand M stars reveal a weak

ening G Band and a rapidly increasing Ca I 4226 line with 

advancing spectral types. The TiO Bands grow noticeably in 

strength after K7III. 

The above discussion of lines, blends, and bands forms 

the basis on which stars are assigned spectral classes. These 

features were described as they appear on the original glass 

plates. The ability of these plates to assign accurate class-
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ifications was tested, using stars which during these tests, 

were of unknown classes. 

v) Classification of Unknown Spectra 

With the atlas, the capacity to classify unknowns by 

luminosity class is limited. To remave this restriction, it 1 

is essential that the atlas be supplimented with a sequence 1 

of supergiant stars. Also, within the atlas, there exist sev

eral noticeable gaps. To improve the classification capacity of 

the BGO atlas, these gaps must be filled. 

For the main sequence stars, the most noticeable weak

ness is the absence of any M star spectrograms. Sufficient 

M V standard stars are listed in Table 3 of "An Atlas of Spec

tra of the Cooler Stars" by Keenan and McNeil (1976) and in 

Table 3 of Johnson and Morgan (1953) to complete this re-

gion of the atlas. However, the faintness of these stars ( 

all with niJ3 > 8!'1) requires lengthy,1 exposure times. With a 

freshly resurfaced mirror and a new grating, extrapolation 

of Figure 4, ignoring reciprocity failure, yields exposures 

of approximately 35 and 80 minutes, respectively, for stars 

of am and 9m. With the deterioration of the grating and 

mirror surfaces, Figure 6 indicates that these exposure 

times must be lengthened by a factor of 12 or 13. These very 

long exposures prevented the completion of this region of 

the atlas. 

A second gap exists between G5V and KOV. Both the At

las of Spectra of Cooler Stars and the Abt - Meinel Atlas 

"-
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have filled this gap with 61 U Ma (G8V) which (with co-or

dinates of d... = 11h39m and ~= 34°20• and!i13 = 61!10) is ob-
-

tainable with a 60 minute exposure time. This time was ob-

tained from Figure 4 and by applying a recalibration factor 

of 11. This does not include allowance for reciprocity fail-

ure. 

' For the giant stars, the atlas possesses certain re

gions which could be improved by a closer spacing between ;:.::• 

spectral classes. The atlas sequence between FOIII and G5III 

with only four members is not adequately filled. The poor ', 

coverage is caused by the lack of suitable standards as the 

Hertzsprung Gap extends through the F to middle G. giant class

es. The giant sequence could also be strengthened with the ad

dition of an O III and early B III stars. 

vi) Classifica~ion of Unknown Program Stars 

A list of program stars was presented to the author to 

test the classification accuracy of the spectrograph and the 

BGO atlas. The author played no part in the selection of these 

stars and their classifications remained unknown to him until 

after the stars had been classified. These 11 program stars 

were photographed with both the classical spectrograph and 

with the image tube. \ Ea9h star was cl~ssified twice, using its 

classical and image tube spec~rograms. Only original plates 

were used, and in each case, the comparison was with the class

ical atlas described above. For a discussion of the image tube 

classifications, refer to Chapter 8. The assigned spectral 

f 

\ 
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classes were then checked for accuracy with the classifica

tions listed in the Catalogue of Bright Stars (Hoffledt, 

1964). 

In general, all the lines and features used by the Abt

Meinel Atlas for classification purposes are visible on the 

BGO Atlas and on the unknown spectrograms. For all 11 stars, 

the assigned spectral classifications differed by not more 

than 1 subclass from those listed in the Catalogue of Bright 

Stars. . 

Because of differences in pressure broadening, giant 
\ 

stars possess narrower spectral lines with more . sharply de

fined edges than do main sequence stars of the same spectral 

type. This was particularly observable on the BGO plates for 

the Balmer (hydrogen) and helium (HeI) lines. This observa

tion along with various luminosity discriminating line ratios 

(see below) provided the means of assigning luminosity types 

to the program stars. Seven of the 11 stars were assigned 

late B through middle A spectral classes. For these stars, 

luminosity classes were primarily determined by the appear-

\ ances and widths of the Balmer lines. For the remaining four 

stars, which were assigned later spectral types, line widths 

and luminosity discriminators were employed. Those lines and 

line ratios which were used as luminosity indicators, includ-

ed: 

1) the CN Band for mid - G to mid - K giants, 

2) the 4172 - 4179 band for F giants, and, 



,F 
,·' 

3) the ratios of (Fe I 4216 / Ca I 4226) and 

(Sr II 4077 / Fe I 4063) for late F, G, and early K 

stars. 

40 1 

The list of program stars and the classification re

sults are given in Table 7 (page 59 ). Plates 3a and 3b show 

the classical and image tube spectrograms for each of the 11 

stars. Overall, the BGO Atlas and the classification pro

cedure yielded very good results. The assigned spectral types 

were all within one subclass of the accepted classifications 

and 9 out of the 11 stars were assigned the correct luminosi

ty class. 
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VI 

VARO IMAGE TUBE CAMERA 

A second objective of this thesis involved testing the 

Spotz spectrograph with a Varo image tube to obtain the ne

cessary operating settings and to examine the capacity of 

this combination for spectral classification. Listed below 

are the specifications of the image tube. 

i) Description:-

40 m.m. diameter, single stage image intensifier 

Manufactured by Varo Electron Devices 

Model Number 8605 

ii) Power Supply 

Applied Voltage (input) - 6.75 V. d.c. 

Nominal operating Voltage (output) - 15,000 V. 

The d.c. voltage was supplied by two, 6.75 V. Mallory 

Duracell Mercury batteries (type TR 135 R). To allow a gra

dual increase of the applied voltage up to the operating 

6.75 V., a potentiometer of 250 ohms was employed with the 

power supply. 

iii) General Manufacturers' Specifications 

Tube Dimensions 

Magnification 

Tube Gain 

41 

40 m.m. input diameter 

32 m.m. useful output diameter 

0.94 

approximately JO to 40 

✓ 
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Focusing - electrostatic 

Photocathode - S-20, with an extended red 

response 

Phosphor - Aluminized P - 20 

Output - Fiber Optics 

Figure 7 shows the photocathode spectral response curve 

as provided by the Varo company. 

,. 

I 
,. 
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Figure 7 

The photocathode spectral response curve of the Varo 

image .tube, model# 8605. The curve is fitted by eye to 

the plotted points. 

, 
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VII 

IMAGE TUBE TESTING 

i) Image Tube Operating Settings 

As with the initial preparations of the classical spec

trograph, a trial and error process of testing various oper

ating settings was performed with the image tube camera using 

the comparison spectrum and 10Ja - D emulsion. The slit width 

dial setting was maintained at 0.5. The grating tilt setting 

was initially positioned at 1.10. The tilt setting was ad

justed as necessary to center the comparison spectrum on the 

plate or to shift the spectrum to provide a more complete cov

erage of the red wavelength region. Based on the ·focusing 

test plates, a best focus of 7.60 and a comparison spectrum 

exposure time of 20 seconds with the neutral density filter 

were selected. 

From these test plates, several facts were noted. The 

grating tilt setting of 1.10 provided coverage of the region 
0 

4250 - 5975 A. All blue-violet lines at wavelengths shorter 
0 

than 4250 A we·re found to be very underexposed. Longer ex-

posure times failed to improve this condition. The problem 

was attributed to the falling sensitivity of the image tube 

at these short wavelengthse 

To extend the coverage of the red region, a tilt setting 
' 

of less than 1.10 must be employed. A setting of o.60 was la-
0 

ter selected and provided a wavelength coverage from 4200 A 
-0 

to 6550 A. 
44 

-
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The focusing test plates revealed a very gradual change 

in focus with camera focus settings. Focus settings of 7.50 

and 7.70 provided results that were comparable to those at 

the 7.60 val~e. The slow focus change can be understood in 

terms of the lower resolution of the image tube plates. The 

focus setting of 7.60 was adopted for both the red and blue

violet regions. 

ii) Reciprocal Dispersion 

Using comparison spectrum# 1 of test plate IT# 2, the 

positions of 5 lines were measured with the Gaertner measur

ing engine. With these measurements and the known wavelengths 

of the comparison lines, the reciprocal dispersion of the 

plate was calculated and found to be the following, 
0 

1 91.5 • 0.3 A/ m.m. for the blue - violet region 
0 

2 65.5 + 0.2 A/ m·.m. for the red region. 

As the classical plates produced reciprocal dispersions 

of nearly identical values for these two regions, the wide 

spread found for the image tube plate was not expected. The 

difference between the two calculated dispersion values falls 

well outside of the tubes' maximum distortion bf 5% quoted by 

the manufacturer. 

It is apparant that the dispersion depends on the pos

ition of the comparison lines on the photocathode. To test 

this expectation, the comparison spectrum of plate I-0021 

1 Note that plates I-002 and IT #2 are not the same. I-002 
refers to the second image tube plate of stellar spectra 
while IT #2 indicates the second image tube test plate 
of comparison spectra 

I 
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which had been obtained with a different tilt setting, was 

used to remeasure the same set of five lines. The I-002 

plate dispersions were found to be the following:-
0 

1 87.1 + 0.3 A/mm for the blue-violet region 
• 

2 82.6 + 0.3 A/mm for the red region 

The two plates {I-002 and I.T # 2) were obtained with 

a common focus of 7.60, a slit width of 0.5, and the same 

exposure of 20 seconds with the neutral density filter. 

The sketches below show the rough locations of the red 

and blue regions of the comparison spectrum of each plate 

on the rear of the fiber bundle. 

Plate IT #2 {24 Apr. 1978) 

Slit - 0.5 

Focus - 7.60 

Tilt - 1.10 

Plate I-002 (10 May 1978) 

Slit - 0.5 

Focus 7.60 

Tilt - 0.60 

~ 

?n.u< 

---ti...£ 

E'D<1£ OF 

;:;6E"R. B l.l/'1>1.E 

Based on the above information, it appears that the tube'~ 

dispersion varies with the location of the comparison lines 

on the photocathode. A change in the de. applied voltage 

(6.75 V) might be expected to cause some distortion in the. 

tube's dispersion. However, it does seem unlikely that the 

large dispersion differences could be explained by ageing of 
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the batteries during the 2½ week period between the two 

plates. The voltage was measured in early June and found 

to be 6.55 V. 

From the plate I.T # 2 measurements, the following dis-

persions were adopted. 
0 

1 65 A/mm for the outer plate edge, and 
0 

2 90 A/mm for the central region of the photocathode 

0 

The 90 A/mm dispersion value agrees with the 0.94 mag-

nification of the tube. 

\ 

'\ 
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VIII 

PRODUCTION OF IMAGE TUBE SPECTROGRAMS 

i) Introduction 

The primary objective of this portion of the thesis 

was not to produce an MK atlas with the image tube but to 

test the classification capability of the instrument. This 

was accomplished by assigning classifications to program stars 

based on a comparison between their image tube spectrograms 

and the classical spectrograms which were used to produce 

plates 1 and 2. These tentative classes were then checked for 

accuracy against the accepted classifications listed in the 

Catalogue of Bright Stars (Hoffleit, 1964) 

The procedure for photographing image tube spectra re

mained the same as that described previously for the class

ical spectrograph. All image tube photographs were obtained 

on Eastman - Kodak 103a-D emulsion (catalogue number 160-

7860). Darkroom procedures were similiar to those for the 

classical spectrograph process. 

ii) Image Tube Exposure Times 

With the operating settings obtained from the testing 

procedure, plates of stellar spectra were taken using a num

ber of trial exposure times. The selection of trial times 

was based on the star's blue magnitude and Figure 4. The re

sulting exposure was adjusted by the appropriate recalibra

tion factor and a tube gain factor -of 30. The use of the re

calibration factor was necessary as all image tube observa

tions were obtained after the drop in system sensitivity. 

48 
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The method of estimating image tube exposures describ

ed above, produced spectrograms which were very underexpos-
\ . . . ed. Possible reasons for this are discussed below. 

Using several exposures of longer duration, the same 

program stars were taken with the aim of producing an image 

tube exposure curve. Table 6 lists the program stars along 

with their apparent blue magnitudes and best exposure times. 

Using these tabulated values, the exposure curve (Figure 8) 

was constructed. 

The image tube exposures were found to average 1.8 times 

longer than those given by Figure 4, the original exposure 

curve for the classical spectrograph. By considering the re

calibration of this curve, a comparison between the recali

brated classical exposure times and the best image tube ex

posures for the program stars implies the tube gain in the 

blue-violet to be only 5, considerably less than the JO to 1 

gain quoted in the tube specifications. This may be explained 

in part by the falling sensi~ivity of the image tube at the 

blue-violet wavelengths (see Figure 7).- A drop in the appli

ed 6.75 V. would also cause a reduction in the tube gain. 

The battery voltage was measured in early June and a slight -

drop of 0.2 volts was found. To ensure a more steady power 

supply, it is recommended that for future image tube work, 

the batteries be replaced with a controllable d.c. power sup

ply. Another factor causing the low gain is the 10Ja - Dem

ulsion which is not as sensitive over the region of the out-

j I 
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put of the P-20 phosphor as is 103a - O emulsion in the 
I 

blue-violet region. Using the spectral sensitivity curves 

for these emulsions (provided by Kodak), the sensitivity 

difference was estimated to be a factor of three. 
0 

At the longer wavelengths (about 5600 A, the peak of 

50 

the photocathode sensitivity curve; see Figure 7), the i

mage tube gain could be expected to give a higher factor 

than the gain of 5 observed for the blue-violet region. This 

could be tested with classical and image tube test plates u

sing the comparison spectrum and various exposure times. 

iii) Image Tube Classification of Program Stars 

As discussed in Chapter 5, a number of program stars 

were supplied to the author. The stars were photographed with 

the classical spectrograph and image tube camera. These stars 

were classified through comparison with the BGO Atlas glass 

plates and these assigned classes were then compared with 

published classifications. 

As expected, based on the appearance of the comparison 

spectrum from the focus test plates and the sensitivity curve 

(Figure 7), the image tube produced stellar spectrograms 
0 

which, for wavelengths of less than 4100 A, were consider-
0 

ably underexposed while the blue region (4100 - 4800 A) was 

adequately exposed. The density in the violet region could 

be raised by lengthening exposµre times but only at the ex

pense of overexposing the blue wavelength region. The loss 

of the violet region which includes the Ca II Hand Klines 
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Figure 8 

'"' The image tube exposure curve. Slit 0. 5 ( 0. 7 '' ) • 

Tilt - 0.60. 10Ja - D emulsion. D.C. voltage - 6.55 volts. 
The straight line was fitted to the plotted points by a 
least· squares method. 
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is a major limitation in the classification of late B, A, and 

F stars. To the extent that classification within this region 

depends on the appearance 6£ the Balmer lines, assigned class~ 

es must be considered as uncertain. 

A close examination for Ca I (4226) and Mg II (4481) 

may be helpful is distinguishing between early and late A 

stars. If present in a spectrogram, these lines greatly assist 

the classification of stars later than A5. Similiarly He I 

(4387 and 4471) lines allow the differentiation between ear

ly and late B stars. Stars of spectral types between B7 and 

A3, however, show only strong Balmer lines. Within this re

gion, classes can not be assigned with any certainty. To im

prove the classification within this region, it is recommen

ded that the BL 280 grating be replaced with one blazed at 
0 

4000 A. 

The image tube, as expected, produced lower resolution 

spectrograms, showing wider lines with unclear edges. The 

difference in line appearance between classical and image tube 

spectrograms made the assignment of luminosity classes uncer

tain. Plates 3a and 3b illustrate the comparison between the 

two spectrograms for the program stars. 

For the image tube classification procedure, luminosity 

classes for the Band A stars were assigned primarily on the 

Balmer line widths and appearances. Considering the lower re

solution of the image tube which acted to widen lines giving 

them unclear edges, care was necessary to avoid bias towards 

\ 
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assigning class V. The seven program stars which were assign- , j 

ed Band A spectral types were initially examined as a group 

to compare the Balmer line widths and appearances. The dif-

ferences in widths among the group were used to assign lum-

inosity classes. For those program stars given later spectral 

types, various luminosity discriminants were employed in add-

ition to line widths. 

To review the image tube classifications which are shown 

in Table 7, a summary bf the classifying procedure for the 11 . 

program stars follows. 

a) HD 129247 (Spectrogram 4, Plate I-003) 

Based on the strong Balmer lines, the star must fall 

cla.se to AO. The absence of other lines prevents a firm clas

sification but implies the star occupies the region B7- A3. 

The strong Balmer lines possess reasonably sharp, distinct 

edges, indicating luminosity class III. , 

b) HD 129502 (Spectrogram 5, Plate I-004) 

Within this stellar spectrogram, the Balmer lines, a 

weak Ca I 4226 line, and a number of metallic lines including 

Mg II 4481, and Fe I 4383 are visible. The Balmer lines which 

are considerably weaker than those in HD 129247, possess edges 

which suggest a III classification. The combination and ob-
' 

served strengths of the hydrogen and metallic lines imply an 

early F star. (F2 III). 

c) HD 133208 (Spectrogram 2, Plate I - 004) 

This star shows a spectrum which is dominated by a wide, 

I l 
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strong G Band. Also present are several strong metallic 

lines including Fe! 4325, FeI 4383, FeI 4271, and CaI 4226, 
-

along with weak Balmer lines. The portion of the spectrogram 

to the short wavelength side of CaI is underexposed. Based on 

the predominant G Barul and the relative intensities of H1 

and the nearby metallic lines, a spectr~l type of G7 was sel- 1 

ected. The line ratio of (FeI 4216 / CaI 4226) indicates a 

luminosity class III. 

d) HD 135742 (Spectrogram 3, Plate I - 006) 

Strong Balmer lines and HE are visible, implying a clas

sification close to AO. Although the HE line · is seen, the 

Ca II Kline was not present. The absence of the Kline and 

any He I lines implies a late B star (B9 III). 

e) HD 141003 (Spectrogram 2, Plate I - 006) 

The spectrogram of this star is dominated by wide, fuzzy, 

strong Balmer lines~ The only other observable line was found 

located close on the red side of the H line~ This line was 

not observed on any of the Atlas spectrograms. The Abt-Mei

nel Atlas was used to identify this line as Si II 4128-4130 

which appears in late Band early A stars reaching a maximum 

near AO. Using this information, the star was classified as 

A0V. Without this assistance from the Abt-Meinel Atlas, the 

BG0 Atlas woul,d have assigned a classification near A0V ( ie 

within the region B7V - AJV). 

... .. 
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f) HD 149630 ( spectrogram 5, Plate I-006) 

The presence of strong, wide Balmer lines and the 

absence of other observable lines implies a classification 

near AOV (ie within the range B7V- A3V). 

g) HD 153210 (Spectrogram 2, Plate I-009) 

Within this spectrum,a strong G Band,a weak Ht line, 

and metallic lines of Fer 4325,FeI 4383,CrI 4254,CrI4274, 

and car 4226 are present. To the short wavelength side of the 

car line are several other faint features, one of which is 

believed to be the CN Band. The underexposed state of this 

region prevents any firm identification. Based on the stren

gth of the G Band and the metallic lines, a classification of 

KO III was selected. The giant class was based on ' the 

presence of the CN Band. 

h) HD 159561 (Spectrogram 3 and 4, Plate I-009) 

The combination of strong Balmer lines and a faint 

Mg II 4481 line coupled with the absence of the car 4226 line 

implies an early A spectral type. In order to obtain a more 

accurate classification, spectrogram 4 was obtained with 

twice the exposure time used for spectrogram 3. This spectro

gram faintly showed both the H€ and Ca II Kline. Using 

these lines, a classification of AS III was selected. 

i) HD 164259 (Spectrogram 2, Plate I-011) 

This spectrogram shows the hydrogen lines of H~ and 

H~, and the Mg II 4481 line. Also there exists faint indica-
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tions of the G Band. To the short wavelength side of the G 

Band, the spectrogram is underexposed and no lines are vis

ible. Based on the above observations, a classification of 

FO III was selected. 

j) HD 165777 (Spectrogram 5, Plate I - 009) 

Strong Balmer lines, the Mg II 4481 line, and a very 

faint Fe I 4383 line combine to indicate an early A spec

tral type. The appearance of the Balmer lines imply lumi

nosity class V. The star was classified as A2V. 

k) HD 176437 (Spectrogram 6, Plate I - 009) 

This star was classified as B8 III based on the presence 

of strong Balmer lines which possess well-defined .edges, a 

faint He I 4387 and He I 4026 line. The identification of 

the He I 4026 line remains uncertain due to the underex

posed state of this region. 

The assigned image tube classes are listed in compari

son with the classically - determined, and the accepted cat

al0gue classes. As expected, considering that the Atlas was 

produced with the classical spectrograph, the classically - , 

assigned cla~sifications showed a higher accuracy than did 

the image tube classifications. In spite of the image tube's 

loss of information at violet wavelengths and the reduction 

in resolution, the image tube classes were all within three 

subclasses of the catalogue classifications. Seven of the 11 

program stars were assigned the correct luminosity class. In 

order to produce darker exposures in the violet region with-
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out overexposing the blue wavelengths, it is recommended 

that the spectrograph's grating be replaced with one blazed 
0 

at 4000 A. Perhaps with the improvements resulting from this 

new grating, a classification atlas for the image tube sys

tem would be valuable. Clearly one would expect more accur

acy in assigning classes_ using such an atlas than presently 

obtained by cca,mparing image tube spectrograms to a classical 

atlas. However, considering the lower resolution, it seems 

unlikely that the accuracy of the image tube classification 

could match that of the classical system. 
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SPECTRUM OF THE NIGHT SKY AT HALIFAX 
0 

i) Blue - Violet Region (3900 - 4700 A) 

The blue-violet region of the night sky spectrum was 

photographed at the zenith on 2~ April 1978 using a 60 min

ute exposure ( plate C - 025). The night sky spectrum is 

shown with the comparison spectrum in Figure 9. Due to the 

proximity of the Observatory to the Halifax Harbour Contain

er Pier, which is continuously illuminated by mercury vapour 

lamps, the night sky spectrum was expected to show Hg I mer

cury lines. The mercury lamp spectrum provided by Osterbrook 

et al (1976) and the comparison spectrum were used tq identi

fy the three lines observed in the night sky spectrum as 
O O 0 

Hg I lines at wavelengths of 4047 A, 4078 A, and 4358 A. The 
0 , • 

Hg I lines (4047 A and 4J58 A) are visible on several spec-

trograms of plates Ja and Jb. 
0 

ii) Red Region (4700 - 6000 A) 
0 0 

The night sky spectrum covering 4700 A - 6000 A was 

photographed at the zenith on the 20 June 1978 using the Varo 

image tube and a 15 minute exposure (plate I - 010). The spec

trum is shown in Figure 10. Using the mercury and sodium lamp 

spectra, and the OI night sky wavelengths provided by Oster

brook et al. (1976), several of the night sky lines were i

dentified. However, many of the observed features could not 

be matched with any sodium or mercury wavelengths. No evidence 
62 
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of sky emission was observed. The locations of the uniden

tified features along with their approximate wavelengths are 

shown in Figure 10. Knowing that the reciprocal dispersion 

changes along the length of an image tube spectrogram (see 

Chapter 7, page 45), the lack of line identifications in 

Figure 10, may be possibly attributed to inaccuracies in the 

listed wavelengths and the resulting poor match when compar

ing these estimated wavelengths and those of sodium and mer

cury vapour lamps. 

\ 
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Figure 9 

The blue-violet region of the night sky spectrum 

observed at the zenith on 24 April 1978 using a class

ical exposure of 60 minutes. ( plate C- 025) 

.... 





Figure 10 

The red region of the night sky spectrum photo

graphed at the zenith on 20 June 1978 using the Varo 

image tube and a 15 minute exposure. (plate I - 010) 
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THESIS RESULTS AND RECOMMENDATIONS 

In summary of the results of this thesis, the follow

ing facts are noted:-

1. The BGO Atlas provided very good results when class

ifying unknown program stars. For the 11 stars, the assigned 

spectral classes were all within 1 subclass of the accepted 

classifications while 9 out of 11 were assigned the correct 

luminosity class. In general, all the lines and features us

ed by the Abt-Meinel Atlas for classification were visible on 

the BGO plates. Pressure broadening of the Balmer lines was 

observable and provided the primary means of assigning lum

inosity classes to Band A stars. For the later spectral 

types, luminosity discriminating lines and ratios were usea

ble. 

2. The atlas provided acceptable· results when assigning 

classifications using image tube camera plates. The assigned 

spectral types were within J subclasses and the luminosity 

classes were correct for 7 of the 11 stars. 

J. Two noteworthy items concerning the image tube were 

the low gain factor observed in the blue-violet region and 

the distortion of the image tube plate dispersion. The low 

gain of 5 was explained by a combination of falling tube sen

sitivity at the shorter blue-violet wavelengths, a slight 

drop of 0.2 Vin the applied d.c. voltage, and the lower sen

sitivity of the 10Ja-D emulsion with respect to the 10Ja -0 

emulsion which was used for the classical plates. The image 
66 
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tube dispersion was found to vary with the position on the 
0 

photocathode ranging from 65 A/ mm about the outer plate 
0 

edge to 90 A/ mm at the photocathode center. 

4. The night sky spectrum in Halifax was examined over 
0 0 

the region from 3900 A to 6000 A. Mercury vapour and sodium 

(high and low pressure) lamps were found responsible for 

most of the light pollution. 

A review of the ~ajor recommendations follows:-

1. To eliminate the difficulties experienced with ex

posure times, realuminizing of the primary mirror and re

placement of the BL 280 grating should be considered. 

2. In addition to a new BL 280, a grating blazed at 
0 

4000 A should be obtained for testing with the image tube 

system. 

J. To ensure a more steady power supply for the image 

tube, the batteries should be replaced with a controllable 

power pack. 

4. To improve the classification capacity of the BG0 

Atlas, those gaps noted in Chapter 5 must be filled with 

suitable MK standards. The atlas must also be strengthened 

with a sequence of super giant stars 

5. A classification atlas for the image tube should 

also be produced. 
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APPENDIX A 

COMPARISON LINE IDENTIFICATION AND 

HARTMAN CURVE CONSTRUCTION - CLASSICAL CAMERA 

0 

i) Blue - Violet Region ( ~< 4600 A) 

Using the measured line positions (X) obtained from 

spectrum #12 of focus plate C.T #7, and using the compar

ison lines #1, 15b, and 20 as the reference points of 

6~ = o.o, the Hartman Dispersion Equation for these lines 

takes the following forms 

for line 11 ' 4510.73 = 'lo + C 
30.463 - .Xo 

for line 15b; 4200.68 = >-o + C 
34.145 - Xo 

for line 20; 3948.98 = >-o ' + C 
37 .145 - Xo 

Solving these three equations gives the following solution:-
" I 105 

0 

>-o = - 1.4959526 A 

i 108 • 
C = 2.814598 A mm·. 

XO = - 1795.941 m.m. 

Using these values, the Hartman equation becomes:-

)-.~ = - 1.4959526 x 105 + 

A1 

,, 

2.814598 x 108 
(X + 1795.941) 

, 
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Figure A1 
0 

Hartman curve for the blue-violet region (3950 A -
0 

4525 A). The curve was constructed from the 6} and ~LA~ 

values shown in Table A1. 
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0 

· ii) Red Region ( )- > 5000 A) 

,. , ,-' 

With the measured X values from spectrum 9 of focus 

A4 

test plate C. T #6, and using lines# 3, 19, and 38 as the 

reference lines of ~~ = 0.0, the Hartman Dispersion Equation 

for these three lines takes the following forms:-

for line 31 5400.36 = ~o + C 

41.160 - Xo 

for line 19; 5944.83 = '>-o + C 

34.672 - Xo 

for line 38; 6506.53 = )-0 + C 

27.989 - Xo 

Solving these three equations gives:-

X 105 
0 

>-o = - 7.1122897 A 

6 .124292. X 109 
0 

C = A mm. 

Xo = - 8504.809 mm. 

With these three values, the Hartman equation becomes:-

)-.H = -7.1122897 X 105 + 6.124292 X 109 
X + 8504. 809 _ 

/ 
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Figure A.2 
0 

Hartman curve for the red region (5400 A - 6525 

The curve was constructed from the 6.),. and ),.'-R~ values 

listed in Table A.2. 

I 

0 

A). 

'\ 



I I 
. ~ 

J :t" t 
.. t> 9 t 
0 

0 0 0 
N 

f 0 .. 0 

l> 
>' 

• 

• • 

• 

• :a 0 
0 

•-
• • >' • r • )> 

CD 
• 

• • 
f • 

• 
• 

.• 
• • 

• .. i 
• 

• 
• 

• 
.. f • 

• 

• 
• 



BIBLIOGRAPHY 

Abt, Hl , Meinel, A., Morgan, W.W., Topscott, · J.W., 1968. 
An Atlas of Low Dispersion Grating Stellar Spectra. 

Hoffleit, D. 1964. Catalogue of Bright Stars, Yale University 
Observatory, Third Edition. 

Johnson, H.L., Morgan, W.W. 1953. Ap.J. 111,ill 
Keenan, P.C., McNeil, R.C. 1976. An Atlas of Spectra of the 

Cooler Stars: Types G, K, M, S, and C, Ohio State 
University Press • 

Mook, D.E. 1975, The Spotz Toy Spectrograph at McGraw-Hill 
Observatory, Dartmouth College. 

Morgan, W.W., Keenan, P.C. 1973. Annual Review of Astronomy 
and Astrophysics, Vol. 11, ed. L. Goldberg, p. 29. 

Osterbrook, D.E., Walker, M.F., Koski, A.T. 1976., P.A.S.P. 
.M., ~ 

A7 


