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- " ABSTRACT . . ‘ v

The deSign, conStruction and use of a photo- -
'electrlc photometer utlllzlng dlgltal photon countlng &

technlques 1s descrlbed Some departure from the - “
1

optlcal layout of conventlonal photometers has been'

-made, - based on preVlous experlence with photometers -

L}

“on small telescopes. Reasons are glven for the y

]
selectlon of varlous mechanlcal and electronlc com~-

l. 2]

ponemts angd for thelr arrangement 1n this pa;klcular

'hsystem.g The finished 1nstrumgnt was employed to
Aiobtaln 40 observatlons of the pecullar A-type Varlable .
star HD 124224 (cu VIR) durlng the 10 day perlod .
March 21 3%/)1975 at. hltt Peak ‘Arizona. The llght
curVes of thls star 1n the natural uvby system of the X
sphotometer are presented and transformatlons to the
standard uvby system ake derlved | The star appearsw
essentlally unchanged 51nce,f1rst observed for llght
~var1at10ns in 1955 In operatloq)the photometer

e :
.proved to be mechanlcally stable and convenlent to use.

LR




ac KNOWLEDGEMENTS
o | ' "
It is my pleasure to express my gratitude to. the
many-persons who a551sted mg in the work of the prOJect

)

and the ertlng of this thesisy~ My supervisor Dr. D. P

’ -

%

~Hube suggested the pro;ect ‘assisted in' the design of

the photometer and, carefully read and corrected the.
' -~ B . ’ . :
» . . .
: manuifript. 'His generOus provision of funds allowed N

. ‘me to travel to Toronto 1n 192@/and to Kltt Reak in’

'1975 Both trlps prov1ded 1nvaluable eXperlence in.

Y

astronomy in general dnd photometry in partlcular. To

L

the techn1c1ans who worked S0’ hard in the productlon‘

»1of the apparatus I am,espec1ally grateful Mr. E A,

_Foster dld‘&he mechanlcal WOrk w1th hlS usual excellence,

’ Wayne Sherrard persevered through my cohtlnually addlng,w>

to the lnterfaée whlle Lt was under constructlon and ¢ - .
i q
-John wOolhy patlently performed hundréds of connectlons.

v { S
in the assembly of the electronlcs.‘ Durlng the observ-'

1

'1ng session Dr. J. Wlnzer klndly'lntroduced me to the

hnlques of dlffereptlal photometéy a‘d the reductloni s

':'.of data.: Flnally I w1sh to thank my w1fe Kerrle forf

‘ !

‘f'fher patle durlng the late nlghts and her SUPPort J}‘.
%e entlre prOJect

‘,througho




\» - - .
TABLE OF CONTENTS

CHAPTER -1 INTRODUCTION 3 .o . | 1.
1.1 >Histofy of Phbtoﬁétry A e 1

1.2 Photoelectrlc‘?hotometers » ) -4

' l;j -S1gnal Handllng in Photometry .. 5

CHAPTER 2 THE MLCHANICAL DESIGN S ; IR iéii
2.1 'De51gn Crlterla .._‘f- : 3 S  i *lOi
2,2 Optlcal DESlgng B f-_'s i»' f“" "‘_ 11 '1
2.3 The Illumination éystem o  ?, o :1% ‘A

g_;2.4"The FllterlSystem T i_. ° .-  :   v   .h 16; V':

- 2;5':The Dlaphragms ;'-;._\". I .‘" .20;

>.'CHA?TER.3“5THE‘ELEQTR6NICZDESIGN :  1,1';{j.J: S

| "3;i' Choice éfucoﬁpﬁneﬁééf . " ,' ‘. o tf‘él‘ -

:'3:2  hoice of the’zgotomultlpller i_. ._[v ‘ 23'f::
5,3'.The Llectronlc Interface R H"L, »;?EZg,ln

';QHA?TERQQ ‘ HE - OBSERVATIONS ,

| . 4;1f The Test Observ1ng Prgéram:

L s Yoo “:ﬁy :'7f'
“v"4,2 'Ap Varlable Stars ;4 L “

 "f4.3 lThe Star HD 124224 ;-Ja--w";fhﬁxj;:".\ »38'.r:.
SR ‘ TN e
'4,4' Observatlonal Technlques-'-i;‘g”i’ e A

oaus Observ g Pfocedu;@ N [

Ai 4,6 Data Reductlons_]fiiA7j]«ﬁshA fﬁV },~L:_ﬁ4é?{j v

Cwit o



?

.
-

"CHAPTER‘S

CHAPTER 4

4.7 Extinction Cotréctisns'
h4.8 The Light CurVes‘ .
..£.9 The 8ilicon Line Photometry
A.4.16 Transformatlons to\the Standard
S uvby Photometrlc System

.4.11 Conclusions from the Test Observ1ng

‘_P

Cd

x "

4'5.3_;Future Improzizgnt of the System

" APPENDIX 2

\

4

- *BIBLIOGRAPHY - ..

(cont'd)

rogram .

_//‘

The{UhréauCéd'Datat'“

\

LI

L~

-

PHOTON COUNTING PRACTICE
.5,2-'1he ngh,Voltage Fllter

'APPLNDIX l Operatlng Instructlons for the
Phqton Countlng System

w’

&)

*5.1 -Optlmlzlng the Performance of the o
. Photon Cpuntlng §/§tem

U

56

. 62;

o

42

45

55

72
s

78

g

69



LIST OF TABLES

‘Photomultiplier Specifications
Bxtinction Coefficients |
| | ‘

" observational Results

'+ . Transformation Data

Transformation ‘Coefficients

- The Unreduced Data .. . = 5 -

<

'-'Page.«

h‘Vﬁgq;.

43

16

58
59

; -751



B Linear Phbtometef

_Illumlnation‘Systen Cirouit Diagram'

'Electronlc Block Dlagram

 LIST OF FIGURES

,-Folded'PhotOmeter' P

‘Folded Centred Photometer o

The Photometer o

& ) ‘.c

Plastlc Foarm - Spacers in the’ Fllter

:System

. The Ortec Rack Contalnlng the Ortec_
-Modules and the Prlnter Interface

ERF

Cathode Response Curves W

The Remote Control Box

The Remote Dlgltal DlspLQy

’t;Au Vs Phase
Av vs'Phase .- &

b vs:-Phase .

Ay’Vs Phase‘\

'[,Dark Sllde for the Fllter Wheel Change

b‘ifOutput of EMI 95028 Photamultlpller*}ﬁ

-

"_?The Pulse Dlscrlmlnatlon Process

o

;"?Optlmlzrng the Dlscr;mlnator Threshold

’)~}

R

.' (/ :

.22

| Page

13

3

14 -

17

dzavti
o
a9

. &

25

1 2

S50

61
aéstg_

’ ..’ 51 . ‘- ‘ . ,’
52
53

BRI

“?67_3."
séfsi |

-“thhe ngh Voltage Fllter j':;"f;if?Tu5{§f701_aff



‘C‘HA\PTER' i
L INTRQDUCTION S,

«,,‘ . . r

1.1 History'ol'Photometry ;

:]' The apparent brlghtness of a- star 1s one of the

most fundamental plecés of astronomlcal data. Thls
‘ quantlty was flrst 1nvest1gated by Hlpparchus.around -i,

the year 130 BC He clas31f1ed stars accordrng to a

s

kscale of v1sual brlghtness whlch was to form the ba51s
. _

of ‘the. magnltude scale 1n use today.v It was not untll

‘twenty centurles later that hls naked eye estlmates of

. star brlghtneSSes were replaced by more accuratev h

measures._ In the last half of the nlneteenth century,

-

V1Jual photometers were dev1sed Wthh worked .on the :.3

',prlnc1ple of comparlng the star 1n questlon to an

7“art1f1c1al star. The brlghtness of thls artrficxal

"star could be adjusted on a callbrated scale untll the

: ftwo stars appeared.equally brlght to the observer.‘

: ?ﬂThe brlﬁhtness of the unknown star could then be mea—‘

-

f_isured fromuthe scale. The aCCuracy of thls method &as’

f'obVLOUSly llmlted by the v151on of the operator, and

?;,the results obtalned by dlfferent operators d1d not

& l

Qf}.agree well ‘ihls was partlcularly-true when the star

o

Eto be measured was not the’same colour as the artlflclal

" ]fone. S |

e,



.~

'Seares at Mt Wllson between 1914 and l922 to estabdlsh

'=cult There were other llmltatlons 1mposed on the o

",gand/the dlfflcultles assoCrated W1th malntalnlng

a

. Around the turn of the captury, vrsual photometry

Awas supplemented by photographlq photometry Phis was

e
based on the relatlonshlp between the brlghtness of a

&

» " o
star and the size and denslty of’ ltS 1mage on a photo- N
graphlc plate Thls‘method had the advantage that

large numbers of stars could be reCOrded w1th one

4

exposure fcr later' enaly51s., Thls p"operty made the

‘fphotographlc technlque partrCularly useful in perform¥

vlng sur&eys of star magnltudes, and it was employed by

/

a llst of 152 stars near the north celestlal pole (the';

."North Polar Sequence"‘ whose magnitudes were to serve

" as standards for the}callbratlon of the magnltudes

measured at other obsegvatorles Such callbratlons '

' were necessary because the Optlcal aberratlons (astlg—

/

‘-‘matlsm, coma,betc ) produced by each telescope 1nfluenced .

the measured photographlc magnltudes, maklng the compara-.'

N\

,sﬂson of results from dlfferent telescopes rather dlffl-Jbi

&

o accuracy of the photographlc technlqug These rESUlted e

‘from the/honllnear response of the blacktnlng of photo-i

A

graph c materlal when exposed to extreme llght leVels, :

-

',exactly equlvalent condltlons durlng t'e exposure and

Z./ ” . e

.fproce351ng of every plate._4

1

¢

RV
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. ‘ * .
Durlng the same tlme perlod attempts_&ere belng
made to measure the brlghtness of stars by”means of.a
photoelectrlc cell (Stebblns l907) These had the
V\advantage that thelphotozell current was llnearly

©

. related to the flux of llght “over a wide range,
. maklng the procesg of data analy51s much 31mplerlthan
1n the photographlc method -However, the‘flrst dev1ces
h used had such low sen51t1v1ty,that the1; use was res- lf;
trlcted to the brlghtest stars The most 1mportant
. development in photoelectrlc cells. for photometry was
"» the 1ntroductlon of a hlgh galn current ampllfler stage
hav1ng the form of a serles of ele tron em1351ve sur— ‘
faces.' Thys electrontgultlpller was housed 1n the
) same'evacuated glass envelope as, the pﬁbtqem1551ve cell
nd the entlre deV1dh*was called a "photomultlpller
‘tube“: Around 1%50 a very successful form of such a.;‘;'
tube was produced by 'RCA hav1ng the mddel number 1P21 PN
ThlS tube had" such hlgh sen51t1V1ty and lor noise that
‘-.lt.qulckly b%came a. standard component of;ﬁ?ﬁronomlcal‘n
y:.photometers.\ Johnson and Morgan (1953) used thls tube y;f
l,f- ;hen,deflnlng the flrst standard three colour photo—f
‘ metrlc system (the UBV system)(and 1t has remalned 1n }

\ Y

w1deSpread use 51nce that tlme. In,modern photometers

3 thls tube is sometlmes replaced by newer dev1ces hav1ng‘ PN

more 1deal characterlstlcs (hlgher sen81t1v1ty or lowerf'"
: ~

n01se),,and,the standard three colour fllter set of

'1 o PP NS SIS
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-

-conjunctlon withy other fllter sets designed for'

special purposesm s
- - -
- .

1.2 Photgelectric Photometers

Y.

Thg pr1n01ples of operatlon of a phot521ectr1c

photometer are qulée 51mple. An - 1mage of the star in
questlon 1s formed by the telescope objectlve on ‘the
surface of an opaque plate which 1is plerced by a small‘

hole,'called the dlaphragm Thls-openlng permlts only

<@

‘the light of the de31red star to reach the.phdtomulti—
pller, ellmlnatlng the llght from any nearby stars,

,and most of the background llght of the sky 1tself
o
Slnce the em1551v1ty of the photocathode may vary w1th? ”

p051t10n across ltS surface, 1t 1s necessary to ensure

‘that motlon'of.the*star 1mage w1th1n_the dlaphragm does
.

qnot cause the starllght to strlke dlfferent parts of

ythe cathpde as thlS would produce apparent changes in
Q.‘. “

the 1ntemsity which are not reals ThlS is prevented
"by means of.arlens, flrst employed by M Ch Fabry of

‘.the Parls Academy of Sclence 1n 1934 The Fabry lens
'1s used to form an, 1mage of the telescope ob]ectlve on .

~
~

Johnson ghd MOrgan is often replaéed by, or. used in - S

e\

""the photocathode surface.“ ThlS 1mage fllls most Of the JQ

'and 1s ylrtually flxed in p051t10n for any 1ocatlon of

Q g X
et . : S . . o j,a:

. [N N
”javallable cathode area to prevent saturatlon effects Ce



]

o

the star‘image within the diaphragm; In this way the
measured:intenéityvis made independent of any wander
ot the star image due to faulty tracking of the tele-
ecope. o | _— | |

& .

‘'The location‘of the star of intertst requires
that.viewing\eYep;eces be introduced intc.theuoptical
path, “a wide angle Q%E’Eh front of the diaphragm for
coarse positioning of the'star and a;high magnificatio

one after it for exact centering of the 1mage in the

M

diaphragm. In additlon, 1t must Be p0351ble to place

filters between the Fabry - lens and cathode and to °

select any one of-several sizes of diaphragm.hole(,

-V

The ways in %hich these requirements have been met in N~ .

the .design of this photometer are out&ined in the

following chapter. u : - - o

1.3 sSignal Handling in Photometry

-that the current pulses produced by photon 1mpacts

’the cathode were rntegrated over tlme w1thout any

. In‘concluding-this introduction, a brief descrip~»—

‘tion of recent changﬁs in the s1gnal handling technlques

I .
used in astronomlcal photometry is in order When

-« L

photomultiplier tubes were first 1ntroduced the_51gnal

current was treated in an analog e fashion.‘_Thi

“selection process belng applied : USUally the output

'.‘mﬁ-&

C g

&«
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\ current Pulses were passed through a large re51stor

and the resultant- fluctuatlng voltage appearing
' ™
across this re51stor was fed ‘to an 1ntegrat1ng ampll-

1Y
fler. The resultlng output. VOltage ‘was recorded by
P)

means of a printing dlgltal voltmeter, chart recorder
.or 51mllar device. . -One dlsadvantage of thlS technlque
is - that photomultlpllers produce spurlous output , |
'pulses (nolse) due to thermal em§551on of electrons
from: the stages in the electron multlpller (the

Q
‘dynodes) , The analogue technlque has no means of

-

separatlng these nolse pulses from those pulses ori-

glnatlng from photons strlklng the cathode In[addition,

treatlng the 1nten31ty signal a .an analogue voltage_'

makes the output crltlcally d endent on factors such
.as the res1stance \E)the 51gnal res1stor and th 'n
*’5?'the 1ntegrat1ng ampllfler Slnoe these quantltles
can change w1th the age of the electronlc oomponents
1nvolved and the amblent temperature, an analogue
uphotometry system has poor long term stablllty of. out—
.put. . | | o
| An alternatlve s1gnal handllng technlque whlch 1s.
becomlng 1ncrea51ngly popular is the dlgltal photon
__countlng process In th1s technlque, a hlgh galn, w1de_t”
: bandw1dth current ampllfler is’ used to ampllfy dlrectly |

1the 1nd1v1dual current pulse‘,produced by the photo- h

‘multlpller. These are then sorted accordlng ta o 2



amplitude, and only the largest ones-are fed tova,high
speed electronic counter Since the amount of current‘
. in each pulse depends on the number of dynodes it has l?\»{
P traVersed in the photomultlpller,.thls dlscrlmlnatlon 2SZtu
brocess can be used to- select pulses orlglnatlng at
:the cathode out of a collectlon of pulses of both
- cathode and dynode origin, since. pulses of cathode
origin have the largest amplitude. ‘The discrimination
process glves digital photon countlngeasuperlor'51gnal

to noise ratlo ‘to ghat of analogue photometry In

' addltlon, the digital process has superlor long term

Stablllty 31nce the number of pulseés counted is. 1nde—
| pendent (1n flrst orﬁ?’?lof the ampllfler galn, SO any
change in the galn due to.age or temperature effects |
will not dlrectly change the measured- 1ntensrty of the
starllght | N
It should be noted that to pr%ggce a pulse large
enough to be counted w1th low 1mpedance electronlcsv
(whlch should be used to malntarn hlgh lmmunlty to 1nduced
}*féﬁholse)l the overallgmultlpllcatxon of ‘each. photoelectron
"must be by a factor of ‘the order of 10 There are
"photomultlpllers avallable today wrth galns ‘as large
kvas thlS, but in general they have relatlvely poor long'

_ term stablllty when operated at max1mum galn.‘ In order

to malntaln maxrmum reproduc1b111ty of the results,lthe

.o

‘.

vgaln should not exceed about 106, Thls means that



. further amplification by a factor‘of 10'3 must be‘
supplied by the‘photon countihg electronics.
The use.ofva'broadband“amplrfier with this
high galn value requlres that careful shleldlng of
.the 1nputs be used to prevent the system from res-
dgding to induced signals,‘particularly in the radio
Pfrequency reglon | |
Because the ampllfler and dlscrlmlnator electronlcs
| have~finite bandwidth -and because thevphotomultiplier
output pulses have flnlte w1dth a phgtonvcounting '
System w1ll glve 1ncorrect measurements if excess1vely
‘high count rates are used This happens because the
'system cannot respond to aQsecond pulse fOr a flnlte
tlme (called the "deadtlme") after the arrlval of an
1n1t1al pulse.{ It was thls factor that delayed the use .
of the photon countlng technlque in astronomy untll .
recent years, 31nce only modern SOlld state ampllflers

S

retaln enough bandw1dth at hlgh galns to glve acceptably 4i
.
: small system deadtlmes. For ‘a countlng system w1th
deadtlme 4, the ‘true count rate N can be approx1mated
‘(Evans 1955) by N = n(l+ nd) where n 1s the observed
count rate. A good photon countlng system has: a dead— ,
tlmerf 30 nsec. or less, meanlng that the requlred S,
| correctlon rs less: than one percent for count rates --i'/f

less than 3x 105-counts/sec.' If observatlons of brlght

stars produce count rates hlgher than thlS, the overall



correctlon 1s less than one percent for count rates

fUrther amplification by.a factor of‘lOB;must be

supplied‘by,the photon countlng‘eleCtronics{;
The‘usefof‘a broadband'amplifier with.this

high galn-value requires.that careful-shielding of

the 1nputs be used to prevent the system from res—

'pondlng to 1nduced 51gnals, partlcularly in the radlo

Ey

,frequency reglon. .

Because the ampllfler and dlscrlmlnator electronlcs
have finite bandw1dth ‘and because the photomultlpller ‘
output pulses have flnlte W1dth a photon countlng

system w111 glve 1ncorrect measurements 1f exce551vely

."‘ o

hlgh count rates are: used. Thls happens because the

Qstem cannot respond to a second pulse for a flnlte

.tlme (called the "deadtlme") after the arrlval of an

1n1t1al pulse It was thls factor that delayed the use

fof the photon counting technlque 1n astronomy untll

recent years,_51nce only modern S@lld state ampliflers

9 v

_‘retain. enough bandw1dth at hlgh galns to glve acceptably
;}“small system deadtlmes. For a countlng system W1th

"'o7deadt1me 4, the true COunt rate N ‘can be. approx1mated

(Evans 1955) by N n(l+-nd) where n 1s the observed

“ ©

'count rate.‘ A good photon countlng system has a dead—~-

y[:tlme of 30 nsec or less,tmeanlng that the requlred

”foless than 3 xlos‘counts/sed If observatlons of brlght

.2.'::“-1 . . ‘: :
“‘-»stars produce count rates hlgher than thls,/the overall

N
‘ [




At
R

- system gain should be redueed to-lower.the.Count rate
to an acceptable flgure, as the appllcatlon of the
necessary correctlon to each count is a tedlousbprocessg;
The photometer de51gned and bUllt in thrs prOJect p
f,utrllzes photon countlng data vau181t10n. ‘The selec—
tlon of the approprlate electronlc components for the

system is dlscussed in Chapter 3, and 1n Chapter 4 the

results of an observ1ng program using thton countlng

[N

-

fphotometry are presented



‘ * CHAPTER 2

THE MECHANICAL DESIGN

o o . } 3

2.1 ;Design Criteria
From the general descrlptlon of the functlons oft

a photometer glven in Chapter l, 1t should be apparentpiv ji(

that a. varlety of mechanlcal arrangementslare possible

in the constructlon of a photometerrv In practlce,.thef

de31gn of a photometer for a. partlcular telescope :"

1nvolves a larger number of constralnts than are pre-~

, dlcted by the general theory of operatlon. The purpose

”»of thls chapter is, to show how the flnal deslgn of thlsj

_ photometer arose- out of thé addltlonal requlrements

1mposed 1n thlS case.b

One of the most lmportant con51deratlons for any RS

"auX111ary dev1ce to be mounted onto a small telescope o

’ :

’1s the total mass. Whenever an 1nstrument is: attached

Nl

to a telescope, addltlonal welghts must be added to
8.

'Vﬁu restore the ba*ance of the telescope around both the

, .
decllnatlon and rlght ascen51on axes. L1m1ts are

R 1mposed o?gthe total nass that any 1nstrument and 1ts

Counterwe1 hts may have by the strength of the tele— ,j?v

L"scope mountlng and the ablllty of the electrlc motor

drlves on the axes to operate under the 1ncreased_3;”‘
moment of 1nert1a.n-{¢&y




w

1-¢u1ncorporates a somewhat unotthodox/%?tlc 1 Path 5:T5:{'1j

*more than . 005 1nch and the 1atter two must be -

:v1rtually all of the parts of: the photometer made 1ocally

‘are of duralumlnum metal hfp_ ﬁ:,lzf
H.Q,QH thical'Design .h.
'f';meter must arso-'
;h:hNormally, photometers are arranqu parallel to the
\‘Ttelescope Optlcal ax1s (see flg 2 1) HoweVer, th1s!~f

Q?type of photometer has beensused at thls UnlverSLty 1n

';dlstance of the centLr of mass from the small area of

_ HoweVer, whlle malntalnlng the lowest p0551ble

. mass, the’ photometer must be mechanlcally stable enough

~

' to ensure very solld mountlng of the optlcal components. o

'The centers of - the dlaphragm, Fabry lens and photo-' S

+
cathode should not dev1ate from. the optlcal ax1s by

¥ ]

mounted perpendlcularly to the axls.as,accurately‘as
p0531b1e. These prec1se allgnments‘mustlbe'maintained

;w1th the 1nstrument in any attltude it may asaume’whén

e -

the telescope is- p01nted to Varlous parts of the sky /’A

To aChleVe the best compromlse between strength and mass, ,

bl
.

¢

oL

Lo belné 1nternally stable, a photo-h3»7

very securET—\attached to&the :‘f f'-jf”

telescope. T ensure thlS stablllty our photometer

R

ifthe past (Brown 1968) and-wedhave found that th largen;~;:g;:f

\ ]

o A S “¥/*
:-ycoqtact w1th the telescope makes thls photometer’~gr;r;n




.rj

susceptible’ to flexure. This fleXure“éauses the ‘kif'

’dlaphragm to move w1th respect to the Optlcal ax15
(Tomaszewsk1 1974), changlng the crltlcal allgnment 'Iv{ hL

'of the optlcal components. To av01d thlS problem,'st‘_ :

we 1ncluded a mlrror at a'45° angle'to make the

optical is’ of the photometer perpendisflartto'that g

| ;of the telescope (see flg .2.2).- This keeps the centre
'toE mass of the photometer close to. the telescope and .
.tlhcreases the area of contact for mountlng purposes.'!‘

L To- centre the mass of the photometer about the tele—ah' L'Q:7"lf
.scope axis as much as pos51ble, thls mlrror is made to |
rotate through 180° around the axis. ThlS allows the .

f»fleld v1eW1ng eyeplece to be located on. the opp051te

:»51de of the axis’ from the dlaphragm ahd photomultlpller
(see f1g.,2 3), and also allows thlS rotatlng mlrror.to-i

‘perform the dual functlons of bendlng the Optlcal path

-

'“'and allow1ng the fleld v1ew1ng eyeplece to be inserted

the optlcal path for coarse p051tlon1ng of\the star

ima e.’”a Jafij's S ';‘l‘;fﬂtx**ﬁf_'ff;?";."}f"

"v. T'e 1nsertlon of the dlaphragm v1ewer 1nto the

AN

;f_Lptlcal path lS aCCompllshed by a conventlonal Slldlng _7fl.f'$

xﬁmlrr arrangement (flg. 2 4).' The control for thlslffht"t |
'fﬁmlrror is; de51gned to perform other functlons asso¢1ater17-;h¥;l

~v:fw1th the dlaphragm V1eWLng sequence at the same tlme..gfjw

In or‘ﬁer to centre the staraﬂnage in the dl.aphragm _‘.ﬁit’
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t

is necessary that the edges of. the- openlng be 1llu— ‘@‘

.

mlnated and before a light can®be turned on near the-

dlaphragm,-the photomultiplier must be shielded or it

could be overloaded by the hlgh llght level. - Operatlng a

‘the’ dlaphragm vrewer control 1s thus made - to perform
‘_three functlohﬁ sequentlally They are: :

1)'Movrng the dlaphragm V1ew1ng mirror 1nto place
2) Slldlng a cover over the Fabry lens to prevent

: ' 2 11ght from reachlng the photomultlpller.

'~3)‘Connect1ng thevpower 3% the dlaphragm 1llu—

ror

"mlnator.

Because of the extremely hlgh sen51t1v1ty of

3

fmodern photomultlpllers, the p0531b111ty ex1sts that

’.

_gsome of the red amblent llght used 1n the observatory

3 ”for chart readlng could reglster on the tube output by F e

enterlng the eyepleces of the photometer when they are

: Itnot 1n use. Thls 1s prevented in the case of ‘the fleld L

'Vlerng eyeplece by a baffle tube whlch is sealed _““

"'f_';agalnst enterlng llght by the back of the rotat;ng
flmlrror when lt 1s reflectlng llght towards the dla— ~¥fx'

vfphragm._ In the case of the dlaphragm Vlerng eyeplece, R

o N

15

RN

.f a shleld 1s 1ncluded on the dlaphragm V1ewer shaft whlch"‘

'f,covers the 1n51de of the V1ewer when 1t 1s not 1n use.v

zn These tWO prov131ons seal the photometer agalnst the
S I e

n'V-entry of ambleht llghtr



’"~,?m1n

S A
. . : - N '
2.3 e Illumination System.
v I A
Since it is to be operated in semi

-

-four lamps are{included'in‘the photomefer to help the
‘observer use the COntrolstv-Two,of'th se/illuminate
‘the cross-hair of the field viewin 'yepiece, one
s}ines onﬁthe diaphragm‘a:g “the filtef identi;
flcatlon letters stamped on th Outside ofzthe filtero
"wbeel,. In each caserga llght emitti g%diod. TLED)‘wasf
I -

. . chosen

| w1tHbut t e photomultlpller Sh'eldlng 1de belng in
i‘place/d{er.the Fabry lens.’ Power for the. LED' entersid
;the photometer through a BNC connector at the fleld |
»eyeplece end and the }1ght level can. be adjusted w1th

- a knob located adjacent to thlS connector._ The lamps

Lo

-;,requlre +12 volts DC._ ThlS voltage must not be exceeded

’;Yand the correct polbrlty must be suPplled or’ the dlodes

tlon system 1s shown 1n flg. 2;5{'A

ij2;4ofTheTFilteerystemf?u: -uﬂ‘” : ':_n‘jf
¢T The phoﬂometer has been de51gned w1th a, capa01ty |

fof 51x standard one ghch square photometer fllters.

‘w11g not glve llght - The 01rcu1t dlagram for the 1llu-

16
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3

[rre:

| 3LEDS are -std HPtype dxophr L‘ED !s Fonrchlld
.model FLV 104(norrow beam) |

Frg 2—'}3 Illumination Sys'f'em Circurt D~|.dgrdm R
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fheg -
@ﬁ a linear sllde in order that it be kept as compact as

p§§sible.\'The first wheel made has been stamped with

two filter H, system. The filters are

B
‘cted by rotating the wheel to the- one of six
lﬁeset Cllck stops Mthh brlngs the identification
‘1%%§§£ of the desired filter into view.. AdditiOnal‘
_ Whe:ls‘are to be made up for:other filter systems‘for
thch‘frequeht need is foreseen, and to change'the
photoneter from one system to another'these wheels can
be interchangedlquite easily. Sbecial mention shonld —

vbe .made here of the precautlons taken to preVent fllter
g damage due tovthe cold In the past we have had 1nter—

: “e

ference f1 ters suffer delamlnatlon of the glass layers,

presun = caused by pressure exerted on. thelr edges

when/ the duralumlnum holder contracted at low tempera-

thr S. To prevent thlS unfortunate (and costly) problem

from recurrlng, the fllter wheels ‘use pleces of plastlci
. foam as spacers to allow for dlfferentlal contractlon

of the glass and metal w1thout applylng pressu to the
.’fllters Thexarrangement of spacers is shown {n

‘fiqg. .2.6."
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: \ 4
Top Spacer -
j .

] Side .Sp.dc.e .'rs (4)

Filter

o

| Bo“t._t'o_'m ‘Spacer 3

-8

- . .

L Fl'g’-'Z-.S P“'.OSl;I_C. 'Fokkom‘- Spacers’-";:_nF_n-[t,er System
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2;5' The Diaphragms.

.;~The diaphfaém wheel hae been drilled with five
‘openinés whaose sizes were choseh to\give aqgular
diaﬁeters of 5,.10, 20, 3Q and ‘40 secends of arc
when the photometer is used at the f/lS focﬁs of
‘the 20‘ineh teleScépe. TheSe'afe seleeted“by rotat- .
iﬁéithe wheel te one of five click-stop positiens;
.At-eech_of theee'positione7the anguler size’(in‘ef
.seconds of arc) of the dlaphragm 1n place in the
'optlcal path 1is dlsplayed as a number stamped on the
portlon of the wheel that is VlSlble outs1de the wall

of the photometer._



' CHAPTER 3

THE ELECTRONIC DESIGN: o b

L~

3.1 Choice of Comppnents All B L, _';1
‘vIn addition to the design and construction af

the‘mechanical.and optical parte'of{the photometeffpﬂ

thefproject.involved the.aSSembly.of existing:and,

.newly acqulred electronlc equlpment 1nto a dlgltal

photon countlng system . The new equlpment purchased‘.

for this project was made by Ortec Inc. and 1ncludes

" the followlng dev1ce5° . | |

| Model 93Ql preampllfler '

"Model 451 spectroscopy ampllfler.

lModel 436.dlscr1m1mator | Aeé' _‘ -

~lModel 772»counter." . g A

model' 7l9‘t1mer

..These deV1ces arevmounted in a model 401A modular.’

system rack w1th 1nternal power supply (sqe f1g 3. l)

| The Ortec equlpment was chosen over other.brands for'

ftwo maln reasons.- Flrst 1t has a large range of* .

‘ﬁselectable values of the operatlon parameters. Thel

’l Ltal galn may be varled from 25tto 30 000 the dls—ﬂ

‘crlmlnator threshold voltage from 50 to~500 mv | and the n;

coun d ati o f 8 0 %K/
t 1nterval ux ion rom b l to OO seconds“.ih s

Tyselectlon allows the system to be adapted to a’ w1de

-~

- 4
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;variety?of‘observing programsfand obserying'Cbnditions.

The method of selectlng an operatlng pornt for the

“system from thlS range of paramtters is dlscussed 1n‘,t
Chapter.S. | | -

| '-.?he;seCOndimportant feature'of the Ortecuequip-i'
,menthis its moduiar'desigh;~ The present rack has room o 'hg

',‘rfor several addltlonal modules, so the system can be
.expanded 1n_the future at mlnrmum expense;i For example:i ah_
by”dublicating“the_amp;irier and counterAmodules“this”

{§%£fequipment couid~be7used with'a twohchannel:photometer{"h
‘Another advantage of the modular de51gn 1s that if |
repalrs become necessary only the faulty module need'f

_;cbe returhed to the factory,»and chances are that a e
?replacement could be borrowed from one of the many

4 Ortec systems 1n use 1n the PhYSlCS Department 1f the f

. need was urgent

L -;'3.-2__,_?"c,hol,ifc:e of .t]he”Ehot'o'muit,iblier’,f_,-f. ~ \" R '-’ ’ff'_\.’jf
ﬂ*The photomultlpller used 1s a% EMI 95028 whlch

R x AL s, o
,}_has been selected from a batch offjhese tubes especlallyj;f:;"-

';ﬂTfor use 1n a’ photon countlng systim. ThlS tube lS well

.ULSUlted to the Ortec electromics and has been used by

hV:the Astroth51cs group forthfrjral yéars (1n 6255 form:'fhﬁ"

l“%'hav1ng quartz w1ndow) w1th very saﬂzsfactory results.rt'gﬂff

\\c ThlS tubeels of somewhat more modern de51gn than-the A;fﬁf; ;ff



RCA lPZl and has the advantages of hlgher galn and

: sen51t1V1ty whlle produc1ng less n01se than, the

"standard tube.

/Table 3 1 shows the galn and dark

; current;values for a typlcal-tube of each type when

. operated ‘at the, recommended voltage, and flg._3 2

'shows the spectral response of the. two cathodes (on o

'separately normallzed scales)

Table 3 1

Photomultlpller Spec1f1catlons .

‘|Gain'-

|Sensitivity -

" |Dark current

‘equlvalent

RCA lP21 (at 1 kv)

o2 ><1o6

o 200 amps/lumen fff

5x10 -10

lumen ‘:“:3 5 xlO

EMI 95025 (at 1.7 kv)
Tl 108

5000 ampS/lumen.
~14

B

lumen

———

”‘Alnput

Slnce the cathode response curves are not 1dent1cal,

r‘transformatlons are needed to convert the results

_obtalned w1th the 95028 to those of standard magnlfﬁa\ "7_ R

' systems

'_;was done along w1th the varlable star work to

’;hiﬁﬁé calculatlon of the requlred tran\formatlonS.J

' llh presented 1n Chapter 4

A/@rogram of observatlons of standirj stars };ﬂfdiif’t

allow

These ‘mriw‘
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'{the prev1ous analogue photometry system, to the- print-

'“mounts 1nto the racK occupled by the Ortec modul s of

. the system.

_system. To do thlS, an electronlc 1nterface was

C o ‘;. : e *26\

eleven column'line.printer, which was used as part of

- ing of the results obtalned W1th the photon countlng

o -,

de31gned and bUllt 1nto an Ortec module chass1s whii

"s

a .
’“*.i

R

In the prev1ous analogue system, the prlnter was

/

.used to record the output of a Hewlett—P kard\nodel

.'3440A dlgltal voltmeter 1n flve columns, and that of a<
“dlgltal clock 1n 51x columnsr- For thlS purpose, 1t was
:=fequ1pped Wlth 51x anut C1rcu1t cards‘fgzﬁtﬂe blnary
:coded d801mal (BCD) output of the clock (forma5/¥f%48

'f‘BCD) and 51x»cards, of Wthh only flVe were 1n use,,

"»for the BCD output of the voltmeter (format +1224 BCD)

. .I‘

‘f;a format conver51on 01rcu1t was bullt tO change 5
' dlglts of data fro‘m +l248 to +1224 BCD to permlt us :

Of the ‘Old cards. , Thls CerUZL :

"f81nce the output of the Ortec cﬁﬁ%ter 1s ‘in the +1248

"N}format 1t could not be dlreCtly connected,to the»

C

‘e.fprlnter as the V°1tmeter OutPUt had been.- Slnce flve‘“ Er

more +1248 format cards were prohlbltlvely expen51ve, Jf_;;f

'nd 1ts power,supply N




counter goes dlrec

'.Hby flrst taklng the place of an Ortec 432A prlnt ﬁ;

R controller 1n‘prepar1ng the counter to present 1ts

y 1nto the +l248 cards and is

prlnted in columns through ll

1

 The ‘main purpose of ‘the. prlnter 1nterface is

a data format conversxon made necessary because the

Ortec counter 1s designed to prlnt through an Ortec

_modlfled teletype, one:. character at a tlme, whlle
" the Hewlett Packard prlnter prlnts eleven characters .

.51multaneously. The 1nterface performs thlS converSLOn

R

hdata.- The waveforms necess ry to do thls are:. called

prlnt command" and "start data transfer" in the

o]

, Ortec counter manual (p.?).; It then causes the s1x. '
j,characters to appear 1n turn (1n BCD form) at the four
'_data outputs of ‘the counter by]generatlng six. clock

?pulses (called “prlnt advance"'pulses in the Ortec

counter manual) The 1nterface contalns a, data buffer

’

gconslstlng of 51x sets of four blnary latch reglsters

whlch are connected 1n paraIlel w1th the four data

TR

}q5outputs of he counter. These are enabled 1n turn by

| a blnary Shlft reglster Wthh 1s advanced by the

27 .

prlnt advance _clock pulses (see block dlagram flg.-?,f;ﬁ”jfjj

”ffhjagl?h“f

When the srxth character has been stored, them_.eﬂ.
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’ i‘tand:aﬁ}extéi | of the tlmer s 1nterval" llght

" mechanical operatlon-of the prlnter.

“progect is the prov1sron of remote control over . the

'-butt0n147

' depressed,

- (1abélled

29

latches, and shift register, and awaits the next”signal,

from the Ortec timer that a count interval is over and

‘ a'count is ready‘to be printed‘ "Prlnt advance" pulses
.‘are generated 1n the lnterface at a rate of one:’

"Kllohertz, so the entire 1nterface cycle ‘takes about

10 msec. An addltlonal 160 msec are requlred for the
o, , |

The final phase of the electronic interfaCe

-

,photon counter and remote dlsplay of the data.. ThlS

< ; /

"was made necessary by the dec151on to locate the .

3 photon countlng equlpment and prlnter in a heated

.\._

bulldlng adjacent 3 the telescope dome, rather than

. * >

" in the unheated dome 1tself

The observ r 1q9the dome controls the\photon

CQunteri ; aihand held égntrol box (flg 3 4).V :
Thisfbdﬁg 3 exten81on of the trmer s "start"
;jount") - When thls button ' 1s

1 1nterval of preset duratlon beglns
f °4‘Ez‘

.&

p in progress") is’ provrded to 1nform N

long.the machlne stays 1n the countlngfj‘

overflow") ;iact?vated~wheneVer more than 999 999




Fig 3-4 The R emot 'e*"*'_C Q.'n’tv-.ro'_lv,' Box " 2 '
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events are counted in the preset’interval of time.
" Once this light Comes_oh, it can only be extihguished
.Vhy pushing the button labelled "error", which clears
the overflow condition and prints negative signs in
the data columns (6—11).to ihdicate that the previously
recorded count is ihvalid because of counter overflow.
Afhe "error" button‘may.alSO be used-by’the observer to
Jlndicage\that-the previously recorded count was pef—'
hformed on ah imperfectlyvaligned Star_iﬁage, through
theI;rong fllter,vor is to be 1gnored ‘for any other
reason. Lt should be noted/that the print follows
immediately after"thea"error"ebuttoh is pushed;-there'
1s no- countlng 1nterval delay; ) | L |
The flnal pushbutton (1abelled "fllter )‘is used
in conjunctlon w1th the dlgltal rotary sw1tch below

]

it to make coded notatlons on he prlnted output
Presglng the-"fllter" button causes an 1mmed1ate prlnt
.of neqatlve 51gﬂs in columns 6 through 10 and of the
-number shown on the rotary sw1tch in column ll By~
A‘maklng up hlS own. codlng system, the observer can use
‘thls sw1tch to indicate’ whlch objects are represented |
rfby the varlous counts.appearlng on the pflnted results
4(var1able star comparlson star, sky) ang)whlch fllter.?
_was‘used -w1thout the keeplng of handwrltten notes.~

fhese three pushbuttons and both operatlng

, llghts are dupllcated on the“front\panel of the .




Bty

J" " " ' 0 .~

printer interface to permit operational checks to be
carrled out w1thout numerous trips back and forth
betwctn buildings. They also provide the observer

w1th completely remote Control obSLrv1ng (in one

colour), the duration of whlch 1s llmlted only by the

_tracklng accuracy of the telescope drive.

The count total is displayed on the front of the

‘Ortec counter, and the digital time is spown on the

clock mounted inside the printer. 1In addltlon, both
of these are dlsplayed on.a slave dlgltal readout
mou%ted 1nSlde the. obServatory dome (seelflg 3;5)-,

£,
ThlS 1nformatlon is prov1ded to, allow theuobserver to

monltor the results being reCOrded and check on the

. q;allty of the sky condltlons. The last photon count

'1s rttalned on the dlsplay untll replaced by the next

one, a’ feature whlch allows the 6Eservér to:see qulckJ

ly hLow repeatable the results are by watchlng how many

of. the six columns change when the count is updated

The tlme is dlsplayed in 51x d!glts, tens and

-

_unlts of hours, mlnutes and seconds. The tlme base'

of the clock is the frequenc gf the power llne, wh{c

w1ll malntaln an. accuracy of one or two seconds over

'
-

frequency is adgusted~to malntaln electric clocks with

y\

‘.SUfflClent accuracy for household purposes, the error

.

the longest pos51ble ob;erv1ng se551on. _Although thlsf:.

oh anﬁ glven nlght may be .as- much as a mlnute or more.

. ’ ’ . . R . h . . . T

-
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Fig 3

A}

5 The -Rehﬁdté ‘_Dilglp’ti'al‘ Dnsplay ) o



For this reason the clock should be ‘set té6 a radio

‘time signal (CHU or WWV) at the start of each night

‘ iof obsérving;

34



CHAPTER 4

'THQ OBSERVATIONSr

4 l " The Test Observ1ng Program

' The photometer de51gned in thlS prOJect w1ll bef
,used on. the 20~ 1nch telescope now under constructlon
'ito replace the ex1st1ng 12- lnch 1nstrument located at
the’ Unlver51ty of Alberta Observatory near Devon,
‘Alberta.. However, 51nce thls telescope w1ll not- be
- in operatlon before 1976 another telescope of sultable:.
'>51ze and focal ratlo had to be fOUnd for use in the
‘1n1t1al testlng of the photometer.,p ”’-y N
Observ1ng tlme was avallable on a 16 rnch.tele;
rscope at the Amerlcan Natlonal Observatory fac111ty at
.hltt Peak Ar120na, and the photometer was qulte ea51ly:f
‘adaptagle to belng mounted on thls telescope, 'so. 1t wasr;
..chosen for the testlng. A program of observatlons of |

b‘the pecullar A type varlable HD 124224 (CU VIR) was'A'

ycarrled out between March 21 and 30, 1975 for thls
_purpose,‘ | =

\
A

.'4 2 AD7Var1abIe StarsA
. »_\ S

The stars de51gnated as class Ap were flrst re—»ﬁ;fﬂ?“'

hajcognlzed durlng the complllng of the Henry Draper ;,T:w.

'Catalogue of stellar spectra between l9ll and 1915 byf{_QT{i:




the astronomers of the Harvard College Observatory.

It was dlscovered that a number of stars showed 3
1spectra 31m11ar to stars of the late B and early A

iiclasses, w1th the exceptlon t[at they dlsplayed R

abnormally strong llnes of ce taln elements, cgmmonly

. Hg, Mn, Si, Sr, Cr o6r one of the rare’ earths.u These’

;starslwere put rnto.the,classtp,jthe:subscrlpt-meaning -

:that theisbectra”werelﬁpeculiar"‘-.In subsequent years,hh’tk
- . | .

‘ observatlons of these stars have shown that they have .

-a number of unusual phy51cal characterlstlcs. ff.“

1

The unusually strong spectral llnes that flrst
\

'yfdrew attentlon to the stars‘are 1nd1cat1ve of abnormal
hchemlcal comp051tlon. The elements produc1ng the"y‘.
'A)pecullar llnes 1n a partlcular star may be more abun—fri-

htdant than would be expected in- a normal star of the

2j“same spectral class by a factor of 100 or. more.'f- gi:?‘f}’
Furthermore,,Deutsch'(1947) showed that the pecullar
hlillnes 1n the spectra of some A stars showed perlodlc tf?f;fﬂ*h

4

__varlatlons 1n strength and later (Deutsch 1956) he.f.ﬁ»“.

"h]showed that the perlod of these Spectral varlatlons

was . correlated w1th the w1dths of the llnes, ‘an 1ndxca-*f;i’”1"

"7a[tlon that the apparent changes 1n chemlcal comp051t10n

"»

"fcau51ng the llne strengths tol ary are related 1n some f{fe" e

1)

i‘way to the rotatlon of the star., Durlng thls samehf e

-;fperlod Babcock (1942) 1958) had df}covered that the.

”?spectral llnes of Ap stars showed Zeeman spllttlngs

RN
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| 1nd1cat1ve of large magnetlc flelds; ranglng 1n strength

from a’ few hundred to several thousand gauss._ He also
'Qobserved that in some stars these flelds were perlodl—

A cally varlable.A B ~T. : -\iq | j.. ;'°”;- S
A flnal puzzlrng aspect of the pecullar A‘star |
-:story was the dlscover¥ that most magnetlc Ap stars»
showed overall Varlatlons in. thelr lrght output These
xjwere found to be typlcally a few hundredths of a magnl—;f
Hﬂhtude'ln-amplrtude and to have,the.same;perlod~as‘the‘
spectral varlatlons.i;A . - o
Numerous hypotheses have been Advanced to‘explaln.

'.jthe observed behaV1br of the Ap stars.- Some authorsu~"

' supported surface nuclear reactlons or magnetlc accre—‘_‘f

'"tlon of materlal from space as explanatlons fhr the

' ‘ ‘ ‘. . e ‘ e 'v.
‘[abnormal-comp051tlons. The hypothe31s whlch seems best o

: 'able to account for the ohserved phenomena 1s the obllque]5

"-rotator model In thlS model, the star has a strong

"glnterlor.}

f,;"ted by radlatlon pressure than by gﬁav1tyz(wlchaudl

:'idlpole magnetlc fleld (as large as seVeral kllogauss)

}j,whose ax1$ 1s lncllned to the aXlS of rotatlon., Thls
N %) : :

‘rstrong fleld serves to stablllze the star s atmosphere

51 agalnst convectlon, glVlng suff1c1ent Stablllty for the

”t-the surface i

The elements whlch appear

i‘are those hav1ng the largest»cross sectlons for

S e L e
‘xphoton COlllSlOﬁSwh, These are more strongly affe




fos )
-
.

_These factors comblne to present to the observer a

1 .L;characterlstlc of the reglons of abnormal comp031t10n. et
‘“'Radlatlve flux trapped by these zones of abnormally

u‘hlgh opaelty 1s reradlated at some other wavelength,

?.due to reradlatlon.$ In elther case the star s\brlghtness

:~&f;V151bde face.i*};"v:w

4.3 The Star HD 124224
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C oA,

e

11970) The zones of abnormal comp081tlon are thus

o assoc;ated w1th reglons of max1mum atmospherlc stab1~i

llty, and these are probably near the magnetlc poles. L

~star whose apparent Comp031tlon and magnetlc fleld o

v

strength vary w1th the rotatlonal perlod

The observed varlablllty 1n llght 1s explalned

fln thlS model by the hlgher atmospherlc opac1ty

81nce the absorblng materlal is. heated 1n the process.(_i

-

lffWhen the star is- observedjln a llmlted range Of wave— L

b

;1engths (as through a photometrlc fllter) these patches

":of abnormal abundance can appear elther darker or

-’

'-f;brlghter than the normal parts of the star s Surface,"f” :

Y

"depending qpon whether the anelength band used 1s a

pfreglon of abnormal absorptlon or abnormally hlgh emlsSLOn
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! a8

.51llcon by Deutsch (1952), and later Hardle (1958)
T Qhowed that’ the -star varled ‘in 11ght with the same

perlod as. the spectral vaklatlons. “A N -

Thls star is well SUlted to a brlef test observ- o
tlhé program, slnce 1t has a very short perlod (about
hl3 hours) and shows relatlvely large amplltude llght
;e;varlatlons (0 14 in u). These two propertles are
:iboth de51rable 1f a: good llght curve 1s to be obtalnedivx
‘in.a few nlghts of observatlon In addltlon to photo-ehf
;metry in the uvby system, the observatlons flncluded |

iphotometry w1th 1nterference fllters des1gned to measure;-ffh»fh

the equ1Valent widths off' 7I spectral llnes. From thef;fﬂgﬁ}h

. obllque rotator model we. expect the 5111con 11nes f'"ii

.7ft° ShOW max1mum strengthj:' max1mum llght=351nce the

R L

’-f‘lncreased flux 1n the near ultravlolet and v151b1e

':7}3}reglons of the spectrum.; The fllters used were de51gnedf3A:

uffhﬂflux recelved'through a- narrow fllter (FWHM 109

°”7}?:ce£tered ont.”ii7A7‘ﬁu‘




4 4 Observatlonal Technlques o

a The Kltt Peak #4 16 1nch teleSCope 1s a Bollers

”fﬂand Chlvens 1nstrument w1th a. Cassegraln focal ratloﬂzo‘

0

‘of f/18."'1t 1s equlpped w1th two separate data

- achlSlthD systems for photometry. The‘analoque

flsystem uses a charge 1ntegratlon clrcult withv UtPUﬁ{“;f*

.ﬂ).

H,fv1a chart recorder Or voltmeter, and the photon count-

flng system uses an SSR Instruments*Co model 1120 R
ampllfler—dlscrlmlnator and a model 1108 tlmer and

counter. o / AR

It had been 1ntended that the photon counter be ‘

:t’used throughout the experlment but problems were

S : qel.'\ .
-_encoéntered on the flrst nlght of observlng w1th large"

: “fwas used on that nrght.t Durlng the next day, the larger;:

-Qoﬁ01se counts of unknown orlgln, and the analogue systemw*'j' :

"“n01se counts were traced to nOLSe from the hlgh voltagefiﬁs7ﬂi;d

' ﬁ,supply be1ng 1nduced 1nto an 1mproperly shlelded
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flve ten second counts through each fllter (uvby, Sl
,hw1de, Si narrow) on the comparlson star HD 122408 >
‘(TVIR) and then offset thevtelescope sllghtly and L.

'take one ten second count through each fllter on, the
sky nearby. Thls was followed by a 51mllar set of
.H:-f counts ‘on- the varlable star (CU VIR) and 1ts nelgh—
"'1bour1ng sky. Throughout the observ1ng se551on a

dlaphragm 51ze of 25 arc seconds was used at all tlmes.’
:;Thls cycle of observatlons was . repeated as’ qulckly as
..p0551ble throughout the hours when the stars were hlgh
—fenough in’ the sky that the dlfferentlal alr mass fif;fiﬁ'tmuii}

'between them Was less than O 05 Thls ensured that

Sy

o ;be»correct’to w1th1n 0. 005 lgljbttgrfff*_ :‘trf '&lﬂ““
_n These observatlons were 1nterrupted nlghtly fordhw.
.,Fithe‘observathg of standard stars havrng known magnl‘v:tsf[ ;.5
.i:tudes 1n the uvby system.v Thls work was necessary tol#t
;s;allow the transformatlon of the'derlved\magnltudes toﬁ;fﬁfflﬁ"d

“flﬁmagnltudes 1n the stFndard uvby SYstem of Stromgren

7-',‘;;(1963).; In sectlon 4,10 b;?‘}

'*_3ftfstars 1s glven and the transform fron‘equatlons are

gifllsted along w1thla table of t,e coeff1c1ents result-fjf.”;;“

l-;lng from a llnear least squares f1t of thesf=equatronsf"

'{:7f{to3the data.
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4.6, Data.RéduCtions

- The reductlon of the raw count data 1nto magnl-v,?f'.
‘:'tudes was done by averaglng each set of flve counts,

subtractlng the Sky count taken through the same fllter, L

i “b\‘.l.' .

ffand flndlng the resultlng number in a- table of values

L}

;:of the functlon m —2 5 log (count) + 15 The result—ih_

.~i?1ng magnltudes were shlfted away from the standard R

“VAtg[the overall sen31t1v1ty of the photometrlc syste

‘*fmaqnltudes of each star by constants whlch depend on

w‘a

"ubewever,kln dlfferentlal photometry the- dlfference in- dtfng* .

“-magnltude between the varlable starﬁﬁhd the comparlsonfc?_f

S . - P

”.hTf;star (whlch 1s chosen to be of constant brlghtness) 1s;jq;,ﬁ.’"

'dff;ThlS ‘is done by subtractlng from the measured magnltude

hh5‘1ndependent of th1s constant Y§f§f5f S

2‘4 7 Extlnctlon qigrectlons N
‘.~f: Lhe dlfferentlal magnltudes whlch result from

*"thls proceSs must next be corrected for the effects ofﬁf;ui”fw“

Ky

Lethe pas age of the llght through the Earth% atmOSphere..*"

N

‘s

l?ifofveach star a’ term con51st1ng of a coefflclent times 'flﬂhffg;
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correction equations’have the form:

where'the,f otes corrected magnltudes and

\tﬁe sybsc.i.

x (Hardlefﬂ”

fﬁes observed ones. ‘The air mass
a:_' b I 2
’”unctlon of the zenlth angle of

the star.;f7?

o standard star‘ T it the alr mass at each time of

‘fﬁ observatlon.;eA f g;agp is" drawn for each of the

four colours and_th four slopes glve the coefflclent

A

R SR _ :
i’ .Ku,;K _:-b‘and h;gj B omparlson star T VIR was used

to measure these

’P'resultlng values shoén in Table 4 l ‘L'obfufy“
T , 0 v, ),\j .~ Tab]_e 4 1

Extlnctlon Coefflcments

Kltt Peak

ste, ""212/-212" -2}13'/-2:4;24’/?25' 28/2525/30 Avg {cravtora)

: ( rch‘75)

| cOeff1C1ems.]ﬁZT{:;;f§'f[;jefgﬁi;Ljﬁjﬁj,fﬁ*jiﬂﬁf;;QJ;f ERE R
Co2n | ao e s |y (las | 218 ot
R LT B R T T 219 BSs0

BN

3“*%’}xﬂvééki
"<f'Ufj<s;§£
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-'The last column shows the long term average values for
Kltt Peak derlved by Crawford and Barnes (1970).‘ When

«

comparlng these results it should be noted that most
: /
observatlpns have a dlfferentlal alr mass of O‘Ol or

'less, 580 a changé@%ﬁ the coeff1c1ents as large as oo
0.1 changes the Caldulated result by onIy 0.001 ma;?-
nltude. ThlS means that thé changes in the coefflclents
'caused by nlght to nlght varlatlons of the sky condltlons
_do not’ sxgnlflcantly affect the accuracy of the results.
'e_The table of coefflclents glves an agprox1mate measure

of the atmospherlc transparency on the flve nlghts of

'observatlon. It shows that only March 24 25 had'trans—-

"_-parency better than average, ‘as . shown by extlnctlon

"~-calculated for each star 1s thus 1ndependent of

.*f]681 = ASl(Cu)w ASl(T) 1s uherefore also 1ndependent of

‘ coefflclents smaller than Crawford's average values for v
_ T ‘ .va' e_" Ry . R o >‘A R P
.~K:Ltt Peak o _ R TRe Lol

e v ¢ ' Sy LU o e

: No extlnctlon correctlohs wdre calculated for

I

tﬁz 5111con photometry.- The tlme between observatlons

3

. A
;through the w1de and narrow fllters was usually less

-.-: ¢

“gfthan one mlnute, a short enough 1nterval to pegmlt the:”

Lo e ,p

,vassumptlon that the alr mass ‘was. the samé.-or both

o
.

- *

observatlons.. The 51llcon 1ndex ASl (Sl .owfﬂsﬁwiﬁe’

naf

N

V- ".A«

_iatmosphenlc extlnctlon and the dlfferentlal 1ndex

: ¥
Y

N e 5

'J’“extlnctlon effects,'and no correct“'n is. requlred
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4.8 'he Light Curves v

" In order that the results of observations maae
on succes51ve nights: could be compared each.tlme.of
observatlon in Jullan days (JD) was converted to 4 .
phase of the cycle of light varlatlon | ThlS was done'
h»u51ng the ephemerls publlshed by Deutsch (1952) for

the maximum strength of the llnes of He I

' i - , S , : :
Ho. Iy —‘JD,2434144,05 +'0,52067 dey :

The results of flve nlghts of observatlon are shown
in Table 4.2, The-tabulated magnltude,dlfferences
' - 5 - L } ¢ }

areideflned as:

o 1~Au T ucu T Ug
=y, v
" Ab =b . ~b

. GSl ._" = i
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\ v
Table 4.2
Observational Results
pate |, ID Phase| fu | & s | §Si
(2440000+) : AV Y
. . Y . ‘ -. .
March | 2493.880 J.704 |-.304 |.472 [.632% | .752%| -.003
21/22 |- ~ | | A - -
- 916 [.773 {-.276* | .471 |.613 | .701%| -.014
) .950 7| .838 [-.323 |.475 |.608 | .734 | -.008
2494.019 |.971 [-.300 {.496%|.621 | .749. | -.021
] - ' _ . .
March | 2495.787 |.366 |[-=:158 |.521 |.668 | .784 |.-.005
| .80z [.3957|-.172 |.518 |.658 | .779 | -.007
.816 |.422 |-.131%| .510 |.644 | .273 | .0l2
830 |.449.|-.193 | .506 | .639 | .752
. A Y , - o
.862 |.510 "|-.228 | :484 |.627 | .762
.897 |.577 [-.266 |.468 |.617 | .751 s ,007
%940 |.660 [-.308 [.,458 |.594 | .719%| 002
994 |.764 1-.318 | .467 {.609 | .719 | .007"
7 , : |
~|March | 2496.802. | .316 |-.163. .529 {.667 | .785 | ~.003 |
|- 843 |.394 [-:184 | 502 |.656 | .781 | .002
858 [.423 |-.204°|.500|.638 | .765 | .006
.891 [.487 [-.228-|.485 | .611% | .747 |  .002
. %910 |.523 [-.237 }.474 |.616 | .746 -| .019
945 |.590 |-.262 | .463 | .00 | .735 | o021
.977.| 1652 |-.277 | .465 | .603 f.7§5 " L017 .|



Table 4.2 (cont'd)

Date’

D
(2440000+)

Phase

Au

| Av

Ab

by

8Si

March
28/29

March
29/30

N

2498.767

777
- .798

- 819
.830

.843

.769

0778

..813
.821.
. 829

.839

. .866
876

R}

.787 .
.807
2499.748

- .804

©..857

}890:

:899 |

.089
108
.127

.149

L1775

L2108

- .014

.031

1,099
114
©.129

-~

. 148

220

166 |

| .235

974,

081

183 |

| L2001

-.285

-.255

- =275

-.273

-.250

- =.250 4

~.283
~.273
293 |
-.287
-.273
-.280
. -.267
251
241
0| -.244
‘,24§;A'—,?32
' -.195 )

. 487

.483

.495

. 495

.496
.490
.505

.521

.509 ..

;467*
.. 491*
;477J
;490

495

.506-
500
;502
,5;5

510

.520 "

}516

619
.637
616
.638

.581*

1.622%

662
642
611
617

.613

617

634 -

.629.

.626

.632

;637 |

L672%

.650

661

.750
.755
771+
.764
. 755

.747

t 778

173

731

| .734

.752%

1 .743 |

.746
.741
. 745

- . 759

;74875_‘
763 |
L7630

769 |

.264°

| .643%

|..767

47



"l:at longer wavelengths.

48
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It will be noted that 51llcon observatlons are
available for ‘the flrst three nights only A prellm—
1nary examlnatlon of the data on March 25" showed that .
_the slllcon photometry'was not prOviding the data that
had.been anticipated for reasons discussed in section
4.9 below. For thlS reason the 5111con progran was -

B dlscontlnued in favor of a, more complete coverage of
'the\llght curve Ain the conventlonal four colour photo—'
. metry. _ A I; ' | : :

The data in Table 4. 2 are plotted in flgs. 4.if
.through 4.5, Examlnlng these llght curves we can seei
‘_ that as would be expected in the obllque rotatlon |

theory,  the max1mum amplltude of llght varlatlon lS'v
observed in the ultrav1olet . The far ultrav1olet
:radlatlon of deep, hot layers of the star is trapped
,by the opac1ty of the abnormally abundant 51llcon 1n
the star S atmosphere.' The atmosphere then reradlates
'thlS energy w1th a wavelength dlstrlbutlon correspondlngl

to 1ts own blackbody temperature, haV1ng maX1mum em1551on' _[~

.in the near ultrav1oiet reglon and decrea51ng em1s31on
y,

A comparlson of these results to those of Hardle‘iA

(l958) shows that the phase of mlnlmum llght has been
; delayed by about 0 30 P in the’ 20 yearS°51nce hlS j”

observatlons 1n 1955 ThlS means that the perlod 1s ~fﬁ,;"

'Elactually longer than the O 52067 day publlshed by



49

0L

asoug

60 80

i

(]

 x 0g/6z YouDW
e BZ/8Z Youppy

o 62/¥Z Yo4Dpy

4+ YZ[ET Y2uDW
+  2Z/1T Yo10W

.“\,"




50

» -

 esoyd A AV zp 64

sy i . . .. - el - HRAESAE U

e




517

© esoud s 49 €y Bl




52




53




54

Deutsch (and used in Hardle s calculatlons) by about
1. l.-O 2 xlO -> day and should be glven as O 52068+ 2
‘hx ldté*day Observatlons of thlS star made by Blagco
and Catalano (1971) have ylelded a 51mllar correctlon_ﬁ-s
R v i
t;to Deutsch's value for the perlod Other observatlons v

.‘by Wlnzer (1974) show a. phase def;y of +0 26 P 1nd1—h;¥_*i'“1

v;-’t:catlng that the delay found 1n 1975 lS 1ndeed j> 30 P
e‘rather than -0 70 P +l 30 P or some other value.ifgy”d

_ . The four colour photometry data show a. scattenm

thof about +0 005 magnltude wlth the occa31onal p01nt

' -2 dev1at1ng from the trend by almost tW1ce thls amount
ffThls amount of scattertls somewhat larger than JS hanJE:;ﬂnff

1eﬂinormal 1n good dlfferentlal photometry, but as.Table ;

S
-

iy4 1 shows, the sky condltlons durlng the observ1ng S
~-;s‘e‘ssuan were below\average for thls srte.v The deVLa~J#§f?ie;3
'tlon of a few p01nts from the curves by as much as {f}l;df{ gf
;fyo Ol magnltude 1s not surprlslng 1n Vlew Qf the presence“hyt7h'

_fjof some atmospherlc haze and hlgh clrrus d}ouds on some ?ﬂ,éfﬂﬁ

:nlghts ifDurlng thelr passage 1n front of the star, these




Ny ’theJSignal count, cau31ng an uncertalnty 1n ‘the measured

- of’ the data and have been omltted from the llght curves.'

'-»;oflthe dlSk of the star 1mage belng obscured by the

%};'4 9 The SlllCOn Llne Photometry

'errors made durlng the observatlons.' The most common
X

;error of thlS type 1s the loss of 31gnal due to part

_ dlaphragm durlng the count 1nterval. Slnce the star

.'1mages were about lO arc seconds 1n dlameter and the -

'htlvely small tracklng error durlng the count 1nterval

:could cause -some 11ght loss. faj»,;ir{ “vti.;fk

f'magnltudes as, large as 0 01 (2% of a dlfferentlal magnl-

tude of 0.5).

Certain*of the tabulated points are marked w1th

han asterlsk (*). These dev1ate strongly from the trend

These p01nts are thought to be the result of procedural/'

vdlaphragm used was only 25 arc seconds across, a rela-[l”°

)l‘.

" The reSults of the 5111con photometry are shown o
- in Flg.o4.5; The scatter in these data 1s tw1ce as ff;”'

jlarge as 1n the prev1ous curves, 51nce each polnt

"~<;represent§ the dlfterence between two experlmentally

55 ..

igdetermlned dlfferentlaljmégnltudes.: The dlfferentralf;f?l3=7”'

:h81llcon 1ndex should measure the equlvalénffw1dth§ of\lﬂ_mf'




. o \\hl };

The problem here‘elmost\certalnly lies in the
_pch01ce of the bandw1dth of the narrow fllter.p_In R '
,the 1deal case, thlS fllter should pass just the wave- A-'"’i
lengths of the llnes in questlon and none of the |
unde31red contlnuum . However, a llmlt 1s 1mposed on"

g the mlnlmum usable bandw1dth by the lowest acoeptable{
. 51gnal level and as the fllter system uSed here was -
'.de51gned for use: w1th small telescopes,a value of 10-3

'VFWHM was: chosen.. Unfortunately, the SlllC n lines in .. . .~
_iquestlon.are gulte&narrow Under the condltlons-found-gg- /k

' in the atmospheres of: Ap stars, they have equlvalent ~';hf {*'

-‘__W1dths of A few tenths of an angstrom each Thls.means

Athat ‘a change from Zero to maxlmum w1dth of these llnesj '
i'would decrease the 31gnal recelved through the'narrow
'fllter by only a’ few percent and the llne Varlatlon e

]

f,ls hidden by the sjatter 1n the data, Wthh 1s of f'\

'approx1mate1y the same 51ze._ From thlS 1t seems clear T
' - . .

1’\

- that successful llne photometry on narrow spectral fea—

'jftures 1s practlcal only w1th telescopes large enough

'fpto prov1de usable 51gnal levels through a fllter llttle

'Z?wlder than the feature of lnterest {5777

"d‘An exten51vefllst of observatlons of St ndard

stars for the be system lS glven by:Crawford 'nd




®
A e : 5 : . o f
Barnes (1970). The data ‘are given in terms of the

colour 1ndex (b y) and the two colour dlfferences

l (v— )* (b y) and cl = (u v) (v=b). In order

o calculate the set of transformatlons that are

required to convert the results obtalned W1th a glven b

| fll“ter set and photomultlpller ‘to- those that would be

. ,1 .
v"obtalned Wlth Crawford's systgm, the photometer in
. ! AJ

guesﬁlon 1s used to obtaln observatlons of’ some of

‘ the standard stars. The equatlons wthh reduce the -
'7'results of these observatlons to those obtalned w1th

) £

”‘.“Crawford s,systemvare,the;neeessary_transﬁormatlon

‘.v',.r

equatlons.'

f{7ﬁ; PrOV1ded that the spectral charatterlstlcs of "
| %he‘fllters and photomultlpller used are reaSOnably
‘h‘lélmglar to those of Crawford's system, the transfofma—

i ‘tlons w1ll be llnear and have the form

fv =y (‘ob_si) ¥, A+ B“"?*Y )7

{n beyﬁ'é‘c + D(b y)(obs)

.\;'
= E +- F m (obs) + J(b-y)

.57
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. in this case,'the observed values werejobtained \
:oy'averaging the results of ooservingtﬁe'stars\o Boo
(HD 128167) Y Ser UH)£42860), 78 .U Ma (HD ll3l39)
' and 80 U Ma‘(HD 116842) on three nights each and the
star B Com (HD 114710) on : four nlghts "The average
valuessobtalned ~and’ Crawford's standard values for

~

'these stars, ‘are shown in Table 4, 3

. f”f,{fﬂ;- . Table 4 3
‘”.‘i:F',i . Transformatlon Data . :
P CbserVed Values -»«7_ Standard Values

. Star (b y) ’ml -Cal_ Yca ?‘ (b= % ' ml cl <] ] .
' B*Cme';—O 892'1:431v50,379'5;23yp;37o_q.191-0;337 4.3}

S v .
440,253 10.132{0.488 4.5/

-0

) : o ‘e \’.. Tl b.'v_ .

¢~B00gg;¢l:001‘1;431feﬂ;234.

B PR R R R (I R A I
1y Ser;;'—p;922‘1.395--0 262'4;29i0'319'0.15;'0.401'3;9~'

|78 v Ma 51}011‘11462 -0. 106f§;9210 244 [0.168(0.578(4.9|

Qijao U Ma ei{iés ;;465;+0,;2§ 5%00 0. 097 0119230Q938~4,b'-

I AR PP IS £

The transformatlon equatlons were fltted to -
Q'?these data u51ng the method of least squareS-s=The”?‘
”ffﬂvalues of‘the coefflclents A through J Wthh were t:Ai"r

,’"-"' &
P obtalned from thl

“fflttlng procedure are llsted 1n

).

A~

;?Table 4 4.1'These values contaln an uncertalnty ﬁue to »;“’-'

‘--'calculatlon and flttrng errors of about +0 OS,W1th then_;g,ﬂ"

d,exceptlon of the coeffxcrent‘l*ﬁwhwch 1s smaller than“? .;‘lf

H5fffexpected by about 045 The deflnltlons ofﬁ:he colour

‘751ﬁ;dlfferencesﬁlmp1y I :ﬁand therrather small scatter.if




Transformation Coefficients .

‘Table 4.4

59

Cocfficient Value Coefficieht Value
» 0.82 s F 0.75

B 0.45 G o e

c 1,29 H 0.75

b 1.04 I ~0.70

: ~1.08 I . 0.08

in the‘ml values means that ‘the coeff1c1ent J should be

dquite accurately determlned,by the flttlng process. in

contrast the cl values contaln qurte large scatter

_and the I value resultlng from the fit is questlonable,'

partlcularly as only five. data p01nts are avallable.

/

A. larger number of observatlons would probaply yleld an

oI Value of approxlmately 0. 20

3

4. ll Conclu31ons from the Test Observ1ng Program

.

The photometer performed very well duréng the

testJng program

el -

ponents also worked satlsfactorlly.

l)

testlng program dld reveal a need for two mlnor modl-
flcatlons to the mechanlcal de51gn, whlch have subse-

| FmQuently been 1ncorporated 1nto the photometer._,i

@
A

the mechanlcal controls prOVed to be

:5%leck and convenlenb to operate and the opt1ca1 com—'

. /

However, the '




3

~

o
s

The first of these became necesSary when it was

dlscovered that a .small amount of light could leak

‘1nto the photometer at the point where the filter

\1eel perlmeter engered the main body of the instru-
o 4 .

'ment; To prevent this, additional metal baffles have

been added . to- 1mprove the light seal in this area,

Z "~ The second modlfication is a convenience feature

:

to speed, the operation of changlng fllter wheels,

- Since the photomultlpller was left uncovered during

the wheel change 1t was necessary to use very subdued

llghtlng durlng the operatlon making it rather slow-.

e

and aWnghi\N::f;:his ;eason,ia'seCOnd déik slide has
/

been included between the fllter wheel hou51ng and the .

photomultlpller. ThlS slice. 1s actlvatedeby w1thdraw—

1ng the small knob adjacent to the dlaphragm viewer

Oy °

(seé fig. 4.6). The photomultlpller 1s covered when

. &

the knob is 1n the out pos;tlon, .and uncovered when

the knob is pushed all the way in.

-

\

h

).

(
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Dark Slide
(closed) -

) ‘.Whéet.élot"t e
(Wheel Removed)

. Fige6 Dark Slide for Filter ‘Wheel Change =



CHAPTER 5
(

PHOTON COUNTING PRACTICE

5.1 Gptimizing‘thé Performance of the Photbn.Counting

System

The purpose_Of this.ceuciudihg chapter is to
record'for the benefit of'future'uSers ef’the éhoton'
’countlng system those detalls of its operatlon whlch

. 2 .
were not glven in the prev1ous‘chapterst_'
| The“task of~select1ng.thé approprlqte:values fOr‘“

the"many adjustable quautities in a photoh'couﬁting‘
‘Wsystem is one which at flrst SOunds qulte dlfflcult
From a theoretlcal standp01nt,_there is a very larget‘
number of varlables governlng the Operatlon of such a_"
system. A list of ‘some Qf these 1s;g1vengbe10w:_ |

'Phetomultiplier:

:_ sbeCtralfeSbénse'Of.cathodt\\v/;},a,\\ o

cathqdeft§.anéd¢ VOitagé A\ -
. »output pulse helght SReCtrum O : : .

K IOUtput PUlse duratlon |
pulse translt tlme o

Ampllfler-. S

| 1nput lmpedance (reSLStive‘and Capa01tiVe)

rlsetlme and bandw1dth ',itief f -”';-4"a



Discrim}nator ' j
Vbandwidth and."deadtime"
threshold voltages (upper and lower)
'.dount 1ntervals for both signal and noise
' Spectral bandW1dths of,filters
h'Black body temperature"of light:sOurce.

-In a theoretlcal photon couhtlng system, all Qf
these quantltles are varrable makrng the process of
Optllelng such a generallzed system rather dlfflCUlt
The approach used in thls general case is dlscussed bv
~ Sedmak (1972) . Fortunately, 1n practlce the optlmlza—
o tlon process is somewhat 51mpllf1ed by . llmltatlons that

-are 1mposed on the values of certaln varlables. The

'rphotomultlpller gulse w1dth and the bandwrdths of the

;ampllfler and dlscrlmlnator ‘are llmlted by the tech—
: nologles 1nvolved in thelr constructlon.. Once a photo—
'multlpller has been chosen (for reasons dlscusﬁbd 1n

/and the restrlctlon of the use of standard

»Chapter 3)
- photometrlc fllters is applled the number of varlables;
‘ﬂ»has been reduced to four.l These are the cathode to.

' anode voltage, ampllfler galn, dlscrlmlnator threshold
.'r\voltage,'and count 1nterval duratlon.i The optimum B :;

"'values of the flrst two of these are flxed by the

behav1our of photomultlpller count rates as. functlons

d_.of the cathode to anode voltage,f As descrlbed 1n

Y-

'*'Chapter l photon countlng photometry requlres an



;/,;fm;a.
overall gain of thelorder o'f"lO9 To achleve thlS
"galn whlle malntalnlng long term Stablllty of per- f

formance most photomultlpllers require external 51gnal

,ampllflcatlon of the order of lO3 . Wheén. used w1th such

an ampllfler and a moderate dlscrlmlnator threshold
voltage (around 300 mv), the count rates produced by 5
_the n01se and the 31gnal from a constant light source

.have the- general behav1our shown by flg. 5. l.~
. ".).

For an EMI 9502S tube, the knee reglons f.the -

: »curves occur at approx1mately 1200 volts. A;v‘ltagel
'hlgher than thls must be used ‘to place the . tube on.. the’-

Rfflat plateau reglon of the curves.- Operatlon on the

'plateau reglon is- necessary to ensure reproduc1b111ty

of the results over’ long time perlods, in splte of
l aglng effects in the hlgh voltage supply and the S
, voltage leldlng re51stors. However, as the voltage w

'1s 1ncreased beyond thlS Nalue, the 31gnal to nOLSe. '

G g '
ratlo dacﬁ!ases because the n01se 1ncreases w1th Voltage
. EE ¢ . . .

somewhat faster than . the 51gna1 N jﬁ{’5 R

The optlmum operatlng voltage for a tube used 1n d

photon countlng 1s'thus the VOltage whlch places lt at

-the left edge of the plateau reglon ln flg.US l For 4'

an EMI 95025 thls is about 1300 volts.‘-‘”'

04

L . . ‘o iy "
o, R R L ! -

To produce a satlsfactory plateau of the abOVe

dtype 1n the present system requlres an ampllf;er galn “fon

{?}of 2000 Slnce the preampllfler has a galn of 10, the

e L : [ L w e
- . tr N - . N S e
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Spectroscopy ampllfler should be set to a galn of 200
.Whlle Stlll hlgher galn values could be employed if-
.frequ;red the use of ultrahlgh ampllfler galns'%e
'(510,000) should be aVOlded or a serlous 1ncrease rn
the noise SUSCeptlblllty of the system will result
The‘dlsc 1m1nator threshold voltage should

_theoretlcally adjusted-untll‘only the‘largest‘

‘pulses 1n the phOtOmUltlpller output, whlch are those

vt”orlglnatlng at the cathode, trlgger the dlscrlmlnator.

L All smaller pulses, Wthh are due tozspurlous electron‘ -

B em1551on from the dynodes, are thus excluded (see

'affig; h“Z);v In reallty the plcture is" compllcated by

'thej_ve lapplng of the dlstrlbutlons of the cathode

'ujand dynode pulse helghts. The ch01ce of the correct .

:lh-_dlscrlminator threshold 1nvolves plottlng the oVerall

' ZSLgnal to nolse ratlo of the'system aga;nst dlscrlmlnator :

-_i'threshold VOltage and ChOOSlng the max1mum pol (see

“f flg l;? The best threshold level w1ll depend on the .

)'prhotomultlpller tube 1nvolved 'a nOlSY tube w;ll requrre

Vfé&fda hlgher threshold than a’ qulet one.”5~-5~f

1'fﬂfcess is- the duratlon of the countlng';.

/The flnal parameter 1n the photon countlng pro~;f_ﬂ};}i
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v'(n) e ThlS means that to reduce ‘the uncertalnty due

o be retained..

S 5.2 1The;HighrV01t§96~Filterﬂ‘

fractlonal standard error 1n any count of total n is

P . . . .
& a ' '
. - : B
PN
-~

1
2

to the randomness of the arrlval of the photons, large'

' total counts mUSt be used A count of 10 000 is

R

.necessary to llmlt thls error to l% Thus at low count .
_ rates the count 1nterval duratlon must be 1ncreased to

'pmalntaln a total count of thls order if l% accuracy 1s

D s

Because of the dramatlc reductlon 1n the n01se'"

:count produced at Kltt Peak by the hlgh voltage fllter R

fvmentloned in sectlon 4 4 a 51m11ar fllter was 1ntro—»

7duced 1nto the ohtput of the hlgh voltage supply at

- the Devon Observatory to see 1f any reductlon in- the

"nolse count would result A c1rcu1t dlagram of thlS B

»Jfllter 1s shown 1n flg. 5 4 The 1ncluslon of thlS

E

‘”;?1lter d1d not appre01ably decrease the]n01se count

wof the DeVon system, 1nd1cat1ng that n01se 1nduced :‘ﬁhtﬁf

' i

£

'1from the hlgh voltage supply 1s not a- problem w1th thls
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/L
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"provide‘signal to‘noise retics;ef”theucrder'ofklOO wheh
_used to obServe'stars of the-hinth*ﬁegnitude with'inter4
:mediate band fiiters{- A further increase in the 51gnal
dto noise ratlo of the system (of ‘at least a factor of o
]10) may be obtalned by coollng the photomultlpller to .

reduce thermal electron em1551on.. It 1s suggested that

‘2

,the present photomultlpller hous1ng be mpdlfled by the.

1nclu510n of a dry 1ce cooled Jacket and

‘heater mechanlsm for the quartz w1ndow.‘
'to retaln the present houslng because of lts excellent
RF shleldlng,_an.lmportant conSLderatlon in' a photon ,

counting system. 0 o



. APPENDIX 1

The contents of thas 'section descrlbe the pro-

cedure for operatlng the photon countlng system. The

. settlngs of all Ortec module controls necessary for

B )

normal operatlon of the system haVe been recorded for.
fu@hre reference.‘ j?gj,
Fouriseparate,switohes must:be‘operated‘to supply_'
AC'power to.the entlre system; 'These are located on
the prlnter, the Ortec rack power supply,lthe remote
'dlsplay box and the hlgh voltage supply. The dlgltal
' clock mounted rn51de the prlnter cha551s is . connected ‘
dlrectly to the power llne and 1s on whenever the' |
prlnter &s’plugged 1n‘ The remote control box and the
pulse preampllfler are 1ocated in the observatory, but

' both receive thelr power from the Ortec’ rack. ‘The

.prlnter 1nterface also draws 1ts power from the Ortec

y rack S0 all of these devrces pluﬁ the four Ortec ".

_ modules are turned on by the" rack power sw1tch

. To operate thé hlgh voltage supply, turn on the

“
.

t AC power, d1al the correct Voltage (usually 1300 V)

. on the voltage thumbwheels,,and turn the current llmlt

knob clockw1se untll the current meter needle 1s steady..
\When SWltChlng off the hlgh voltage, both the current

: /__._.&s:ﬂ’ ’
éﬁa‘VOltage must be, set to zero before the AC power 15

’ ched off .or the power left 1n the output capac1-;

‘ *l tors w1ll blow the 5 A’ fuse.g The hlgh voltage should




e

then‘this time 1s announced on the radio, move the

toggle switch to the

s ' Master—slave sw1tch to master 'Iwrf

-

‘be switdéhed on at least an hour before the start of .

o . .o \

observing to allow the tube time to stabilize,

The digital clock should be set to the radio time

'81gnal (WWV at 2.5, 5 or 10 MHz) before edchaobserving_

session, To do thlS, move the toggle sw1tch to the
"stop" p051tlon and use the recessed pushbuttons to

set the hours, minutes- and seconds to an upcomlng time.

n "

run" position. .
The requlred settlngs for all the OrteCamodule
controls are given below: :, e SR @

.Spectroscopy Ampllfler

Input sw1tch to p051t1ve

“Output sW1tch to 051t1v§ <

o

. A\ v
,Coarse galn to 200_ o 3&

S0 o AFlne .gain. knob to l 0.

.'Dlscrlmlnatoer o S "" o«
| Reset sw-1tch t-o Eromg' ti . ﬁ V \
B Dlscrlmlnator level knob to’ 3 3.0 e N

\- to, 0*l'Sec

.

Preset knob to l 'hftlp; "2 . -"':;

Multlpller to 100 (lees lO sec count)

°

13

Tyt

'5Counter u'7v“ "3{"n"7.;}.‘” i e

Count stop sw1tch to eount. . fl'=»‘%>

G

K
/
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. '~ APPENDIX. 2
The UnrcducediData . "
N . ) @
2 ) . "' \ .

The table below presents the observational

" o .
on to magnitudes or the

data without the conversi

”COrroctioﬁg for extinctién effepts. For Mércﬁ’Zl/ZZ
(an 2442493.870 ‘to 2442494.019) each value 'rep_résé\nts NP
the average of 5 10 second integratiohs.“The redgg? |
_ti@ﬁ toamagnitqdes-dEAallhvalues except those markéd

,with a *Aréquiges the subtraction ogia sééle factor = .

 of_2:504 from the ﬁagnitudéskderived from.the tables; 

. . . . . C - L . . .' )
~ This factor ‘arises from a scale.change required by
. . R N . N " “

.. the currpntfintegtato:.under-strong §ignal.conditions. -
- For the remaining nights,'the Vqlue'shown is the

aVefage of;g .IO“éecond counts with the sky gdunt‘

subtracted.® For easier computatibn,,the'actual counts

Vi

~weré'di§idéd'by 100 te produce the counts éhown,below; v
: ‘ R e ‘ :




_Téble A2,l1

The Unreduced Data

Star

o .
(2440000%+)

Air
Mass

" COUNT

b

5i W

Si N .

CuU

CuU
CuU

-CU

cu

cu |

cu

.Q"YCU

Ccu |

cu

cu

ey
| 2496.002

2493.870
" ,880

" 906

" 7}916

" ,940
r 7950
e
12494.011
" 019

2495.787

" 796
", 802

1ﬁ,'.§}6

"o ,823,

wo.. .830
" .837
v 862
".870
".897
905
v 940
w947
<ﬁ._’994

| "”2496ﬂ794

cu |
| 837
w843

n".=;809'

1.169
1.155
1.157
1.149
1.202
1.195
1.538

1.468
'1;390»
'1.380
1.320
1.308
1.265
1,247
1.218
1,172
1.163"
1.145
1.161
1:187
1.232°

»

1366
1.214"

£.203 -

1.515

1.392
1.510

11044

1370
1043

1402

995%
1334
819#

1065

B

5083
45871
5464

4814
5497
4984
6067

5102
6540
5327
6873

5337

6904
5076 {13443
8507
12518

5076

6305
4416

.50l3 
5879
5484,
6536 |

- 2745
1784
2738

2657
1719
2375

7566
| 12578

7900,

113006
8139
{13%22

8331
13329
8781

13807
8960

1778

1512.

13755,
9015

14142
8s4q]

3098
12243
4016"
_2286‘
13876

}2218,'

3523

1998 |

9745

18422

10133
18778

10360 |

18971
10527

19022

10910
19500

11152 |-

19586

112297-'
19158 .67

10823

'1§3q4= -

1836

1121
1842

1773
1112
1596

\973*

5017

{8580

| 8779

(5377
18951

5408

1 {8699
5706
19269
15793
| 9298
5786
€79&33.
5 15471
- Is4le

| 7119 | 8832
347715335
7303 | 9285
3 {5606

1154

5183

874%
535%
| 868*

542%

| g31%

525+
749%.

| a65%

240
409
247
416
253"
4%6

256

427 -
270
444
273
401
f273
427

257 -
308

434
1264 . .
456 -
275

75
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Table A2.,1 (cont'd)

The Unreduced'Data . .

Star| (2440000+)

J.D.

Air
Mass

N

COUNT

3

b -

Si W

Si

cu
cu .
cu
ﬂ 
Cu

cu

- cu

cu

~_igut'
cu |
'cu:'
o
o

3 Cq; 

-

"85l

.n

"

.858
.883
.891
.902
91D
.937
.945
.968

2498.763

/767
’»L772

- .782
- .787

.798
.8b2
f(tslz
819
.823.
r;;8301
1837

- .843

748 |
.764 |

o,

11.320
977 .

1,1.447

1;f§qw
1.175
1,155
1.145
1.160°
1,150
'1.218
1.205

1,316

1.510
1.516

1,442
"1.380
1.380
1.332
1;332
1.290
1.200
1.254-
1.243

1:2107
1.190
1.180°

1.691.
1.708

| 7062

- 3962

| 4468

5558/

6736
5663
7021
5627
7035
5509

5220
6762

5129
4131
5231
4199
" 5403
4293
5528

15630
4661
5694
470
5839
4835
6015

3519,
4623

1.487

Le T

| 4006

14222
8992
14446
9271.
14302
9250
14184
9287
13792
8996

10941
6993
11148

11240
7124
11316

7,
11551
7352
11935
!57525.
12092
7509
12131
 7613

10180°
6570

7065 |

19937

11100

20076
11346
19978
11345
19876

11460
19520
11214

16263
9176
16454

9145

16341

79261

16671 -

9262
16807
9366

16955
9585
17458
17405
19655

1576

fﬂéid'

10887

16323

7318
3625
7334
3691

3716

| 7195
| 3661

2988

3013

6291

| 5725
{QQQGZ

7311
13686
7292

5971 |

SGOOQ'
2993
6028 |

6092 |
{3015}
[6085 .
13036 | .
é150
3095, :

3100 |

5882 |

9341

5717
9412

5865-

9330

5854

9296

5867
8987

5653

460
280

462

285

462

285
457

283
442

274

76 -

AT EOEE



Table A2,1 (cont'd)

The Unreduced Data

- Star

"JD ,
(2440000+)

A4 Aair

Mass

COUNT

v

b.

siw

Si

L0890

" L769
"L T774
" 778
L7799
M 804
" .808
M.813
".816
"oo.821
o825
"oL829
"o .834
v 839
852
v .57
v 862
866 |
e
v ..876
885 |

" .894

'l“: é899 .

1.490

1,426

1.290

1.422
1.290°

1.252
1.254
1.225
1.230
1.209
1.203
1.190
"1.184
.1.15?{?
1.160

1;153'

1.149
1.155-
) ¥

1.145

1,158

1.148.
1.166
‘lri53i

5216

14059

5374

4625
{6051
4718

6130

14770

6129

4800
6208
4896
6238 |
4973,
6234
5025
| 6240
4976
6190
4951
| 6092
5089
[ 6052

I

16920
10992
7081
11894
7572
12072
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12009
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7717
12288
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12348
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7792
12321
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12265
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17603
9825
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17692

17574

17443

17501
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17548°
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17718
9907 |

i987l:
179L0‘

9746 |
17788
19699

9752

2990

5962
2980

6186

3123 |

6237

3139 |

6183
3125 |
6231 |
3137 -
6284
3128
6249 | -]
3146 |

6303 |-
| 3128 |
6265 |

6262

3090 |
6247 |
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