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Letters To The Editor 

A RECORDING PHOTOELECTRIC 
PHOTOMETER. 

During the last couple of decades a 
considerable amount of worlr has been done 
on the study of profiles of Fraunhorer lines 
using photographic photometry. However, 
there are certain inherent disadvantages 
in the technique employing photographic 
plates, such as the necessity of determining 
the characteristic curve of each plate for 
converting the density-curve, as directly 
obtained from the plate with the help of a 
recording microphotometer, into an intensity- 
curve, Apart kom being laborious the 
procedure also involves uncertain fllctors 
like the Eherhard effect, so that workers 
in this field have felt it clesiral~le to cvolve 
;I spectrophotometric technique indepen- 
dent of the photogra.phic process. For this 
purpose, naturally the thermocouple and 
the photoelectric cell appear to be the most 
obvious clloices of light-receiver to replace 
the photogr-aphic plate ; for these have 
been extensively used in photometric work 
of various kinds. Rut the thermocouple 
in its most sensitive form devised by h/loll 
does not appear to be adecjuate (even in 
conjunction with the Moll thermo-relay) 
for directly determining the contours or the 
absorption lines in the solar spectrum 
produced by a high-clispcrsion spectrograph 
of- the types currently used in solar observa- 
tories. The photoelectric cell in the form 
of a " multiplier tube " or in colnbination 
with a separate amplifying system therefore 
seems to be a t  present the only practicable 
alternative for solar line-contour measure- 
ments. Some years ago ~ r i c l ;  at  Cambridge 
Observatory succeeclei! in building a 
recording phntoelectric spectrophotometer 
using a vacculr: photo-cell in conjunction 
with an electrometer triode, but he cloes 
not seem to have puLlished his results of 
line-pmfile measurements with this instru- 
ment. ?'he recording spectrophotometer, 
which we describe briefly in the present 
note, has been built a t  the Icodaikanal 
Observatory on essentially the lines indicated 
by ~r;ck. 

The spectrum is provided by a high- 
dispersion prism spectrograph - a seven- 
prism instrument with a focal length of 
about 21 feet giving a dispersion of 2 .4 

per mm in the region of the D lines. 
The spectrograph is fed by an  18-inch 
siderostat through a 12-inch photovisual 
lens of 21 feet focal length. T h e  upper 
half of the spectrum is focussed on to the 
photographic plate and is used in the 
usual way, while the lower half is deflected 
towards the side or the spectrograph camera. 
by means of a right-angle prism which is 
adjusted so that the delilected spectrum is 
also in focus a t  the scanning slit of the 
photometer. The light from this slit, 
which is about .03 mm wide, is received 
by a short-focus convex lens Iised at  a 
distance fiom the slit equal to its focal 
length. The parallel l ~ e a m  of light so 
obtained from a narrow scction or the 
spectrum is directed again 1)y a seconil 
right-angle prism to the photc~-cell. 

The photo-cell P, electrometer triode 'Y 
and high-meg resistor R1 are contained in 
a heavy cast-iron cylindrical c,hamber 
(A in Fig. 2 ,  p 159) with a glass window. 
The chamber is connected to a Cenco 
pump through a drying tube containing 
calcium chloride and is exhausted to a 
pressure or about 10 nlm of mercury. 'The 
chamber, tvllich must be ~novecl to scan the 
spectrum, rests on a carriage (H) mounted 
on three steel 1,alls which travel in straight 
channels in an iron 1)ase. 'The carriage 
and the recording clruin with photographic 
paper are driven by the same motor through 
a reduction gear and a common sh:tit (C) 
having a t  one end a worm attnchcd to 
the carriage and at  the other end two 
pairs of pulleys of different tliameters fbr 
turning the drum. The paper-carrying 
drum is proviclecl with two pairs of circular 
Aangs whic,h rest on one or 111~ other pair 
of pulleys on the shaft so that .two different 
speeds of recording are nvailal~le. 'l'he 
light from the qalvanomctcr mirror is 
rocussed on to the p110togr;~pl-iic paper by 
a cylindrical lens. ?'he drum takes standard 
12 x 50 c n ~  bromide paper and is mounted 
inside-a. light tight cylinder (1.1) equipped 
with a shutter, the .ivliole s!.stc.m consisting 
of galvanometer and rccorcli~lg d rum being 



Fig, 1. Circuit diagram of Amplifier. 

enclosed in a liqht-tight box (E) so th:\t ( 0 , 0 0 0  is r i l  ir lcic. : t \ t~ci  arrti 
the instrument works in n .ct~ell-lighted room, finally tiisc.orirrt.c.tc.(1 1)) t11c. s \ \  iic 11 S,. 

The single-stage amplifier employs an 
" Osram Electrometer Triode, type El?-1" 
and a Dubilier 5 x 101° grid-leak resist(-)r 
(R,). A plate voltage of 5 volts ancl a 
negative bias of 3.5 volts are used. A 
common battery provides the filarnent 
current and negative bias for the grid through 
a drop across resistor R,. Under these 
conditions a steady-state current of about 
200 pa flows in the plate circuit and anode 
slope resistance of about 25 ,000~  is obtained. 
The cathode of the photo-cell (Osram type 
KMV 6) is connected to the grid a i d  anode 
voltage of about 22.5 volts i s  supplied by a 
dry battery. The steady plate current 
flowing through the galvanometer is balanced 
out by an auxiliary circuit consisting of three 
Xickel-Cadmium cells and resistance R8 
consisting of a fixed 17,500 ohms resistor 
and three rheostats of 5000, 500 and 20 
ohms respectively. Preliminary balancing 
adjustments are made using a Weston 
panel galvanometer GI. ?'he recording 
galvanometer G,-Cambridge d'Arsonva1 
type of resistance 4500, period 2 sec,., 
current sensitivity - 10-O amp/mm and 
external resistance for critical damping 
14,000 ohms-is then thrown in the plate 
circuit by' switch S, and fine balancing 
is obtained while the shunt resistance R, 

Using n gricl-1c:lk c k f '  -5' . loit1 oi~tlts :t 

current atnplificatio~l 01' c>\r.~. 11 ttiilliorl i s  
ol)t:~int*tl wit11 t l ~ c *  ;t~!lj.dilic*r. \ \  i t i i  t l ~ .  
sc;tn~~irl:,. slit ; t l ) o l ~ t  '0 i rli~n \\ i c l t ~  , ~ r f c i  the 
s~~ectrogr:t~~li j l i t  :tiso :iI)oti~ .[f,i I I I K ~ ~  ttqi(ie 
t11c c.ontinuo~rs  sol,^^ \ 1 1 1 ~ c  t I . ~ I I I I  ric~,ts ttir 13 
lincs gives a q:il\;tilorlrt~rc~r ( i ( \ f i t * t ' t i t ) ~ l  ot' ~ I I C  
ordrr of' 1 0 - I  2 cSm, uIic.ri t i l e *  sk) is pt,siE~c 11y 
clear. 'l'ht. instrurl~c.~.rt i h  ~l,ittrs,ill) c.sc.t.t~c1- 

ingly sc*nsitir.<> to  v,tiy i11g sky c.onrii[ic i n % ,  

All potcnti:\lu fi~r thc \.\.or king r ~ i '  the. ;irr>pliiicr 
ancl tliv I~;il:~nci~ig cir( ~ i i t  :LIT s ~ q ) ~ ~ I i ~ ~ i  by  
one Ixlttery o f  4 n'I1:T: (.calls :~zit l  orw l)axtur> 
of 5 Nirkt.1-Iro~i c.c.Iis. 11 iliic.ltir.tl Itox' 
(I?) cont:iins ditfi.rc.n~ r(+si\;t,iti(.t-~ f o x '  :i(!j~tst- 
rnt:nC nnci h,ts rtirtcn, sIlt.oxt.itr , i n ( !  4\+ it(-l~c's 
011 the front. All \ \ i t  v i  lt**ir l i t )% fi.t mi 
this box to 111(. cylintlvr ( r Z i  rot~t:li~iir~g 
the plioro-cell, tht. e1cc.tromr~tc~s triotit* and 
the grid-leak resistor, and to rllc shiclrled 
I>ox ( G j  contilining battvtit.s, iist. very 
tl.iorougl11y s11icldc~cI. A sri~c-rnntic t1i;tgrnrn 
of thc amplifier is \llc)wrr i n  1:ig. 1. 

A length of 12 rxlm or 20 rnnl of tile- 

spectrunl is ccwered Ly one cornl)lt*~c turn 
of the drum, depending nporl the rhtticc. 
of drum speed. With t hc  ihstcr spred a 
length of 12 mln of tfic spcrtrum is r.ec.ordt.dl 
in about 7 minutes. Preliminary recurds 
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Fig. 2. General view of the equipment. 

Fig, 3. Record of Solar Spectrurn 
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taken 1vit.h t h a  instr~in1c1zt indicatc satis- 
fitctc-~ry pcrforl~~ance.  'l'lic clrift of tllc 
rc.c.ol.tlirlyg s1)r)t. of ligllt is Icss illan 1 (,nl i n  
t r l l t r  single c,orr\l~lctc rccorcl \\.it11 tlic. li~stcr 
spcccl of tlic d r ~ u l i  ancl ral~tlulll I l t ~ c t ~ r  <I t' I O ~ S  

a1.c Icss than & h ~ l ~ r n ,  il salnplc i,cccir,tI 
rrtl~icetl l o  ;iI,out. Ii\.c-sislc.c:ntli OL' the 
original is rr:l)roclucucl in Fig. 3. 

Lll t l~o~~i:l l  , t l l c*  i~ l s t r~ i rnc~ l t  tlc:sc~ril~rtl al)o\-r 
is rlcsignctl sl~ccii~ll>, lilr usc ill solar liilc- 
tx~ntorlr \V(JYI< ancl t11cl.c.Sorc \vc 1rll;s ;~ill~cjst 
at tlic limit of' its c.;~lxtc.it);, it is t:\~iclc.ntIy 
c ;~s ) *  to rrcli~cc: its sc~~sit i \ , i ty :tr~tI i1111:i 
incl.c;i.;c, its stal.)ilit).. 1 Icss sc.llsili\.c: 

l ) r o t o t y ~ ~ c  r ~ f  t l ~ c  instrill-rlcnt. tvithout. tl7c 
r o r 1 1  part has i t 1  fi~ct I 1)rcn 
CI tusl~.uc:tc~cl ;it t l l i n  ( 1 1  ~sc:s\.;itc-~ry fir rcbrtain 
1,ihu:11 c ~ l ~ s c r ~ ~ a t i c ~ ~ i s .  No cIoi~l)t, :I ~1k1r)t.o- 
tiicitcl. oI' tlic 1 ~ 1 ~ :  IWK: tlcsc.ril,cil \ ~ o u l d  1)c 
c;i l~;i l~lc o S  c l c a l i ~ l ~  \\:it11 :i varict;. of prr ,I~lcm~. 
Or i l l t ~ r ~ ~ t  ~ C J  ;;C'Oi)Il> hi('ists. 
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