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chatrect,

veveral methods of comparing the intensities of
specirum lines are deseribed, using photogravhie plates,
photosuliipliers sad photo-resistive cells as the
messuring instrurents, The performunce of ecch of these
deteclors wes coscssed by using them, in twmn, to determine
the intensity rotios of the components of & partieular
mereury triplet. The perticuler trivlet used wes selected
because of the wide wavelength range between the extreme
components, und also because ewch component originated ‘*
from « common £ level. Theoreticsl considerstions showed '
that the emitted intensities of such commoneats should bear
a constant rutio to one smother, whatever the excitation ]
conditions. &4 vsrisat of the photogrephie method in whieh
& calibreted step filter wes used to compure the intensities
of two neur specirum lines was elsc tried. Doublets i
the sodium spectrum were used for thie purpose, 3

The seeuruey cbtaineble with euch detector
wus 5o delernined und the sourees of error found. Several
Fueters uffecting the emitted iatencities of the spectrum
lines from the dischurpe Lemps used as sources in the
chove investigiiion, wee uloo discussed. It is concluded
that for widely dispersed spectrum lines the photomuliiplier
method gave the grectest sceursey of the rethods tried, en




agcureey of about 47 belng schieved. in cccursey of

104 was the bLeet thet eould be obteined using the
photogrephie method, although for two near speetrum lines,
and using a ealibrated step filter an securscy of 5 was
cbteined by this method, The photo-resistive eell wes

found to be unsuitable for the compurison of intensities.
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For many purposes it is desirsble to rousure
aceurately the ratio of the intensities of two or more
spectrun lines, The three main méethods which are used
for these measurement . . '

Direct abmtiaaa of tha mmm lines
under consideration sre made by an observer, and an
pstinate of their relutive iutensities made, A

have & large wovolenst
ummgwkﬁeammmﬁmnmw
sharactoristic for o constant incident intensity, The
aceurzpy obiaeinable is in genersl no better then 407,
although spocialists working on one perticuler
application, e.g. steel analysis, eluin en sceursey of
207+ The rethod con only bo used in the wuvelength
range 4000 = 6000 Angstrom wnits, Yueh of the carlier
work (Megpers, de m, and Humphreys, 1931 and Meggers.
funphreys, 1933) on intensity retios wes curried
| m&:thismtm,ﬂthou@itiaﬁtﬁlamm
days for accurate work. '
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fhie invelwa the exwm of & pmtngmgiﬁe

plate to the spectrum lines, development of the plate
| under carafully controlled econditions,and measurement
| of the deusity of the imuge of the lines either
visually or by misrorhoioreter. The wevelength runge =
is from below 2000 $o 10,000 Angstroms, using speecial i
| plates.
Visusl estinates of the density of ths | 4
spectrun lines (Johnson, 1924 and Johnson end Towde,
1932) again depend on gret skill on the part of the
 E observer, the usual method being to arrange the visusl
| estinaies of density on a sesle between 1 end 10, vhence
the resulis have wporoxinatoly s logwrithnie relationship
fo the indeasily. The ccoursey of the nethed is greutost

A PN

% vhon the wevelength rango is amall, since no account of
1 tho vevoloasth seneltivity of the slete is taken uoing
§ ﬁhi‘a nekind. ’ |

For more seeurste work a mierophotoneter is

used tomms tho density of the sneetrum lines on the
plates. This instrument econocists of & moveble table of
glass on which is mounted the rhotogra "f"‘f plute, end

- beneath which is mounted a w&mtmlaﬁtﬂ.u eelle A hau of
light is foecussed on to the plate mounted on the movable
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gluss table, the light beam pussing through the plete and
the table, then felling on to the photocells The
ocutput of the photocell is fed to & galvanometer or
recording device. The spectrum lines on the photographie

plete reduce the emount of light felling on the photocell |

and hence the g;.xlvmmmt@r resding, as the table is
troeversed serces the light beums The density of &
perticular line is culeuluted [ronie
D =» log @, where 6c is the eleur plute reaponse of the cell,
? and o is the spectrurm line response.
The photocell response nust of eourse be linesr with
intensity for the eorrect estimation of densities.

In order to convert densitios into intensities
of light incident on the plate it is nesessary to calibrate
the photo waphic plete. This may be carried oul in several
ways, nearly cll of which require the use of some stendard
of rediation, which should ideclly be & black body.
Proctically, this is usuelly « strip filement tungsten

- lamp run ot & constent current so thut its tempersture is

also comstsnt. The tempercture is often measured by means
of & disappesring filement type opticel pyrometer with & 3

red window, thie giving the brightness tempersture of the ;
filament. Vhen using en optical pyrometer in this wuy it
is essential to arrange that the angle the lamp sublends
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‘&t the pyrometer is slwuys the same (Forsythe, 1920),
The energy at & pertieular wavelength cen then be oblained
from the bleek body distribution curve for the same
tenperature (Benford, 1943).
In practice a tungsten filement wots nore neorly
as a orey body, but, providing intensity retios only wre
required this need not be teken into ecneideration ss long
us the missivity of the tungsten remcins constent over the
wavelength range considered, i.e. the fect thet tungsten
does not set us  perfect bluck body need aol be considered
' provided thet its omissivity is constent. In fect, the
emigsivity of tung ten changes by § in the wevelength
renge BU0U = 4000 ingstroms (Crmstein, 1936) end cen be
allowed for if mquim The current through tha Yamp
may be kept consztent by mesns of the bridge cireuit
(Luces, 1955) shown in figpure l.
The stendurd of rediction may be used in any of |
the following weys to effect s ealibration of the photographie 1
plate:=- |

1. Inverse Square Lew,

. 4 diffusing sereen is mounted in froni of the
spectrograph slit, & nunber of exposures of the swme duration
then being made with the calibrating lemp et verying
distences, d, from the sereen. The continucus specire
g0 formed wre examined by means of the mierophotometer
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elong with the speetrum lines required, and et the same
wivelength. In this vway densities cen be converted into
intensities.

2« Step Filter,

4 neutral filier comprising n steps is mounted
over the spectrograph slit, and en exposure made using
the radistion stendard es & source, If the densities of
the steps are accurately known, & calibration of the
plate at any perticular wevelength cen be mede as in 1
above.

Je lieutral sbsorbing wedge of kuown sngle (Johnson und
Tewde, 1932). .

Thie method is very similar to method 2 in which
& neutral step filter is used. 4 continuous varistion in
deasity of the photogrephie plate is obtained instesd of
u step variation.

4. Series of Neutrel filters. (Barbier, 1947).

4 serics of exposures of the sume time of the
rediction sienderd are tuken vith various filters
interposed between the slit and source, the filters being
arrangsd at a condensing lens. Otherwise the method is
similar to method. 2. —

9« Series of Vire Guuzss (Dorgelo, 1923 end 1924),

These ere used in the seme munner as the filters

in method 4. " | | |
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6e S1it of verying width. (Sunbursky, 1928).

If the width of the slit is imown al every
point in its leugth, the intensity cen be found by taking
it to be provortionel to the width at the point.

7« Rotation of Hieol Prisms,

Two licol mrisms are nlaced on the exis of the
spectrograph slit and the radistion stenderd, s lens
being used to pass parullel light through them. The angle
between their optic uxes is <« and is 0° for naximum
trensnission. The trensmission veries as cos®«, so thot a
series of exposures with varisble « gives a suituble
calibration.

8« Using one inown filter, and @ series of neutral,
unknown filiers. (Barbier, 1947).

4 series of exposures are teken with and without
the known filter using in turn esch of the waknown filters
to reduce the intensity. A gruph is then plotted, at a
perticular wuvelength, of the density obtained with the | i
known {ilter ageinst the density obtained without it.
Knowing the density of this filter, und assuning en
wrbitery intensity to produce & kuown vhotographic density
through the known filter slone, & characteristic curve for
the emulsion muy be obtained from the first greph. This
method is similer to the method of Schwerzschild,
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9. Using e Xnife edge on the axis of the collimator.
(Barbier, 1944),

By this means the density of the image vuries slong
its leugth, the variction depending in @ way thet can be
caleulated on the shupe of the slit, und the geometry of ithe
instrument. This method is due to lirsch and Schon

Varicus other methods of calibrating photographie
plates heve Leen used, but these make use of the reciprocity
low, e.zs Hotating sector. (The reciprocity lew is thet the
produet of the incident intensily and tinme of exposure gives
& constent photographie plate bluckening, fur a given nroduct,

for all velues of intensity and time of exposure)s Heeiprocity

law feilure is known o ocecur for larpe values of exposure
time (Fees, 1954) so thet rosulis obtained by these methods
nay be uneeriain,

v 4 method of calibreting a plute without & stendurd
ra&iatim source can be used where two clore spectrum
linss are to be compsred. This is to take @ photosruph
of the two apeéimm linea through & step {ilter as
deseribed in (2) sbove. £ graph of density v iutensity
is then plotted for the stronper line, the muximun density
of the wesker line then being used to obtain its intencity
from this greph. The rethod is one of the most scecurate
available, but is only spplicuble for lines less than
- &0 Angsiroms spurt. It is us well to cheeck that no viclent

changes in emulsion soncitivity oceur in the region of the




. SRR e s e .

e

fost lines, ¢s in regions of insensitivity, or eut-off,
the sensitivity can chenge repidly in the spuce of

20 iogstroms. The check must be nede with & redistion
stundard .

- The relubive intensities of the spectrum lines .
on 8 photogruphic plate muy be found from the ol arceteristie
curve for the emuleion s eveh wuvelength corresponding
to cueh spectrum line, and the energy distribution of the

- ealibreting lempe ‘

& 0 o ¥ S h 4 _
sardes CAOCLTL O 63 P IEHE

In this nethod o deviee which wanverts light
pnergy into en electrical sipnel having o feip degree of
corvespondence to the ineident light energy is used in
conjunetion with u cpectrograph, the devies either being
moved along the speetrum, or else being fized to the
spectrograph mount, the spectrum lines being moved past
the entrance aliﬁ of the device by rotating the prism of
the spectrogreph, Such devices are the Thermopile,
Fhotowelectrie cells, Phetorultipliers and Photo-resistive
naterials.

i
1

messuring devices; it provides the only sbeolute nethod
- of pessuring spectrun line intensities. In conjunction
vith suitable opticsl gesr, the wevelength renge over
which neusurenents may be mede, is very wide. Conventional
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thermopiles ave described elsewhere, (Forsythe, 1937)
typical couples used being iron-constentan and bismuthe
silver, The requirements ovther thau the narely thermoe
electric rropertios for & suiteble counle material ere that
it should have & good elechricsl conductivity, and & poor
thermel econductivity, two properties which seeording to
the Viedemsnnelranz law sre unfortunately conflieting one
with the other, lowever, with the advent of seni-conductors,
materiels having these properties were found, snd thermo-
piles of increused sensitivity with = high speed of response
mede (Selwerz, 1958), These semi~conductor eouples consist
essenticlly of an excess semi-conductor in contoct with &
deficit semieconductor, an example being & mixture of silver
sulphide and silver solenide in contuet with & mixture of
silver, copper, tellurium and selenium.

Single-cuthode photo-electric cells huve not
found populurity «s « device for intensity neusurerent, the
photonultiplier type of cell beimg used ulmost oxelusively
on secount of its grecter sensitivity (Rodda, 1953). Both
of these devices use the oxterncl photo-cleetric effect
in which photcns in the incident light bean
pxpol eleelrons from the sensitive eathode of
thom mﬁawaaofﬂmpmwlﬂmmm
ére collocted by the wnode, tlere being amplification et

(Bocker, 19
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$he expense of linesrity if the cell is gus filled; in

the photomultiplier the electrons are collected by the first
- eyncde, an plecirode positive with respect to the cathode,
Nore electrons ure emitted from the first dynode (bocuise
of the field energy imvurted to the initial electrons) then
by the geomeiry of the electrode strueture, these ere rade
to impinge on tle second dymode, and so mii., tmiil the final
anode is resched. Photommltipliers im current nroduction
heve 9 or 11 such stuges so thet there is eonsidersble
emplification., The wevelength range of photomultipliers is
2000 - 6U00 Lngstroms, using quartz envelopes,

. Senmiconductors used as photo-resistive olemeats
are comperaiively new devices. They use the prineinle of
the internel photo-cloctric effeet in which the eleetrieal
resistance of the mutericl veries according to the
distribution of ite extra-muclesr clectrons in iheir
permitied energy hends, The ineident photone reise clectrons
from non=conducting bands to the conducting bund so ,
decreusing the resistence of the retericl. ETleetrons so
reised leuve behind "positive holes” in the non=conducting
vands whieh boluve sinilarly to electrons in the conducting
ound 0o giving an enhanced effect.

Huterials exhibiting this effect are numerous,
examples of the better imown ones eve gormanium (Shive, 1949
énd Burstein, Davisson, Bell, Turner snd Lipsonigss),
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seleninn telluriwm, bissuth telluride (Gibson and Woss 1950)
lead telluwride, (Young, 1955) lesd selenide (Simpson 1947,
Yoss end Chasrur 1948 and Gibson, Luwson snd Moss 1951)
 (@sually kept below 90%) lesd sulphide (Moss 1949), indium
antimonide, cedmiwm sulphide (Bremteno end Devis, 1948 and
Frerichs end Siegort, 1948) cadmiun selenide, end burium oxide.
¥ost of tlese materials ure more suitable for infre-red work,
ee. germaniun phote=diodes huve & wavelength response of
5000 Angstroms.up to 16,000 ingstroms, with & pesk response
at 15,000 ingstroms. Lesd telluride (below 90°K) hes &
response extending to 7 microns.

: The output of any of these oleciriecl devices
usually requires some degree of smplificaution before &
suitsble output signel is obteined. This signul, is in
zeneral used to deflect @ robust form of galvanometer. For
& line of given intensity the photomultiplier will reqguire
least amplifiection (for « line in its working wevelength
renge) the thermopile most. The output of ell of these
devices is obfuined in the form of a d.e. signal of

~changing level. This sisel mey be amplified, either by
a conventionel form of d.c. amplifier, provided with a
veriable bies supply in order to compensaie for the dark
signul, or by means of a "ehopping” device aund an a.c.
emplifier,.

A uhoppiua" device wnaiats of some form of
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interrupter situcted in the poth of the light bewn,
‘fgpiﬁml saemplos wre & perfopcbed dise driven by o

mehronons electrie molor, end an electricsl vilrstor
e:;amﬁ% o8 & shutter beflore e elife In thie way e
more 2r less sgusre weveforn, of intensity with respect
to tine, {ulls on the eloetrical rewvsuring deviee which
thus provides sn a.c. cutput,

for photomultipliers en interrupting {roquency

0f 50 @ 200 cepess is generelly employed, since v.c.
emplifiers of thie frequency bend wre simple to construet,
'mummmmmﬁammmxumsm *

reguired, o mﬁm&% o of deng smpiifion peotebly {
ovon it' sm ﬁm sziml La @fa M }.&mr @agmea
of enplifiestion $hen can be obteined from one velve stuge
‘orovide the best solutiom. This is locsuse drift Leecnes

& cejor problom with high sein d.e. wplifiers, end although
high guin, frequency seleotive, interrupting syatens heve




their problems, their use is generully more gtraightforvard.
When 8n @.ce tmplifier is used, the cutput can be displayed
githor on an a.ce type of instrurent (e.g. hot-wire amneter)
or rectified end used in conjunction with & d.c. type of
messuring instrument. »

In order to convert the meter readings obtained
on such sn electrical system into intensity velues, it is
necessery to calibrate the system., This is ususlly performed
with the sid of & redistion stendard such as the tungsten
strip filement lamp, e for the photographie method described
earlier., Calibration metheds 1, 4, 5, 7 and 8 are suituble
for the electrical method, culibration eurves for the
apporatus being obtuined at eseh desired wavelength velue.
These curves cre eguivalent to the characteristie curves
obtained in the photographic method. lethod 8 is particularly
applicable %o the electrieal nethod, and in the particuler
cuse where the recponse of the eyuiprent is linear, no inowm
filter is required. The linearity of the equipment nay be
checked by using one unknown filter in the fellowing manner:=
The deflection siven by & source whose intensity can be
veried (e.g. the strip filument tungsten lamp) is obtsined
with end without the filter present. The intensity of the
source is then diminished so us o make the defleetion
obtained without the filfer in positien, aprroxinately
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equal fo that obteined previously when the filler wus

present. The filter is now sgain inserted and the

deflection obtained. This process is repeuted & number

of times, the intensity of the source being diminished

§ each time. 4 graph of deflection with filter present

| against deflection without the filter is a straight line

for a system whose response is linear, The known distribution

. of energy in the light from the stendard lemp gives the

| scale of the intensity - deflection sraph cbtained.
Preeisely the same precautions must be taken in

) using the eleetrical metbod us with the photoyrephic methods

§ the calibrating lemp must be run at constent current; the

eloctrical neasuring deviee must luve constent power sup-lies

as must the source. It is the purpose of the prosent

investigation to conirust results obleined using some of

the photographic snd electricul nethods, and to indicute

the precauiions necessary for the greatest wcouraey. Other

dovices e.g. the Golay cell are reniioned in the literaiure

(Claxk ~ Jones, 1949) but those are more suiteble for

speciel applicaticns end for infra-red spectroscopy.
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o8 psed in thia investicution
For the nmain intensity rutio compurison betueen
the electrical und photographie nethods it wus deeided to
use a triplet in the mercury vapour discharge spectrua .
having the fol.ouming componentaie-

5460,7¢4 ingstroms - gPesn.

4358.,34 * ~ violet.

4046,56 " - violst.
These three lines are all produced by electron transitions
from a 7% single. upper stute to a 6°P triplet lower level,
this transition being illustrated in figpure 2, Because of
their origin fiom a single. lewel, the relative intensities
~ of these lines should be independent of the voltuge applied
to the dischurge lanp, und in the cuse of the photographie
method where all three lines are recorded simultaneously,
lamp voltuge variations should be of no conseguence. (The
actual intensity of eueh line will of eourse vary with lamp
voltuge). .nother reason for choosing this nercury triplet
«8 a busis for compurison of the eleetricul and photogruphie
methods of intensity ratio meusurement wus that the wave-
length ronge almost completely filled the photographie range
avalluble at ome setting of the two spectrographs used in
this investigation, giving the nost difficult conditions
for accurste compurison,
The transition probubilities of these lines
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(allen, 1955) are theoretically § : 3 : 1. wave mechanies
shows that the intensity of a spectrum line is proporticnal
to the transition probability funetion multiplied by the
fourth power of the wave number. The theoretical intensities
of the mercury triplet components are therefore in the ratios:= |
1: 1.49 : 0,67, However it is thought that when a
photographic plate is activated by light photons, the density
of the developed image is proportional to the total number
of inecident photons and not to the total energy of the photons.
If this is the cuse, the intensity of a spectrum line us
determined photographically will be proportional to the
transition probability function multiplied by the cube of
the wave number, That is, the intensites of the mereury
triplet components, as determined rhotographieally, will
be in the ratios:= 1 : 1,18 : 0,52, The same is true for
intensity ratios determined with the photomultiplier and
semiconductor detectors. A thermopile should give the
intensity values 1 : 1,49 : U.67,

Certain other lines were used in the experimental
work. These were two mereury yellow lines (wavelengths
5791 and 5770 ingstroms) the two sodium D lines (wavelengths
9896 and 5890 Angstroms) and a sodium blue doublet
(wavelengths 4983 and 4979 Angstroms)., The 5791 ingstrom
mercury yellow line is in faet complex, but the resolving
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power of the spectivscopes used was not greal enocugh
to show this. The observations made en these lines are

fully described in later sections.

Phe first nereury discharge lemp used es & source fox
the above mentioned lines wes & G.JR.C. 100 vatt type. The
Pollowing osts, to investigste the behuviour of the lemp,
vere cerried out:= first, the lamp wes fed from & "Veriae”
veriable trensformer, the voltage scross the lamp m&
control peer being meusured. Using a vhotomultiplier o
receive the 5460.74 ingsiroms green line, the diseharge _
lanp was switched on and operated at & eonstant 200 volis.
The phetwultiplier enode eurrent wus noted every ninute
for the first 10 minutes after swiiching on, and then
every 5 minutes, This test showed thot the cubput of the
lasp veried rerkedly for the first 20 minutes after
switehing on, but thet sfter helf en hour, the light cutput
was sensibly constent. In usec, therefore, it wms desireble
to allow the lamp & wermeup period of at lesst helf en hour
before reudings were teken, :

Secondly, the voliage epplied to the la:agc and
control geor wes varied over the renge 1 to 227 volts,
the photomultiplier current being noted, The vhotomultiplier
wee then arrenged to receive the 4358,34 ingsiroms viclet

s
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line, and the test repeuted. The ratio of the reasdings
of green/viclet ut each voltege were then obteined, these
resdings being proportionsl to intensity es the nhoto-
mulfiplier lus a:‘limaaxr intensity = current charscteristie
(see section 6). This retic wes found to be indenendent
of the velt&g_;e.

‘hen using eny clectricsl method for intensity
rutio comparison it is neeessary to meintuin the discharge
lamp ssupply'wlta;ige constant. Thie is because the lines
ure recorded successively instead of simultuneously us in
the photographic method. It wus for this reuson thet in
all measurements mude with the mereury vapour discharge
lamp, it wus fed irom & "Varise" vericble transformer, the
suprly voltege being mewsured and renually sd justed vto be
always at 200 volts for both the electrieal snd photographie
metlods. ,

Certain feutures of the mereury mpomr disecharge
lamp deseribed above were luter found to be unmtmfmtory
(see section 9), end for this resson a mereury isotope
discharge lamp which was water-cooled was used as a source,
some of the intensity nessuremenis being repected using this
lemp s source.

The isotope lemp conteined the mercury isotove
of atomic weight 198, and was also of G.E.C. munufacture,




g 8 S SRR i - %% 1 ¢ 2 o o
The nower supply i0¥
e bnn tn soantunatio
mpaing in conjuncyion

Sk T Eont 43
gng o {:i,ii‘l\hat LAIMLGAH

o ——— 4 TR
consumption of the lamp
3. ¥ i PR« T
oling waier 101 wie
the

The eleetricel charucter

his
~
o
-
4}
o
~©
-
o
&

oy
s

e
b

P

i

imiler to il

3 v o T aart e -
belng ad jusses w o

Ty £ 3 PR e A EE P TNENERY L F vy svgm 1E T~
i%h} SOG1iUl Vapoul ULBUGIR MErEY LTV LSRN

Lot

on the mereury vepour

wurm-up period wes

£
- 281

allowed, the voliage s

ir Lmﬁ.b.( ,éﬂ

Ly to the lLamp being maintained

constent at 200 volts by meuns of & "Werice” variable

trunsformer.




& St
For both the photographiec and electrical methods
a tungsten strip filament lamp operating at a brightness

temperature of 2800%K was useds This lamp was constructed

by the Ciemens Electrie Company and had a pominal rabing of
108 watts at 6 volts. The lunp had a ribbon filament of

tungsten with a kink in the cemtre, enclosed in a gquartz

| ~ envelope. The kink enabled an optical type pyrometer to ﬂ

be focussed on the same point of the filament cach time

tenperature measurenents were nade, whilst the gquartz

| envelope transmitted radiatiom iu the ultrua-violet, and

E 80 allowed calibrations $o be made in this region.

In order to maintain the teaperuture of the

filanent constant during a calibration exposure (sone j
calibrations took 5 nimutes) so thut repeatability could
be achieved, the lamp was supvlied from two 6 volt, 57 ;
ampere-hour car type accumulators comnected in series, the ;
lanp being connected in a bridge circuit (Lucas, 1955) as :

_shown in figure 1. This cireuit enubles the current |
through the tungsten lamp to be kept constant regurdless
of chunges in accuaulatar_c.m.f. contact resistunces, ele.
The brightness temperature of the tungstem ribbon filanent
required in order to give u suitable calibration
characteristic was found to be 28W0%K, this corresponding
to a lamp current of 17.5 amperes, i) was then U,24 ohus




B

‘calibreted by the mskers sgainst & stenderd lemp, end wos

e

at belance, and wes infeet o varieble resi stande.. Yor

eurrent Io = 2 w;}perés‘, Ro = 3.9 ohns, and R3 = 2.1 ohms,

The galvanometer used to deteet unbulunce in this bridge
cireuit was & Pye "Scalamp” type, and with the cireuit s

used & deflection of 1 em. of the galvenometer light spot

was produced by & change of 0,05 amperes in the lamp current,
&d justment of Ry then restoring the velue of the current

to the desired value.

Vhen using this ecircuit for calibrating purposes,
the secumuletors were fully churged, the laemp then being
ellowed to run st the opercting temperature for about
15 ninutes before use. This alloved the filament o resch
stable operating conditions, the resistunce R} to become
temperature stable, end et the sume time, stubilised the
accumilator eunels Adjustments to Ry were then of a minor
nature only during the course of a celibration. Before the
lemp wee used at all, it wes aped for about 20 hours et the
operating temperature. Vith the secunulators fully uh&rga&,
the lamp could be operated for approximetely two hours
at a current of 17.5 amps.

 The temperuture of the filement of the lump was
neasured by meens of a Caumbridge disappeuring filsment iype
opticel pyrometer. This pyrometer had been initially

subseyuently

scked, in the course of the present work, |
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by reference to & portuble black boly redistor. This
eonsisted of « tungsten fube, with & smull hole drilled
in the side, mounted insile en evacuated gless bulb fitied
with a guertz window in one side opposite the hole in the
tungsten tube. The glass bulb wes filled with an inert
ges at lov pressure, in order to nrevent evaporation of the
tungsten ot high tprm'utmm & lurge elecirie current
could be passed dowm tm tube se miain&, it to incendescence.
The porteble bleck body rediator wus calibrated aguinst |
& NoF.L. stenderdised lonp by the G.E.C. Research Laboratories, . '
so thet ite temperature = current reletionship wue known, ,
The redistor wes then used to eulibrute the pyrometer. At
the operating tempereture of the m}.ibmtiag lemp (28009K)
the pyrometer wes found to be cecurste.
It is importent thut the temperciure of the lanp
be known securately for us is shown in figure 3. & 500
change in tempersture of the ealibrating lanp oroduces & 147
chenge in the intensity ratio of the emitied intensities
at WGGmmwthm-?%ﬁm%maf the
&impmu-iag filamont pyrometer showed thet cn sccursey of
ETINORE L 2000Y was the best that could be
iloved .. m mcmm circuit wus estimated to keep
ﬁmtempmﬁm steady to within 5 dogrees. It was
considered that as & result of these veriations intensity

N
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ratios mighi very by as nueh us 5% in the wavelength
range 4000 = 6000 ingstrom units.

The intensity emitted ot any particular
wavelength by the stonderd lump muy then be obtuined from
date given in the Internadionsl Critiesl tebles or frem
the cwrve shown in {igure 4. These relete to & nerfect
black body radiator, so that the emissivity of tungsten,
and its veriation with tempercture must alse be sccounted
for. Velues taken from the Internationsl Critiecal tebles
for a bluck body redistor ere given in teble 1, whilst
table 2 shows the variation of the emissivity of fungsten
with wavelength.
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Wavelength | Jr (emge om soc ) |

|

3 000 : 12 |
10,000 Angstrons. 28.3 10%% (nex. value)

1012
1018
1012
1012
1012
1038
1042
1012

9,000 R
8,000 18,9
7,000 14,7
6,500 12.2
6,000 | 9.40
| 5,500 | 669
% 5,000 | 428

4,200 1.45
4,000 =
? 3,000 0059

o
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steils of Sreetrosyanhs uged in this work,
The two spectrogrephs used in the present work
vere a Constant Deviation type with & gluss prism, and

R ot

¢ lorge Littrew type with interchengecble glass and guartz
optica both munulactured by llilger Limited. Both

: SJJeemmsﬂiw us supplied required modification because
of & large avount of seattered light to be found in them
vhen their entrenee slits were illuminuted by any intense
source, such as the tungsten ribbon filament calibreting
lemp, The effect of this scultored light was to produce
blackening tm.. either side of u 4ealibr&ting specirun takea
using & neutrel step filter, and hence also, effectively
to increuse the bluekening produced by the speeirun,
This illuninetion was eliminated from both spectrographs
by the meuns described below.

4.1, Constent Doy skioy mgt fosgkanh,

Investigation of this spectrograph showed |
thet the scuttered light wus nroduced by reflection fros
the swrfuces of the collimating lens. The eollimafor lens
nount was modified by arranging for the mount to be tilted
abeut & horizontel axis, by meens of en adjusting sovew.
It wus found that the intensity of the seattered light
wes nueh reduced by suitebly tilting this lens. Unfortunsiely

 resolution wes lost in tilting the lems so that it was
essenticl not to tilt it more them wus necessary. The

g
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instrument was also lined with black velvet as a further
preceution sguinst scatiered light.

Yhen used with the photomuliiplior the wavelength
drum of the insirument wus turned to rotute the spectrum
pust the entrence slif of the multiplier. The mounting
ccnsiructed for the photomuliiplier is shown in figure 8,
and ccnsista of & brass tube housing the muliiplier and its
assoeisc ted "&aisy‘ chain” of resistors, inother bress tube
brazed at right angles to this tube and in line with the
photo=guthede of the multiplier served to mount the unit
onte the exif tube of the spectrogreph, Rotation of the
wevelengbh drum wup found o alier the dispersion of the
instrunent and its foous. I% ves thevefose essentisl to
have the instrumeni ss nearly in focus se possible when

using the photomaltiplier, but it wes found thet nrovided
the instrument wus fucussced in the middle of the rongs
traversed (&pgmximtély 4000 to 5500 fagstrom uwnits) the
slight fulling off in foocus «t the exiremes of the ronge
did not sffeet the resdings obtained. The veriction

of the dispersion due to rotation of the vevelength

drum, evér' this wovelength renge, waes zleo found io be
smell, and providing that the exit slit was wide enough
to puss all of the light energy emitted in u single line,
ite wetuel value did not affect the relutive value of the
intensities cbtained. FYor the calibration spectrum the
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value of dispersion obtained nhotographicelly, s below,
was used.

In the evrly part of the investipeiion, the
mﬁzmmr. in which the dispersion of the instrument would enter
into «ll the intensiiy caleulations was not known precisely.
4 dispersicn curve wes therefore obtuined for the instrument
by tuking an exposure of an iren are spectrun end then
peuguring the dictance between known wavelengths with &
truvelling nicroscope on the plate cbtained, This curve is
shovm in figure 6, In view of the effeet of positica of
the priem on dispersion, the nlute wes taken with the
vevelength drum in the setiing used for the investisution of
the mercury triplet,

A Sohwerz cell (see section 7) wus slsc used vith
the Constent Devistion speetrogruph, this being cbtained
in & housing suitable for mounting dirveetly vuto the exit
slit of the speetrogreph. 4 cooling tenk wes constructed
for the Schwerz cell mounting in order to muintain its
tenperuture uniform, This is shown in figure 7.

The eleetricul measurencnts vere of grecter
aecuracy than the photogruphic cnes msde on the Constunt
Deviation speetrograph. This wus because the short entrance
elit of the instrument would only cnable 5 steps of the
7 steps calibreting filter (see seetion 5.3) to be used,
conseyuent extrepolation of the clurscteristie curves being

i
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Regensury.,

This instrument has two oplicel trains, one
of glass, the other of juertc. The dispersion of the
instrunent is greater vith the gluss setting, but the
shortest wavelongth tranemitted is of the order of 3,800
ingstromss Vith the guariz setting the renge is extended
to approxivately 2000 Angstroms. bDoth of these setiings
however, showed lerge smounts of scattered light on plates
tuken of @ continuous source for exemple the tungeten riblon
filament esulibrating lemp.

In order to eliminate this seuttered light, the
eollimating lenses of euch opticel truin vwere canted on
shims, pletes being tuken of the ealibreiing lump to note
any improvement obtuined, Centing the lens in both cuses
removed the "flure" but et the sune time spoiled $he focus
of the instrument., By cunting the collimsting leus
downwurds, in the cuse of the gluss oplieal irain, and
ad justing the focus eontrol cerefully, a compromise could
be obtuined where a ressonably svod focus wus obleined, end
preetieally ell of the "flure" removed. In the ease of the
querts opticel trains the "flere" wus more severe, consequent

grester canting of the eollimating lens being required to

elininate it. Unfortunutely compromise wus nol fully
satislzetory in this cuse, the two ad justzente being
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incomnatible. It was for this reasun, snd because of the
greater dispersion that all inteasity measurerenis were
token on the glass setiing of the spectrograph. A
dispersion curve for the instrument was obiuined in &
similer nanner to that for the constent deviation instrument
end is showa in fipure 8,

The lurge Littrow instrumont was «lso used for
both oleetrieal snd photogrpaphie meusurcrments. To encble
the photomuliinlier o be used with this instrupent, a
special mounting plute to it into the axiating plate holder,
wes mede up, snd is shown in figuwre 9. This plete hed en
ellipticul hole eut &t its centre, a hollow tube then being
bruzed on to the plate at such sn sngle (28°% 3°) thet light
felling on the elliptical hole would puss direetly down the
tube., The photoruliiplier holder previously deseribed
{see figure ) wue « push it on to the end of this tube.

A Hamsden type eyepiece wes rnounted in the tube in such a
position that the insse of the speetrogruph slit formed ut
the mounting plate vwus refocussed on to the entrance -lit
immediately in front of the photoruliiplier eathode. By

this rmeens no change of the focus setting of the instrument
wus required when chenging from photosrephie ressureenis

to electrical. The speetrum lines under investizuiion were
in this ease brought on to the photommliiplier ecsthode in
turn, by rotation of the renge-changing control, This
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eonitrol hes a ruther course uction, such thet in the

re%wg of 6000 ingstroms, differentiation of lines closer
%u;i@ﬁi‘i&?}? than 20 Angstroms vas imposeible.

The uniformity ol the entrance ::sli ts of bLoth
specirographs over their lengths wus investizaled by
making two exposures on & photogrephic nlute of the stenderd
calibraeting lamp through the 7 step filter mounted either
way up. If the slits were uniform, equivelent chereeteristii
curves for the emulsion for both orientutions of the step
filter should be obtaimed. Vithin the limits of
experinental error, this did prove to be the cuse for both
instranents.

With both speetrographs, the prustice wus
adopted of focuseing the 1ight from all sources under

investization, on to the prisn of the instruments. This
wes nost desireble vhen & step ealibreting filter wus
being used, us it wes essential o ensure thst the ssme
amownt of light from the eulibreting source fell on to
oeuch step of the ilter., For econsisteney tho nethod wus
adopted for ull scurces.




Fethod

In the photographic method & suitable photographic
plute was exposed to the reyuired spectrum, the plate then
being developed wnder cerefully conirolled conditions, lNuny
fuctors can aifect the density of the photogrephie imauge and
it is therefore necessury to itime curefully the development
process and $o ensure constaney of temperature of the
developer. 4s a further precuution all plates were

brush developed, i.e. the plate Lrushed with a soft camel
hair brush whilst in the developer. The density of the
images of the speetrum lines was then messured on &
nierephotometers i cheracteristic curve for the plate was
obtuined from the calibrating spectrum put onto the plate
by mesns of the stendurd strip filunent lemp. The densities
of the lines were then iramslated into intensities by meens
of the characteristie eurve, the inteusity ratios se being
found. Experimentel work wee carried out on the various
aspects of this process with the view to eliminating or
meking as small us possible any errors which could oececur,
the detuils are set out below.

FHOWOIRannie LBt LIBGeRBIAE

Your photographic enulsions were investiguied:=
1. Ilford Repid Process Panchromatis (R.0.P.)
2¢ Ilford HoPede
3e Ilford FePeda
4. Ilford Astru.

|
b

2
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The lust of these ermlsions was a long range
tyve heving & response extending up to appix xinately
700 lagstroms. For spectroscopic intensity work the F.P.4. !
enulsion was judged %o be the most satisfeetory for general
purposes whereas the li.P.3. m,zul.}. sion wae first preference |
vhen hich speed wes of importance. Both emulsicns hed
othervise very sinilar clarseteristice, with the F.E?.ft.
emulsion having much less background fog. The intensi ty
renge over which the density of the A.P.V, erulsion lz;y on the
straight portion of the charscteristic curve wes snaller
than these two emulsions, but this renge could be extended f
for all emulsions by using « smaller development time than
that given by the mekers for normsl use. Therefore the |
HoPods and FP.4, emulsions were used elmost exclusively : 1
throu hout the present work, using = development time of
2 minutes with standerd Ilford I.0.2. developer (1 pert
lDe8e to 2 parts valer) st & tomperature of 209G,

the Astre emulsion wes only of value for lines |
in the range G400 to Y000 /ngstroms. The speeds of the
Lstra, RoFole and VuPo4. onuloions were approximstely equal,
and about one half that of the N.l.3. emulsion. Some |
characteristic curves obtained for H.P.3. erulsion at f

various wavelengths under these conditions sre shown in
figure 10,

The wiformity of the emulsion of the photogruphie
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plates wes checked Ly meking o series of exposures of
the stend:rd strip filument lomp, on ome shologpephie
plotes The temperature of $he lemp @l the tines of
ezpoosures vore corelvlly confrolled. The microchotoreter
wee then rn over the conblnncus speoies so oblained, of
verious wovelongdhs, the corrosponding donsities being
svalustods b one wvelength these should el) heve the
pene volues The densities wsotuslly ob'sined vuried by
0,75« The corresponding veristion in intenoity depended on
tho pertion of the ehersctoristie curve utilised; on the
}.iaew pm‘t‘im ﬁ':izx wes of the omer of ﬁ»&‘, but the

A furttm' m&nﬁ max m he M Ln
inteasiiy work is the questior of the exposure time of the

wmﬁngminmhﬁmﬁct&ataftmum
spectrum and poseible recipreeity lew feilure, Ihe
mimwlwhﬂmtﬁnpmtotﬂmwww&

oun mw bo shown Lo hrouk m, many vhen tine
vetios got biger then Bil. Sebwerischild (1829) gwe the
following relobion botvem M@, tine of expocun
ond denaiiyse
W = mm donoitye
m p hes o value of epn

R s
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Zhis relotionship is generally irus, but bieaks dowm
for vexy short, intense expesures, Lron lator foundie

log It = constent + m/[lag(%)f 1

where . end Io are eonstents for a
particuler erulaion,
and Teln gave the eguutionse

lagn-msmwm[%)%(i%,”]

« tnd Jo ugain being econstants
for & pertieuler emulsion,
4% lov intensities this equetion roducos o Sehvarzsehild's,
is fer es intensity rotios cre concerned the
exposure finms of the eclibee ting seotrun esn be uny multiple
of the line spectrun expostre ;xm’é'iéimgzm
1. Ho other calibreting oxposure beving & different
bime nultiple is to be used.
éw Thot p In e Sclwersschild eyuation dves not
vury with the intensity end / op wuvelength,
Froviso (1) oon be sutinfied by using & ealibreting
filtar hoving & sufficient numbep of steps to cover
wdeguately the stronceet and viaukeat intmsiﬁ.es in the
line speetran,

To investimmte provieo {2) test plotés ware taken

step




on which exposures of the eulibrating lamp through the
step filter at verious tines were made., An iron are specirum
wes leken on the same plates and used as a wavelength

reference. The caulibruting speetra vere microphotometered

and values of p obtained «t verious densities and wavelengths.

illowing for experimental error, the results obtuined
suggested thet p wes independent of the density and mrtnally
independent of tia wavelength over the runge emsldamd
(5,500 - 4000 ingstroms). The charceteristic eurves

obtained from cne of these test plules «t & wavelength of
4957 ingsirom units is shown in figuve 1l. The shift in

the ehurueteristies produced by the inereusing exposure

can be seen by reference fo this graph; the times of

exposure hed been so chosen that the peints shown circled

would hove fallen on & line corresponding to constunt density
if there vwere no feilure of the reciproecity luwe. Values

of p were obtained as follousie

by Selwsrzschilds= Iy Ty = Iz To¥ for a constent &anaity. '

ﬁ"(? ,

.i«ml@gxg“losll*pmﬁ
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or p = log Ip - log Ij
log 21
o

!

l

}

[

1

l

|

!

[

|

|

l

l

l

l

: For a constant demsity e.g. .157 (see figure 11)

'| log Ip - log I, is obtained directly as the abseissa; for
1 the two extreme curves whose time paraneters are 186.1 8ecs.,
]' and 10 secs.,

|

}] log 12 - log Il = 0‘88" ?_l e 1841 » 27 henoe
|

|

|

?

|

!

[

l

|

Iy
log T Ue
s -l = 1,27 i.e. y > —-—?3 = {,.693,
T, 1.27

Having found the conditions in which different
exposure times could be given for two sources, it was
decided to investigate methods of absorbing or reducing
light from one source in order thut convenient values of
exposure ecould be arranged, For example, some sources
require such short exposures that tining beeomes a
diffieulty; by suitable attenuating the intensity, the
éxposures could be inereused to couvenient values for

timing purposes.




 were within experimental error, : '}%

~49‘

Two methods suggested the&melves:-

1, Neutral Filter, |

2. Narrow 31it, - \
Neutral filters ave difficult to obbain, the simplest
possible being a wire gauze., Three thicuwiésses of a
wire gauze were used here, the thicknesies being cl&mped
Securely together to prevent novement. Ueveral test plates
were taken as followss= a sodium lamp exposure was nade,
followed by a calibrating tungsten filament lamp exposure,
The calibrating lamp exposure wus then increased, but the
photographie density was kept approximately constant by
(a) narrowing the spectrograph entrunee siit, and then
(b) by inserting the neutral gauze filter described above,
tuo further calibrating spectra thus being obtuined. The
exira exposure time requived had been predetermined iln‘
each case. Characteristic curves were obitained for eagh ’ﬁ
of the calibrating exposures (see figure 12) and the intensity Nﬁ
Fabio of the sodiun blue doublet (4983 and 4979 inmstron 11
units) then found using all three of the characteristie |
curves. Hesults obtained from euch ehamgteriﬁtie curve w

’ It was concluded that both a wire gauze filter
Or & parrower slit may be used to reduce the intensity of
4 source. The wire gauze filter wus used extensively in
bresent work owing to the diffieulty in resetting exuctly
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& slii width, this being due to beeklesh in the micrometer
sorew drive., It wes also concluded thut reeiprocity offests
cen be ignored providing thet the vevelongth ronge is not |
érect, and only one calibvating spectoun is uned,

= ¥y
Fl

Lo nierophotonoter used in the peovont work wes
& fully autorutie rocording %;f;"&s. The table and lenp unit
wus & nodified Hilger type lid8l, the modificstions consisting in
the fitling of & tvowsnoed, revor sible, - synshronous motor to
drive the table in eitler direction, snd the replacing of the
originel photocell with o photoraliiplior, 4 friction type
cluteh wus fitted to the motor in onder to revent danage to
the zoar trein should the teble reusch its end stop., The
photormitinlior wis feod from o stubilised nover supply having
couree and {ine selection of the oulput voltugs for ad justrent
of sensitivity. The output of the photeruliiplior was fed
into & dee. anplifiep consisting of & single "long tailed pair™
stuge. The cutput of this amplilier wes in twn fod into & _

 Tonepvell-brown "Eloctronik® Pecoplor. A constent voliage
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- i)‘,x -

time of half en hour, in order to stebilise itself,

The linearity of the resvonse of the nierophotoneter
was cheeked as follows. Une step of the seven step
calibrading Lilter of known density (seetion 5.3 below) and
& nunber of other filters were used; the setusl deasity
of these filters noed not be known. The deflection of the
nicrophotoneter was first obtained with the clear portion of
the seven step filier in the light boam, and then with the
sizth sfep in the light beam. (ne of the other filters was
then inserted into the light bean, snd the two previous
resdings (through the clesr, and throush the sixth step of
the seven step filter) ugein obtained, This process was
repoated for the rereining filters. In this cuse f{ive
other filters were used, 4 plot of defleetion with filter
against deflection without filter was then made, us shown
in figure 13. If the microphotometer response is linear
this plot should be a straight line. The plot illustrsted wes
nade with & medium guin setting of the nicrophotoneter, and
shows the responce $o be linear. Two other z:-lots vere nuade
using high and low gain settings to ensure that linearity
wes obtuined for all opereting conditions, This method of
checicing the linearity of = neseuring system invelving
opticul and electrical olements is & general method and wes

also employed in checking the linosri ty of the response of
amplifier systems used with the vhotorultiplier described in
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seetion 6,

& typieal treee of @ spectrum line with sn
attendent celibretion is shown in figure 14. 4 zood
feature of the recording microphotoneter is that it ensbles
the peun density of the steps of the cali brating speetrun
to be obtained, in spite of graintvaria‘t‘ions.

S b S % 23 . z e 5 Wb :
M, 4% 2l hre Ji%e “ton @

In order to celibrate photogrephic plates both the
inverse syucre law end the step filter netlods were tried.
These two nethods geve plate charueteristie eurves in eclose
agreenent, but owing to the tedicusness of the inverse \
square nethod, only the step filter nethod wus subsequently
used, ‘~
‘I’Im step »ﬁltar employod wus & seven step patieran
manufactured by ﬁcssrs, Hilger Limited., The optical densities
(defined as log gg. vhere 6o is incident intensity, o

transnitted intensity) of the seven steps were quoted by
the nulkers, i@m,'&afﬂt&wwmmm
whon used for the present work, so thet the densities of
of the filter wes ulso checked by placing red, green and

blue filters in turn, in the peth of the light bean used in
the nicrophotometer, and egnin meusuring the densities. The
filter wus in fect found to be truly neutrel, elthough some
falling off in density on the demsest steps hed occurred,
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ihis information is summurised in tuble 3,

Sa haracteristio Curves and intons Tatios

vith a ealibretion speetrun us obteined in
figure 11, the trece is converted inte valuss of S,
vhere 6o is the eleur plate resding and 6 ic the
step reading. The logarithm of this rotio is & mecsure of
the photogrephic density which is plotted sgeinst the
logarithm of the intensity, this being oblained from the
~ knovn steps of the filter, cesuming an arbitery incident |
intensity, |
. The density of the speetrum line nuy then be |
found either from the pesk recding of the trece or an integrated |
velue reluting to ite aren, In this irvestiszution both
dencities were mecswred, in the cuse of the integratod
intensities the uress under the ixzte:wiim.weimgkh curves |
were measured by & planimeter., Posk values were found to _ {
give the rost econsistent results especially vhen o wide slit 4
vas used for photogrephing the spectrum lines, In this case 4
flat topped truces were obtained (see figure 15) which
enabled the meximum velue of the line to be clearly seen.
“ith & sharp truce us showm in figuro 14, the plate varictions
alresdy referred to may produce a considorsble error in |
intensity valuos, Intesrabed values weve rrobsbly of little
mlm,aamthemafﬂmmsmtmgwwmm,
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grester then the sctual width of the lines. This should

not by itself provent & correct result from being obtained.
In eonclusion it may be stuted thet the wide

slit technique guve the greutest consisteney and should

therefore be employed whenever possible, It cannot be

used, for exanple, vith two nesr spectmum lines es couleseing

of iﬁihﬁ imeges will result. The resulis obiai

ned photo-
gruphieally from pletes taken on the constant deviation and

the Litirow spectrosrophs are given in section 8.




fwo types of photorultiplier were used in the ‘

present work., These were an RJG.0. type 9314 and s ¥azda
type 27Hl, Large numbers of the 4 mericen type were available
48 governnent surplue items after the list w r, but these
were found to huve very vurieble characteristics. Several
of the photomultinliers vere therefore obtauined, snd the cne
having the best charseteristies selected, Desirecble
eharacteristics sre high sensitivity and low dark current
(of the order of Ue2 microanps with & final voltapge of 260
at room tempersture). Vhen the Mazds type 271 photo-
muliiplier Leeare svailable leo “i;&-., 48 & Pesult of improved
sonufacturing techniques, the charscteristies of these were
found to be more nesrly similer, and at the same time, the
overcll sensitivity was generally about twiee as great as
the Releiis type (ofthe order of 600C microa nps per mierowstt
at 5500 Angstrom units) for the same depk current. The
Huzde type 271 wus essentially a modified version of the
Releie type 9314 mude in Bridain under licence. The buse

connections of the two photonul tipliers vere the sume,
General precautions found to be necessary when

using photomultipliers for intensi ty vork weresw
1, New photomultipliers should be aped (i.04 operated
at full voltage with a stronz incident intensity for
at leust 20 hours before being pluced into regular




service,

Pl

P

2e The temperscture should be kent constant, 143
the present equirment the bress mountingz for the
photomultiplier (see figure 5) had a suffi eiently high
thermal eapacity to shield the photomultiplier from irre: mler
tempercture oh anges, end provided that the photonultiplier
was given hulf en hour in which to stobilise itoelf .fter
being switched on, no further precautions ware considered
necessary. It should be noted however thet lowering the
operating temporature of the rhotomul tinlier results in s
reduced derk current which is an edvantege in the ease of
faint sources, ap the signal to noise ratio cen be inereased
in this way, Velting ice or liguid sir ray be used as
coolents, & photormltinlier nounting heving & double externsl
wall to econtein the liguid being used for this DULPOSe o

J« The power supply should be vory stuble, othervise
troublesone fluctuctions sve likely to veeur with direct
observetion or d.c. anplificetion of the cutput signel. The
requirerents wre not so stringent if a "ehopping” technique
is used. It wus found thet new dry butieries vere more stsble
then commereiclly wveilable stebilired eleetronie supplies by
a factor of 3:1, Batteries were therefore used in this work,

4. Fatigue effects were likely to cecur with intense

incident beums, It wus thovefore found desiruble to limit
strong sources by using & narrow smctrog;mph enfrance slit,




nsac-

5. It is desirable to utilise the seme rortion of
the phutoee:zt}mda (Kechane end Vetealf 1955) for eomperative
‘purposes as there mey be o varistion in sensitivity over the
cathode. :
' The constant devistion spectrogruph wos the most
convenient instrument to use with the plotomultiplier, and
consequently nost of the preliminary photomuliiplier work was
earried out with this speetrogreph. /s previocusly steted
wn aduplor wus constructed for the Littrow speetrograph, only
direct readings being taken on this instrument. .

JAROHE L Nan S iaiinnts w© 4 LiC U0 O

The photomultiplier was mounted on to the constant
deviation spectrograph by means of a speelally constructed
adsptorse The pover supply for the photomultiplier (both
photomul{ipliers used were of the 9 stuge type) wes e number
of 120 volt radio=-type dry butteries connected in series,
the eircuil errengenment being showm in figure 18. Eight
of these butteries were used to rrovide a total BJLT.

voltage of 960 volts. This voltage wes continuously
monitored by mesns of an electrostatie voltmeter so that

any deterioration of tho batieries could be immedictely
cbserved. The dynode voltage was 96 volts per stege obtained
~via the potentioneter network of tem 47 kilohns carbon type
resistors. These vere of } watt dissipation to prevent eny
exeessive thernel effects uffecting their resistance. The
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measuring instrument wes conneeted to terminsls A and B,
this necessilating the ewrthing of the positive end of the
‘supply voliuge. This inetrument wes e Pye "Sealamp™ type
gulvenometer vhen the components of the rercury triplet were
being compared, this huving a coil resistence of 100 ohms.
before using the apparatus for intensity

rouswrerends it was allowed to huve an initiel "we .
period of half an hour, Resdings were then tsken on the
three eomponeats of the mercury triplet by rotating the

" wevelength drun and so ceusing esch in turn $o full on the

photomultiplier entr.nee slit, This was of w‘f’i cient

width to allow ¢ll the 1i ht from cne lire to full on the
photorultiplior cuthode, The procedure wus to rotute the
wevelength drum until o maximum deflection of the sulve-
nometer cccurred; the photomudiiplier entrsace slit wes then
widened until no iurther inerecse in deflection wus obtauined,
80 ensuring that ell of ﬁaapmtmimﬁnafamngmb
the photoeathode,

Calibretion of the appuretus then consisted in
setting up the stenderd tungsten strip filement eclibreting
Lamp (ab an operoting tempersture of 28009K) end thenm
reconling deflections of the galvanoneter far veriocus
wavelangth drun %ﬁtiﬂ@. in this way a canplete rosponse
eurve of the upparatus fo the white light was obtained (see
figure 17) vhich could then be corrected for the blsck body
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distribution of the ecalibrating lamp, as shown, using

data obtained from figure 4. Using this eurve the intensity
ratios of the mereury itriplet eould be found. These velues
were correctod for dispersion with corrvections for the

cerrosponding weveleaghhs oblained from fipure 6, Strietly
speaking, it wes only reclly necessary to take culibrating
lamp resdings at the desired wovelengths (in this case the
wavelengths of the mercury trinlet) and this wus in fuct done
when readings z=azaz;e feken on the Littrow spectrogreph. Similer
reudings were faken on the Littrow speetrosraph using the
photemul tiplier mounting plute shown in iguve 9. In this
case the dispersion corrections were obtained from figure 8.
Before the galvanometer resdings taken of the
mercury triplet were converted into relative intensities it
was neeessary to kmow how the response of the photomultiplier
veried with incident intensity, Tho munufecturers stete that
& lineer response is obtcined st all wavelengths. To verify
this the sevenw-slep neutrel filter wus used in eonjunction
with the stunierd ealibruting lemp, wash step being placed
over the slii in fum, the corresponding galvencreter
readings being taken. This process was esrried out st two
vuvelengths situated at the ends of the wewelength renge

used, the resulting response - intensity curves obtained
being shown in figure 18. These curves show that over the
i.ntensity renge used, the response wes lim Helative




veierry LA, J20 i e 8 ‘o b L/ s et oliigu. stvmass . e N N do cihi G b Yoot beo e L e

)
&s)

NS 1 8 084 O 15 )
VSR SEWER 6 a3 B d o1 RN B B i 1) )
0 G >'L.,a 1 + - “.o +—+ SR S SN ) HAD e Y..y.‘
0 R B+ PGS gL i ) 0 A

i ,‘ ‘w,z‘.,‘.,lu.‘ W ] “ 

B8 2 0 L O an I
s

V.8
000

| —

Bos

B o
.

-
1
i

A\
TN

fnl's'l(.’. AL: ary

%l
k
1

0

i
]
-+

™ 1
14 My I
il 11 M,
N
K O
BN P
N
N
- Py,
" B SR N
| ++ 1 LN
Tl
.
L !
T O
TR | 1
X ] e
1/ ! T
e ] i I
- s : -
AN 1 5 L 9 e G
N ST
i “.PA 1
+
LT i B % B,
_ j RN f .
! - | /"/f 1 4
I | Ll e x ]
i | b3 I B t _ 1
T T T .
i
| 1 I N
T TS et -
i i -
1 1
1 - TP
L& 30 -+ S 4
B i e 3
I LR N
I IR WEE
1 ] T q
i ] 1 —
1 ! Rt
+

S ] B
5
1
I

I L1 0 O i S
= ITT o i ! I 1 1
| 11 | | ,r% ! | I
1 & 0 1 i t I T
ko e LR Bl EELL e aEme ¥ ] AR




intensity values for the meveury triplet were then
obtuined by dividing the gulvancmeter resdings obteined for
‘esch line, by the omiinstes oblained from the eurve eorrected

for bluck body distribution im figure 17, at the appropriate
wavelangthe. ' ,

48 stubed, readings were taken of the components
of the mereury triplet on both the constunt devietion and
Littrow spectrographs, Resulie obiuined are grouped together
for comperison purposes in Section 8,

Lloe B REESRATI 4 ui:. pEni il 1an
Vhen eertain wesk speetrum lines were being
compared it wes found thut the photomultiplier response wes

= inmf‘fieimt to give reusoneble galvancmeter deflections.

i specially designed emplifier consisting of & single
electrometer tricdevalve wes therefore ecucliructed and used
as the necsuring instrument, its input terminals being
connected o the terminels A and B in the photomultiplier
anode eircuit (shown in figuve 16). The output terminals of
the umplifier were comnected o « moving coil gulvenoneter,
The sleciromoter iriode wus connected in a
stable single stege eirvenii (Horton, 1932) so as to elinminate
veriutions of ceewmlifor euiefs which would otherwise prove
extrenaly troublesons. in electrometer valve hss & high
input impedance wiich is ideslly suitsble for the srall

ewrents to be emplified (tmzhmmmammm
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| L gurrent). The type used here was sn Csrem tipe B.T.1. and
this was connected in the eireuit showm in figure 19, The
Lelals reuires o filement current of 100 nilliemps, ite
filemeni resistance being epproximeiely 10 ohms st this
r fi S current, end it also requires en anode voltage of € volis.

5 These are both cbiuined from & single 18 volt accumulator

! f : as shown,

i in this eloctrometer eiveuit, Re/ is e standard

10 ohm pesistance which is used in conjunetion with the
stendord cell for setting the filament current to the correet
value, The gulvanometer is switched $o terminals a and b
for so calihrating the {ilument current, resistance R3
being od justed for zero ggilwmomm deflection, The
galvanometer is switched to terninals ¢ and d for messuring
the amplifier output., It eun be shown thet this cireuit is
indenendent of sccumilaetor o.n.f. vhen t=
R~ = B8 RE. 1
&5 M T Pa o= BRL
vhere ra = anodo resistance of elsetrometer valve
= 10,000 clns,
# = aonlification factor = 1 at the operuting
conditions of the electromoter velve.
B¢ and R5, and Rg end Ry are adjucted for this condition
to be salisfied. The rskers' figures give the bias voltage
of the electrometer velve to be -l volts for minimum grid
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curpent,. The blup vold: ‘@8 conointe of the voliage developed

2% Bow Bl 20 % cuns : § i § ", = a SR
neroce o} oy e filent current minus the velicge develoned
Serons dy the

by the dork current of ile
photonul $inlier, This innut resiotonce wes 10 neplns, the
voltuge developed ceross it by tho dark current of the
nhot: »fi’f’iiﬁ;i‘;{}ii%i" being approximately 2 volts, Thorefore R
wis mode a JU ohm resistencs so that tle total grid bigs
voltage should be =L volt. The conpleted wnplifier had @
current sein of wonro xinately 12 tines, with & zero arift of
5§ x 1o=iU amps ner minute, (The cuwrrents boing recsured were
of the order of 10™' anps ),

The amplifier wes used in the recsurenent of the
noreury yellow lines desor

ith this teelnique en interra phing device wus used in

the puth of the lizht besm frem the source to the spaetrograph,
Various forns of intercupler have been used in the nuety as
for euwrple, & rotubing seetor iriven by & synehroncus
notor (Savitaky and Balford, 1950 and logn igy Hyde end ideock,
}.Jléj & rotating nleror ("hite end Liston, 19850, cad Tetlow,
Feiuslen, Brimley :md Fries 1981} end sn eloctroma; meticully

inteined vibreting leafesnpi ing (Richerds, 1958). faother
_m@ﬂa@eg viich wwvolds mechanienl ¢ componentis is pulsing of the

photomuliiplier surply vol toge, (Hendee wnd Brown, 1956 : .

The edventege of this "ehooping” fog! aique is tizut drift =




dark eurrent are of little significance, snd this is
perticularly importent for weak simmals vhere & large degree
of emplification may be required (Kendieh and Brown, 1952),
Utilising this teclnique on the constent deviation
speetrogruph, the photomultiplier wus mounted in precisely
the same way us for the direet method, the I.H.T. voltege
agein being 960 volis. The cutput fron the phiotomultiplier
vus hovever sn elfernating curvent whose frequenecy depended
on the speed of interruption and whose weveforn was virtually
SQuLres in deCe caplifier wus therefore used to amplify the
photonul tiplier ouiput, the cutput of the a.e. emplifier being

used fo dellect a moving coil gslvanometer

-in the ususl menner,

«t first in this work, @ roteting sector driven
by & synchronous motor wes used as an interrupter. The output
of the photonultiplier wes fed fnto a Fuirhead type D=669-d
selective amplifier, the cutput of the amplifier being
rectilied by @« bridge of G.E.C. type G.E.X.55 germsnium diodes
mounted in & n@;ht«u@t tube, and being smoothed by a 32
mierofercd eleetrolytic cepueitor Lefore being fed into a Pye
"Sealamp” typa gulvenoroter having & coil resistence of 100
ohnse The seleetive amplifier wus used to prevent or reduce
piek-up. Unfortunciely, vith s synehroncus rotor operuted
from the 50 cepese muins aappiy, the interrupted fmgmey
was alwaye & mtipla of S0 Capes. With the perticular seetor
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i : used it was 150 c.pes. (motor speed 750 r.p.Ji., sector 12
slots) and it wus also found thet pickeup wus extremely
troublesome at this frequency, causing violent wendering of
the sslvenometer,

4 vibrating reed device wus therefore constructed,
the reed bein; ritted with & puddle of sufficient area to :
interrupt the light beun vhen placed aljocent to the |

- spectrograph sli.h The reed length wes ad justable (see

figure 20) so thet its frequency of oseillution (when the
coll wus fed with‘ an 'mtmating vollege of suitable frequency) i
could be veried. The evil of the deviee was fed from & . 1
beut frequency oseillutor via a suiteble transformer. (4 |
later nodel wes vound to operate direetly from the B.F.0.).
The vibrator could then be orerated st varicus freguencies
up o 200 e.pe.s. which wus the upper limit of its fregueney.
A cheek was kept on the gelvanometer to observe when the
pick-up {in this frequeney range) wus & ninimunm , It ves
found that a freguency of 75 ¢.p.c. ves the optimm, A

bloek schematic diagren of the equipment is shown in figure *
a1, | | i

component of the mercury triplet ws sllowed to fall in tumm
onto the photomultiplior, by adjustment of the wevelength
érm, The intensity-respense chureeterisiic of the apparatus

' jormined for euch wavelength by inserting & series of 1
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soutral filters of known absorption into the light beam,
and recording the earres;imndingg galvanoneter readings.
The resulis so cbtuined ere showm in figure 28, in which
the response is seen to depart slightly from linearity
fer the higher velues of intensity, until, eventually
goturation was resched. It was desirsble to swoid taking
readings on this sstureted portion of the cheracteristic.

Calibretion concieted in setiins the standard
strip filament lemp un, us before, and arranging thet the
deflections obiained at the desired wavelengths (that is
those of the mereury triplet) lay on the intensity - response
curves of figure 22, .

The gelvenometer recdings obtained for the mercury
triplet could then be converted into comparalive intensity
valuss by dividing the intensi ties obluined for the deflections
from figure 22 by the intensities obtained for the celibreting
lamp deflections at the respective wivelengths, and at the
sano tino milbiplying them by fuctors proportional to the bluck
body emiticd inteusities et the eyuivelent wavelengths. These
fuetors muy be obtained {rom Table 1 or figure 4, Hesulis
obtuined by this method sre given in seetion 8.

ieda Photonulbinlior cntiunge slit 3 dib.

i test made on the constent devietion speetrograch
wee to investigute the effeet of photomuliinlier entrsnce slit
width on the ratio of intensities of two near spectrum lines,
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The tests were rerformed using the sodium D lines (6 /ingstroms
separation) and the mereury yellow lines (20 ingstroms
sepuration)s It was found thet providing the lines were |
resolved by the speetrosruph, the slit width had no effeet

oa the intensity ratio; but es the entruonce slit of the
speetrograph vas widened, and resclution of the two lines |
became less porfect, the ratic would become smeller. This |
wus elearly indicuted in the cuse of the mercury yellow lines,
elthough in the case of the sodium D lines the instrument
“itself was unable to resolve them completely, the muximum
ratio of intensities obteined for the sodium D lines was 1.2,
(”ﬂmmtieauy the retio is 2 2, but the rain recson for the
low value obteined here was eubrequently found to be due to
the sodium lump used es the source; this is explained in ’
section 8.) The intensity rabio obteined for the mereury yellow
Lines wus 1,06, these being measured in conjunction with the

aan LA e

ag their mtmky veg small eompmmﬁ with that of the sodium i
D lines.
"hen calibreting the photemultinlier vith the tungstem
otrip filement lemp, it wee found desireble to have the -
photonultiplier entrance slit width ss small we convenient;
otherwise tco wide o range of vevelengths wes puseed at any
particular drum cotting, this giving rise to en inesceurste
calibration especially al the extreme wavelengths covered by
the instrument. ’
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The Schwarz cell was & type F.T. 400 mapnfactured

by Hilger Limited, end consisied of a seniconducting element
mounted in sn sduptor suitsble for citachment $o the conetent
devistion speetrograph, The semicondueting eloment wus mude
of esdnium selenide (Schwerz, 1948, 1949 and 1951) whieh
 utilises the photo-resistive effect nreviously described. The
dark eurrent of the cell wes (.36 miercamps with sn applied
voliuge of 10 volts, end 0.58 microamps with wn applied voliage
of 18 volis, o series limiiing resistor of 10U negolms being
used in esch ease, These durk currents vere incressed by
sbout 507 by an incident strong line whose wevelength was in
the working renge of the cell, ihe uleetricas ecircuit uced
with the sell is shown in figwre 3. ihe cell was used boll
directly as shown in this figure, cnd in conjunction with the
clectronetor triode amplifier designed for use with the
photomultirlier (see section 6.1). In this instence the

10 mha;ui lesk resistor of ihe electrometer velve wus
joined in series with the Sebwurs cell, The mekers say that

the cell is suiteble for the "ehopping” tochnijue st 800 e.peSe

but thie method wes not tried with the eell, becuuse of its

subse uent evnsidered unsuitebility for intensity mwrmtn,
Vessurements with the cell were taken using

 the mercury yellow lines end triplet, the resdings on the

mercury yellow lines being teken in conjunction with the

electrometer iriode smplifier, The resdisgs consisted in

};
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odserving sulvancmeter doflections us esch spectrun line
vas thrown on to the cell by nesns of the wavelongth drum,
st first, the roudings oblained were extremely vuriable, snd
il was subsequently found that the eell element hed « large
temperature coefficient of resistance. Pranghts would produce
& lurge change in (he zero reading these being eliminsted by
surrounding the cell with a box pucked with cotton wool,
However, it was then found thet the redi tion itself was
heating the element, wnd wus so producing a drift in the
deflections. The temperuture cue-sfficicmt of resistance
of the cell wus investimted by heating the eell to vuriocus
tomperatures and mewsuring the derk current ot euch. Those
results are illustruted in Teble 4, wnd shov that & 35°C
increase in ambient terperciure resulis in u 659 increase in
dark current,

To eliminate these tomperature eilocts o tank
was construeted whieh mounted on the spectrograph exit tube
ad jucent to the point vhere the Sehwerz cell wes mounted,
(8ee figure 7). This tenk could be filled vi th melting ice,
or liquid air, Using molting ice ruch more stable results
wore obtained, although « period of sbout 5 minutes Was
required after a ' ine wae received by the cell for the
deflection to reach its stesdy value. Ueing liguid air as
coolant, it vue found that althoush the dark current dininished
to negligible proportions and thet the sensi tivity of the cell
ves approxinately double thet ut the reltiag iee temperature,
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fenporature. | Galvo, Defleection. | Dark Current.

23.59C. 71.5 ena, 008 ni,
29,0 80.2. 0,68,
34,0 87.5. . 0,1,
39.0 96.0, ' 0,78,
44,0 103,6. 0.84,
49,0 111.9. 0.91. |
53,0 117.9. 0.96.

Sphwerz eall tvne #7404

£ (Applied voltage 18 velts) |




dellections took even longer to reuch their steady values,

(10 to 15 minutes being required). WMo readings wers
obtained af liquid sir temversture becuuse frost formed
uerces the cell connections, effectively shorting it out.

Heudings vere fusen of emeh componont of the
mercury triplet wilh the cooling tenk filled with melting
ice, each line being received in turn, Ly the Schwerz cell,
on suituble rotetion of the wevelength drum, in applied
voliage of 10 volis wus used for the meusurerents, and the
cell slit widih wes adjusted in secordence with the comments
given previously in section 6.2. J Fye "Seulump" type

gelvenometer vas used having a eoll resistunce of 100 ohm.
This type of gulvanometer is very suituble for use with

the Schwurz cell as the extremely couvenient zero ad justment
enables the durk ewrent of the cell to be effectively
biussed off,

Calibration of the cell consisted in observing
the dellections oblained with the stunderd tungsten strip
tilarent lamp ot euch of the three relevant wavelengths,
and then inserting a series of knowm, neutral {ilters
between the celibrating lsmp snd the entrance slit of the
spectrograph, corresponding galvenometor reudings being
observed. By this rmeuns sn Intensity - Deflection greph
ves obtained for the cell, «i each vwuvelength, these being

shown in figur- 24, The deflections obtained from each
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spectrum line vere then converted into intensitios by
means ol these gruphs, and then into relutive intensities
by correeting for the blaek body distribution of the lemp,
ap previcusly. Further ecorrections for dispersion and
omissivity vere also « pplied in the menner previocusly
described. 4 response w v velength cherueteristie for
the Selmwrz cell wus obtained by uwsing the standurd lamp
a8 souree snd observing the gulvanoreter deflections for
various wovelength drum setiings. The curve obteined is
shown in fisure 25 together vith the corrected curve for

bleck body distribution and dispersion of the & nectrograph,

desults obleined vith the Sehwers eell are given

iz,z seetion B below; it is thought thet the heating effeet

of the rediction received by the cell royuires thet adeguate
cooling be applied » Othervise sunomelous resulis will be
cbtained; the cell is slow to use (beesuse of the slow drifts )

and it would therefore seam thut its use is as g detector

of speclrum lines rather than 8 @ nessuring deviece for
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which eodiun cldoride wus being veporized as the source.

1t wes found thet the intensity retio of 5898 : 9890 veried
froml : 1.2u tol : 1.7 aceording to the amount of

sodiun ebloride being vaporized. A further check was made

by teking & plate of the sodium D lines in absorption,

light from a tungsten filument lemp being passed through

the bunsen flame in which sodium chloride was being vaporized,
The intensity rutio obtained by this method was 1 3 1.45,

€3 2

LLOLELDILG. Decgurerant of mereurv irinlet on

AL S0eCLPoaPun

Several photographie plutes were tuken of the
mereury iriplet using the 100 watt nereury lamp as source.
The calibration wus in this cuse obbained fron the tungsten
strip filunent stendard lemp end the seven step-filter, The
intensity rutios found sre given in Table §, the ratiocs
shown being corrected only for the black body distribution
of the culibruting lamp. Other correction factors vere
epplied later to the meun values of these ratios, The mesn
volues are showvn in the table, together with the deviations
from these values, Finally the intensity ratios were
corrected for the variation in emissivity of the tungsten
eulibruting lemp, end for the dispersion of the instrument,

The emissivity correction faetors were obtained
from Teble 2 by interpolation, the main effect of the

correetion being to increuse the intensity of the gr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>