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AflSTOACT 

A 3JASI-KULL lETOOD OF MEASURING SHALL AÜ0UKTS OF 
*    KADI AKT 5K5RGY 

OBJECT 

Tlds investigation war: undertake« tö find a method for measuring the 
jStrn^kUL amounts of ultraviolet radiant energy used in the conversion or 
cl «so opposition of certain araiao acids, 

T>igy;Tn,TS :$D CONGLUSKUS 

The Coblcntz astatic galvanometer used in this energy measuring method 
-wvca»    found to be subject to drift and change of sensitivity, probably dufc to 

•Aations in torque on tho suspension.    To alleviate this, o micro-screw 
nrapwns designed and. built widen aade possible tho adjustment ot oensi- 
.vity without changing the rolative positions of the sensitizing magnets. 

I i-^"vd.rit found that trie linearity was best near the center of tho scale, 
«a     Wenner poter.tior.ctcr was peronnontly added to the system so that readings 
c O'JtJ-d nlw-73 be aade near zoro.    Vhe smallest division on the './ennor being 

tjuLvalent to 3 cm. on the galvanometer seale, and tho fact that physical 
roldan coincided with scnle tore gave rise to the adjusted intei>- 

j. ->^> M..«* tion Jaöthod of evaluating the energy.    All ssaasurements were made with, 
rarcury arc lamp which is subject to fluctuations of 2 to 3%.    It 1J 

es-ot>able that this is the limit-in." f.-.ctcr in the accuracy of the metbod. 
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A qUASI-NUUU 1ETH0D CF UBASURKIG SfcAIl AMOUNTS OF 
RADIAN: ENERGY 

I.   INTRODUCTION 

The energy ffleasuring «ethod to • . described in this report **• ctovoi^ödi 
in connection with U* study of <i>» quantitative relation bet«Mn ultra- 
violet energy applied to the skin and i-he dearee of cerythosa and pig»snta- 
tion which follows.    Since the am.no .;cido phenylalanine, tyrosine, and 
dihydroxyphenylalnnine are involved in 3kin pigmentation, one of the first 
stops in Use investigation was to fir;«   the relation t*tween the amount of 
ultmvioict radiation applied rsnd the  conversion or decomposition of these 
amino acids, 

A.    liothod. 

Since v;ork wss done L\ the *50 m|i to 300 r$» region of the spectrum 
with substantially nonocliron^tic rauiMtion, end. since there {ire no powerful 
and constant sources in that region, the energy to be rap »surcd was small, 
about it) uw/cr- (of the sane magnitude as the flux fro»i a 100 Ä light b»ilb 
falling on an area 300 Qm distant}«    For this reason precautions were taicen 
to obviate effects due to changes in the surrounding heat, iignt end elec- 
trical conditions. 

"*» The ultraviolet source was an A-Ho mercury vapor lamp in a quarts 
jacket operating at about 110 atmospheres pressure r,nd riving approximately 
10 •/ output in the region 250 mji to 300 raw.    The beam of light from the A-ii6 • 
was rendered monochromatic by a Farrnnd Double llenochrömator, Model 30Ö"'$Ü?7~" 

An Eppley 12 junction linear spectrum type thermopile mounted in a 
vacuum case was the radiation receiver for the measurements.    The theraopil« 
wss chosen in order to measure the absolute energy directly with a frequency 
independent instrument.    1\xc caso on the Eppley pile made it possible to 
operate *>t reduced pressures 3u as to increase the sensitivity.    This wag 
found to bo unnecessary. % 

A Coblentz astatic galvanometer was used.    In some preliminary 
"experiments""-it was-found XhatT calibration of this instrument was time con-" 
sumir./» and good for only a short period\of tire.    The sensitivity often 
changed by as much as 2% in 2A hours so the quasi-null method was set up. 

A tfenner tlwsrraocouple potentiometer was permanently added to tbf 
system.    This potentiomotor he« discrete «tops for potential selection, the 
Smallest being 0,1 /*V»   It is alsoequipped with a reversing key so that 

iystemo'tic orro**' In the^JvahoS^er,    Since t^C^^^^l^S^Uewi^^ 
U8od at a itimiiJL^^^ß^'^^S^ai^'^ cr/m thsro was a""'tnröw;'"oT;^«-1f«"" 
the smallest di^isior. of the j^efi&Ui«et*rt ' *bspa.fsKr;-t*r*> settings oaJÜA»^.^ 
V/enner had an adjusted interpolation wore uäed to coroponaotc for the slow wro 
drift which, in jTactical application, cannot be eliminated and was found to 
\->e linear over relatively chort porioda of time (8 to 10 hours).    The inter- 
"-ol'.tion io illue! r .tod 1'iLi-r by an ex.'itipl»?« 



The sensitivity of Uw £oblenta gaivanoineter «as controlled by the 
two sensitising magnets which wore supported by rod» which slide in sleeves 
mounted on the top shield of the system« Tito galvanometer gave the greatest 
accuracy if, it the rest position» there was no torque acting rather than 
if there »ere compensating torques acting. As delivered trou  the manufac- 
turer, the sensitizing magnets, on the instruseat can ba rotated and trans- 
lated independently. K* a result of this the no torque Condition was 
eactrenely difficult to attain. *.ath parallel lines scribed on the bottom 
of the top shield* and by projection of shadows the sensitizing magnets 
'»ere aligned so that their common line of action passed thru the astatic 
suspension. By this adjustment extraneous torques were reduced to as noir 
zero as ^x>ssible. In this position the sensitizing magnets were clanpsd, 
as a unit, so they could be raised or lowered by means of a micr~- -crew, 
but could not be individually rotated with rospect to the astatising magnets. 
Rotation could bo effected by turning the top siiicld. 

The measurement was nude as follows: The lamp was sot in front of 
the entrance slit of tho nonochromator, with the shutter closed, and the 
galvanometer spot brought on scale by rotating the top shield. The direct 
and reverse zeros wore brought together by adjusting tho potentioneter. 
Upon opening the shutter the spot was deflected fron the scale and was 
brought back by means of the voltage dials of the ".«enner. The next step 
was to find the optinun position of the lamp. The lamp was moved so that 
the spot was sent off scale due to the thermopile. Then more voltage was 
topped fron the V/enner to bring the aj>ot back on scale. The coving of the 
lamp ^nd changing of the '..'enner potential was repeated until, after a series 
of these approximations, a condition was'reached where movement of the lamp 
in any direction would result in a deflection of the spot due to the potenti- 
ometer. This was the optimum position of th$ l&qau 

The shutter was now closed and the potentiometer was tumod back 
to zero. Next, four readings were taken: (a) aero, (b) minimum deflection 
by ncans of the voltage dir.ls of the .«cnner, (c) minimum deflection the 
oti.or side of zero, (d) zero. A set of readings from actual measurement 
illustrate the method. Only direct. Hofloctions are shewn, it beior kepi- 
in mind that in actual practice a set of reverse readings also '.-»ere taken, 
the average of the two readings helped compensate for any erros 
residual torque not precluded by the clamp. 

Potentiometer 
reading 

Galvanometer 
reading 

cm 

Zero 
Minimum deflection one ; ide of *<?ro 
Minimum deflection other »id« of 

0.0 11,6 
3.7 JM 

black 
n 

There »ere threo equal tine intervals between the first and last r-ro read-" 
inga and the eoro shifted 0.6 cm. toward tlie black in the tlrao between them 
readings.    Assuming constant drift in equal time intervals between.readings, 
the drift between readings was 0.2 cm., 0.2 cu., 0.2 em.    Then tho adjusted 
zeros wore: Zer 03 n 11, £ 

i-ei'oq ( 12.0    hi •.(:!: 



All readings «fere noradiAed with respect to scale aero»    Thv.t ia to «tayt 
the aero and the reading for 3»? jw were coved il»9 etu toward the red» 

20.6 B - 11.!? B -i..^      K 

Then the fraction of the scale distance that aero «*ic aw:\y fron the an&ller 
l»v rending toward the l^rj^er was found to he (red numbers were arbitrarily 
c lied nec.tive)  - 

1,0 - (-l.r) 

.:"-:"'". • 

The distance correapordod to 0,455 of 0,1 jnr or 0,05 |W,    This value waa 
added to tho acvnllor of the yev readings: 

3,6 4 0.05   a 3.65 jiv 

The JJV reading were converted to energy values (joule«) by use of the 
calibration figure of the therropilo (0.0454 > £J «• )» the «"«a irradiata*«jt 
and the tin» of radiation. JW/CR. 

B.    Example of utilisation of mothod: 

Quantitative de terra nations vere j»>i#t of the production of tyrosine 
fron phenylüinninfi wA of diriydroxyphenylwlunino (dopa) froja tyroain«,       • «J3L 
Theae were done as part of a more" coßplöto investigation repc5tted~in~^det^Sl-f^ 
by K.    Schocken (l).    The other experinenta wore not concerned with tho   •%&£*.- 
anount of energy so are not pertinent to this report» T\'":l^:'^$£^^ 

4.0 n,:. of puenylalonine in U ol.of buffer solutior. of pH 7 was 
irradiated with a band width of 10 ap centered at 270 i^i.    Usin£ snow's 

-js-ocedurcj-wiih 1.5 K1. of this solution,  the foilesfin/: results ^sere -sfctaiaed 
with 1.5 n/> phenylalaninc J 

T JJ       11   - ,, 

tine (hrs.) 

8 

"•;•'* -2 

Uoulns) 

22.2 
9.0 
4.C 

tyroaine (ag) 

0,000 
0,004 
s.002   "~; 

iliis •; «a««| ;itV^:iaß*.••©£ 
of pli 7.    As before, the band width was 10 ciji centered at 2?0 -jyu   The taS&r 
gives the results? 

a». 
. i 



Xrrad.kUon Energy supplied tteWof 

B 51.0 0.006 
8 i r\   r 0,QQb 
« 4*,? 0,004 
8 42,2 0,004 
6 29 »4 0,004 
ß 14,0 0,004 

In this case there appears to be ;«\ equilibrium or saturation of don« 
beyond which the aaounts of energy applied would not alter the esixture. 
Since the .oslanin content increased with increase in energy it seeos safe 
to conclude that the production of dopa does £o or» but After a certain 
level there is just as nuch dona coiAC *-o nelanin as ia being forced. 

Ill,    (ftWr^MS 

The noUiod is a definite iftpravesisnt over a direct «assuring «ethod 
since it obviates any change in sensitivity of: the Ooblenti salv/anoiapter 
and it onkes use of the galvanometer at» or near« it« position of eeehai*» 
ieal rest, »here the deflection can be expected tc be linear, 

iv. fgmmmm 
None, 
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