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ABSTRACT

It has been found that when frozen thymine solutions are irradiated
by ultra~violet light a photoreversible. steady state is formed between
thymine and a thymine dimer, The suggestion has been made that such
photoreversible chemical reactions might be involved in the photoreactiv-
able mutations that occur upon irradiation of viruses with ultra-violet
light, In order to give further credence to this thymine dinucleoside,
TpT, was prepared.and irradiated by ultra-violet light as described in
Part I. A wavelength dependent photosteady state was found tobe estab-
lished by this, and the quantum yield of the reaction of TpT to its
photoproduct determined., The existence of this steady state and the
magnitude of the quantum jield (0.002) support the supposition that
similar reacdions may cause the photoreversible mutations in viral DNA,

Part II describes the determination of the action spectrum of in-
activation of plaque forming ability of Tu bacteriophages grown in the
presence of the thymidine analogue 5-bromodesoxyuridine (5-BD). Under
these conditions 5~BD is substituted intothe DNA in place of thymidine.
Such substituted DNA has been found to have increased sensitivity to UV
light at 254 mg. The action spectrum was determined to more precisely
define this increase in sensitivity and to obtain additional information
regarding the UV inactivation of DNA. It was found that 5-BD substituted
Th was uniformly more sensitive to UV than unsubstituted T); this effect
was most striking in the 302 to 334 my region where a facter of increased
sensitivity up to 500 to 1000 times was noted. Furthermoré, unlike unsub-
stituted Th’ killing of 5-BD substituted Th was found tc follow "one hit"
kinetics, The action spectrum indicated that 5-BD was directly involved
in the initial steps of inactivation and was compatible with the possibil-

ity of transfer of absorbed light energy along the polynucleotide chain,
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INTRODUCTION

In recent years methods of chemical synthesis of nucleotides,
nucleotide coenzymes, and polynucleotides have been developed (1).
This has opened the way for wider physical and chemical studies of
these molecules; such studies can be expected to be very fruitful
in the future for the understanding of the biological functioning
of these molecules in precise chemical terms. In this paper cer-
tain experiments which deal with one aspect of the chemistry of
such .compounds, their photochemistry, are presented.

It has long been known that irradiation with ultra=violet
light (UV) is capable of bringing about mutagenic and other changes
in the DNA of organisms. Two major classes of such pﬂotochemical
changes have been recognized: those capable of being reversed by
"visible light" (photoreactivable) and those which are irreversible
by this means (non-photoreactivable). Beukers and Berends (2),
Wulff and Fraenkel (3), and Wang (4) have recently demonstrated
that UV irradiation of frozen thymine solutions leads to the form-
ation of a photoreversible steady state between thymine and a
thymine dimer. Wacker et al (5) have also recently demonstrated that
UV irradiation of native DNA leads to the formation of thymine dimers.
It thus seems possible that such photodimerization reactions might
be associated with the photoreactivable mutations observed in the
irradiation of native DNA. Indeed, as it turns out, the quantum
yields of these photochemical reactions of thymine appear to be
in the appropriate range (6). Experiments described here were
carried out to further characterize such photochemical reactions in

a thymine dinucleoside, thymidyl=(5'«3')=thymidine (TpT, I, Fig. 1),
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The first portion of this thesis describes the synthesis of
TpT and the determination of the quantum yield of the photochemical
reaction which occurs when it is irradiated in solution. The second
portion deals with the determination of the action spectrum of UV in-
activation of 5-bromodesoxyuridine substituted bacteriophage. This
is of interest because this inactivation apparently occurs at longer
UV wavelengths than in unsubstituted DNA, very likely at higher
quantum yields, and is entirely non-photoreactivable. These differ=
ences were more precisely defined by the experiments described, and
some observations are made concerning them in view of the absorption

spectrum of 5-bromodesoxyuridine.

SYNTHESIS OF THYMIDYL-(5'=3"')~THYMIDINE

As early as 1952 J. D. Smith and R. Markham (7,8) described
ihe isolation with paper chromatography and electrophoresis of sev=
eral dinucleotides and dinucleosides from the deoxyribonuclease
digestion of DNA. However, only "small* quantities of these sube-
stances were obtainedfﬁ The first chemical synthesis of a
dinucleotide was performed by A. Todd and A, Michelson in 1955
(9) by condensing a suitable nucleoside and nucleotide.** The
reactive sites of each of these reactants not involved in the
formation of the 3'=5' internucleotide linkage were protected
by combination with non=reactive chemical groups which weré removed
in the last stages of the synthesis., The synthesis and purification

of these reactants were not without difficulty and side reactions

* Yields from similar experiments with RNA were less than 1% (10).
#%3"'w0~Acetylthymidine and Thymidine~3'~benzyl phosphorochloridate
«5'=dibenzyl phosphate.



significantly reduced the dinucleotide yield., In more recent years

,H. Khorana and his associates have greatly simplified polynucleotide
synthesis through the use of more easily obtained protected inter=-
mediates and anhydrous pyridine splutions with dicyclohexylcarbodiimide
or p-toluenesulfonyl chloride for the polymerization reactions. The
method described below for the synthesis of TpT uses the techniques
elaborated by H. Khorana and his co-workers. Several steps were
involved in the synthesis: the preparation of the intermediates,
St-0-tritylthymidine and 3'-O-acetylthymidylic acid, the TpT synthesis
per se, and the separation of the reaction products.

A, Preparation of 5'-0-Tritylthymidine (9,11,12)

‘ 1.2 g (5 nmole) of thymidine* were dissolved in 25 ml of dry
pyridine%, and 1.75 g (6.4 mmole) of triphenylmethyl chloride added.
The gold colored solution was allowed to remain at room temperature
in a flask joined to a dehydrite drying tube for one week., It was then
added dropwise to 125 ml of ice water with stirring whereupon a fine
whitish precipitate was formed, This mixture was stirred in the cold
for approximately 12 hours and then filtered. The residue was washed
with ice water and dried at ca. 80° in a vacuum oven to constant
weight. Yellow needle~like crystals were obtained by re-crystalliza-
tion from a 1:9 acetone-benzene solution. M.P. 160-1° (uncorrected)
Lit. M.P. 160° (11).

B, Preparation of 3'-O-Acetylthymidylic-5'-Acid (13)

A Dowex 50xly (HY) column was prepared and washed repeatedly

¥A1l nucleotides and nucleosides used were obtained from Calif, Biochem.
Corp.; all were Grade A,

##¥Dried with activated alumina and twice redistilled, 110-2° BP fraction

used,



with approximately 3 N HCl and 2 N NaOH and then with 0.75 M pyridine
in large excess. Next an aqueous solution of 0.165@g (0.4 mmole) of
thymidylate 2 NH4°2H20 was passed through the column and lyophilized
to obtain the pyridinium salt of thymidylic acid. The resulting
white particles were recrystallized from dry pyridine several times
to give colorless crystals. These were next dissolved in 5 ml of
dry pyridine, and 1.5 ml of acetic anhydride added. The solution was
stirred at room temperature for about 8 hours in a stoppered flask
protected from room light; after this it was cooled in an ice bath,
and the reaction stopped by the addition of 10 ml of distilled water.
The reactants were left at room temperature for approximately 90
minutes and subsequently lyophilized from water at 200‘or less three
tiﬁes to give a yellow syrup. This was next lyophilized several
times from dry pyridine, and the product used directly in the di-
thymidine nucleoside synthesis as described below,

C., Thymidyl-(5'=3)~thymidine Synthesis n

Approximately 0.4 mmole each of 5'=~0O-tritylthymidine and 3'=0-
acetylthymidylate were lyophilized several times from dry pyridine
and then redissolved in 3.5 ml of pyridine to give a yellowish solu-
tion, After this 0.47 g. (2.3 mmole) N,N' dicyclohexylcarbodiimide
(Cal. Biochem. Corp., Grade C) were added and the mixture kept at room
temperature in room light for two days. It was next evaporated under
a vacuum, Then 10 ml of 80% aq. HAc were added, and the mixture gently
refluxed for 10 minutes to remove the protecting trityl groups; the
mixture was then cooled and filtered. After this the filtrate was

lyophilized, redissolved in a small volume of water, and maintained



with NaOH at pH 13 for about an hour to hydrolyze the 3'=-0O=acetyl
groups. The product was thereupon passed through an Amberlite IR
120 (H*) column and evaporated under vacuum to give transparent,
colorless needles.

A small portion of the product was chromatographed on Whatman #3
paper in isopropanol: ammonia: water = 7:1:3 solvent and spots with the

following R_ values were found by descending chromatography:

f

0.28 (Heavy Spot)
0.43 (Heaviest Spot)
0.73

These values compare well with those of Khorana et al (11):
0.25 for dlthymldlne~5'~pyrophosphate
0.45 for TpT
0.68 for Thymidine.
The above procedure was repeated using ca. 2 mmole of thymidylate
2 NH3°2H20 with corresponding scaling up of the other reactants and

similar results were obtained.

D. Separation of Thymidyl-(5'-3')~thymidine from the Reaction Mixture
| A 16 cm high by 4 cm diameter column of DEAE cellulose (Eastman
Chemicals), prepared for use as described by Sober and Peterson (14) ,*
was mounted on an automatic fraction collector. A portion of the TpT
reaction mixture prepared above was adjusted to pH 8-9 with ammonia,
applied to the top of the column, and washed in with a small volume

of distilled water. Elution was begun using a linear gradient

technique with triethylammonium bicarbonate.** Adequate resolution

* Spectra of aliquots of final washings showed less than 0.03 optical
density units at 265 mu.

*%Triethylammonium bicarbonate has the advantage of giving only small
amounts of residue upon lyophilization., It was prepared according to
a method kindly communicated by M. Smith and H. Khorana 140 ml re~
distilled triethylamine was added to 0.5 1 water at 0°¢c through which



of the reaction mixture was obtained by using a linear gradient varying
from 0 to 0.125 M triethylammonium bicarbonate. A typical run is

shown in the automatic fraction collector tracing of eluent optical
density at 254 mu versus tube number (Fig. 2). The first of the

four peaks obtained no doubt is due to thymidine. Aliquots of the
third and fourth peaks were concentrated, passed through an Amberlite
(H+) column and chromatographed as above. This revealed peak 3 to be
thymidyiic acid and peak 4 to be TpT.

This indicated that a better resolution of the reaction mixture
might have been obtained through the use of a phosphomonoesterase to
convert the thymidylic acid present to thymidine. To avoid contamine-
ation of the TpT with thymidylic acid a very conservaéive division of
the column's eluent was decided on. According to this only those
tubes corresponding to the maximum optical density value registered
from peak 4 and the immediate succeeding tubes were collected to
prepare the TpT for the subsequent experiments. A re-run of a portion
of this on the DEAE column gave only a single peak and only a single
spot was noted when another aliquot was chromatographed.

Portions of this TpT solution were concentrated by lyophiliza-
tion, passed through an Amberlite H+ column and used in the experiments

below,

(footnote cont'd from p. 5) carbon dioxide was bubbling; this was done
for one hour. The carbon dioxide was allowed to continue to pass
through the solution until the pH fell to 7.5 whereupon the volume was
made up to one liter. This gave a one molar solution.



MONOCHROMATOR DESIGN AND CALIBRATION

All the irradiations described herein (except for 320 my) were
performed with the emission lines of high pressure air or water cooled
mercury vapor lamps (General Electric BH6 or AH6); these lamps emit
a continuum of wavelenghts upon which the‘lines of the mercury
spectrum are superimposed. The radiation was dispersed by a Young=
Thollon monochromator (Fig. 3) formerly used by R, Dickinson (15).
It consisted of two 30° natural quartz prisms 11.5 cm in width which
could be simultaneously turned through equal angles by a knurled
screw and two quartz collimating lenses of 11.7 cm diameter and 38
em focal length. Different wavelengths were deviated through 45° and
focused at the exit slit by the Young=Thollon system by changing the
angle between the two prisms and the distances between the collimating
lenses and the slits. Calibration curves for the scales involved in
these operations were obtained with low pressure mercury sources (4
watt Hg lamp and a General Electric AH~4 lamp) by varying the settings
of the collimating lenses and the angle between the prisms and observe
ing the peaks of the mercury spectrum with a photocell mounted just
behind the exit slik; the settings obtained with these lamps were
identical to within about 1 my with those obtained with the AH6 or
BH6 sources. Small discrepancies are probably explainable on the
basis of the Stark Effect, pressure differences between lamps, and
reversibility of lines. (See (16)--especially Chap. VII and Fig. 62.)
The calibration curves for the linear scale used to turn the prisms
paralleled a plot of index of refraction versus wavelength for quartz

as it should from theoretical considerations (Appendix A); settings



for 297, 302, 313, and 334 my were checked with pyrex and glass fil-
ters and the setting for 404 my, by the color of the light. A further
check on the calibration was provided with the exit slit curves
obtained with a quartz spectrometer (200~500 my range, R. Freiss,
Berlin~Steglitz, No. 502). (See below.)

The dispersion at the exit slit was measured by exposure of a
photographic film at the exit slit; it was also calculated to vary at
the exit slit from a maximum of 0.28 mm/my at 235 mu to a minimum of
0,08 mm/mu at 334 my in a way directly proportional to the change in
index of refraction with wavelength for quartz. (Appendix A) The
two methods of determination agreed for the shorter wavelengths but
the small dispersion at longer UV wavelengths preventéd accurate deter=
minations with the film at these wavelengths.

A, Irradiation Procedure for the Thymine Dinucleoside Solutions

An air cooled BH6 mercury vapor lamp was used for these irradiations.
The UV light emerging from it was focused on the entrance slit of the
Young~Thollon monochromator by means of a condenser system consisting of
two 5 cm plano-convex quartz lenses of 10.8 cm focal length. The entrance
and exit slits were accurate to tolerances better than 0.05 mm. Slit
widths were approximately 0,50 mm or less.

The exit slit assembly for these irradiations allowed continuous
monitoring of the radiation intensity: A brass plate with an approxi=-
mately 6x9 mm rectangular diaphragm centered relative to the UV beam
emerging from the exit slit was mounted on a stand 3.5 cm behind the
exit slit of the monochromator. A 1 x 1 x 4.5 cm quartz Beckman

cell could be inserted behind this diaphragm so that all the radiation
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passing thrsugh the diaphragm would also pass through the Beckman cell
without striking its walls. The;same photocell which was used through=
ou¥ all fhe irradiation and calibration experiments to measure the
radiation emerging from the exit slit could be mounted so that it was
behind the space occupied by the Beckman cell (with or without the
cell in place) to intercept all the radiation that passed through the
diaphragm and the cell (Fig. 5). A vertically mounted mirror tilted
at a 45° angle to the axis of the UV beam emerging from the exit slit
was placed in front of the brass plate. The mirror itself contained
a hole which was arranged so as not to block the portion of the UV
beam passing through the brass diaphragm and reflected to the monitore
ing photocell a portion of the radiation emerging froﬁrthe exit slit;
in this way variations of the lamp intensity (ca. about 5% or less)
could be monitored. A stirring rod attached to a 3350 rpm motor extended
down into the Beckman cell to a point just above the irradiated portion
and provided adequate mixing of its contents.

At the beginning of each irradiation experiment about 2.5 ml*
of the TpT solution were placed in the Beckman cell. The optical
density of the solution was measured on a Beckman DU spectrometer
at 265 mu and at the wavelength at which the TpT was to be irradiated,
the stirring motor started, and then the UV beam was permitted to
pass through the diaphragm and irradiate the ;pproximately.6x9x10
mm volume near the bottom of the Beckman cell. At intervals of 13
to 105 minutes, during which the observed variations in intensity

were always less than 1.5% (except in the 297 my runs where they

* The volume was determined accurately by weighing and assuming a
specific gravity of 1,00 for the TpT solution.
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were up to 4~6%), the UV beam was interrupted by closing a shutter
behind the second collimating lens of the monochromator. The optical
density of the irradiated solution was then again determined at 265 M o
The energies corresponding to the observed changes in optical density
were determined by measuring the radiation incident on the'Tpi solution
with photometer A (Fig. 5) without the Beckman cell in place each time
the OD of the irradiated solution was determined. The time interval
during which this radiation was allowed to fall on the solution was
measured with a stop wétch; appropriate corrections fof the slight
fiuctuatiéns in intensity were made from the observed monitor photometer
" (photometer B, Fig. 5) readings and the ratio of the readings of photo-
meters A and B when the Beckman cell was not‘in place. In this way the
energy increments reaching the TpT solutions were determined in terms
of a reading on photometer A times the number of seconds this flux fell
on the solution., These energy doses were expressed as ''photometer=

seconds" or '"'p-seconds.”

To convert them into ergs it was necessary
to calibrate photometer A; because of the variation of sensitivity
of the photometer with wavelength, this was done at several wavelengths.

B. Energy Calibration

Energy doses were measured with an RCA Type 935 UV phototube
(A, Fig. 5) whose output was fed into an Eldorado Electronmics (Berkeley,
Calif.) Model PM 201 photometer that had a rated accuracy of 1%. The
phototube was coated with an RCA S5 surface whose response was waves
length dependent; the phototube was most sensitive at 340 mu, and its
response fell off rapidly below 225 mu and above 450 mu.

UV doses were initially measured in terms of "p-seconds.'" The
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absolute calibration in terms of ergs or quanta per p-second was
obtained in two ways: (1) by the use of an actinometer substance
and (2) by the use of a thermopile and standard lamp in conjunction
with a senéitive galvonometer. |

The monochromator arrangement for these calibrations Wasridentin
cal with that described above.

(1) Actinometry

Studies of Harris et al (17, 18, 19) have shown that UV in the
range of 248 to 334 my will transform malachite green leuocyanide
(MGL) into a very highly absorbing blue photoproduct with a quantum
yield of 1,00, This property makes it an excellent actinometric
substance for absolute energy calibrations.

In principle these calibration experiments consisted of first
measuring the UV intensity at a given wavelength with the photometer,
and then exposing a MGL solution of high optical density in the UV
to the UV beam for a known time. The optical density of the MGL
plus photoproduct solution was then determined at 620 mu, the
absorption maximum of the photoproduct. Since MGL itself does not

absorb at 620 my, the OD in conjunction with the molar extinc=

620m.
tion coefficient of the photoproduct at this wavelength, 9.49 x 104,
(19) permits the number of molecules of photoproduct formed to be
calculated. In the present case this number is equal to the number
of quanta absorbed, since the quantum yield is known to be 1.00.
This value then could be compared with the observed number of ''p~

seconds’ measured with the photocell to obtain the desired calibra=

tion. In practice it was necegsary to apply several correction

-factors to this method; these are described below.
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(a) Materials:

Appréximately 1=2 millimolar solutions of MGL* (MW 355) in 95%
ethanol and 5 x 1033 M HCl were prepared. The density of the solvent
was determined to be 0.807 g/ml by accurately weighing 50.00 ml so
that the volume could be subsequently determined by weighing.( Where
possible the MGL solutions in the radiation cell were kept covered

to minimize evaporation losses during the course of the experiments.

(b) Irradiation Procedure:

The readings of the monitor and the photometer A (Fig. 5) were
first determined without the cell in place. The cell was next filled
with approximately 2 ml of an appropriate 95% ethanol=~HCl dilution
of the above MGL solution; the actual volume was accu?étely deter=
mined by weighing. The 0D *%, i.e., the OD at the wavelength A
at which the irradiation was being performed, was generally about
1.5; in all cases it was greater than one and it never varied sige
nificantly in the course of the radiation. The 0D620nu initially
was less than 0.017 in all cases.

The MGL was next irradiated to an OD620nu of agbout 0.2, During
this time the monitor was observed and from its readings and the
previously determined ratio between its readings and those of the
photometer the number of p-seconds incident on the cell during this

period was obtained.

After the 0D and ODA had been determined, the solution
620m, b)

* Kindly furnished by Dr. R. Sinsheimer,

*%A11 optical densities were determined in duplicate on a Beckman
DU spectrometer whose wavelength scale calibration had been checked
with the 546.1 line of a mercury arc and the 620 mu peak of the MGL
photoproduct.
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was again irpadiated until an OD620m¢ of about 0.4 was obtained;
the same measurements were performed as before, and the solution
was weighed to correct for volume lost by evaporation and by
retention of golution on'the stirrer after the cell had Been
removed for the first OD measurement. Except for 320 mi the
wavelengths chosen for calibration corresponded to the lines of
the mercury spectrum.

(c) Correction Factors:

Since the solutions were not totally opaque (OD) varied from
about 1 to 1,5), a small portion of the incident photons was trans-
mitted by the MGL solution., The fraction of photons absorbed is
given by (1 - 1OTQDA ). However, the MGL photoproducér(PP) also
absorbs photons at wavelength lambda so that only a portion of the
fraction of photons absorbed by the irradiated solution are absorbed
by the MGL. This effect increases as more photoproduct is formed
during the course of the irradiation, but it never amounted to a
correction of more than 3=4%; the proportion of phétons absorbed
by the MGL is given by the ratio 0D /0D

MGL

The combined effects of these two corrections is thus to reduce

total? both at lambda.

the number of incident photons by the following factor to obtain a

measure of those photons that are absorbed by the MGL:

_ 1=0DR -
(T =107 ) ODyer = (1 - 107" ) (omy - (0Dgph )
o e

- 107y

(1 =(0Dpp)620 x [€x \ )
0Dy

( eh&o PP
since for the photoproduct €A = 0Dy /OD620°
€p20
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The observed values of p=seconds corresponding to the measured
0D620np values were corrected by this factor and then the observed
0D620nuls were plotted as a function of these corrected p-second

values. Straight lines were obtained, the slopes of which gave the

number of p=seconds per unit OD6 ‘change at each wavelength,

20m.

Three other corrections were now applied to these values of
slope to change them into quantities that correspond to the number
of p-seconds imcident on the front surface of the Beckman cell per
unit change in 0D620m¢:

Since the front wall of the quartz Beckman cell and the ethanol
solvent both absorbed photons, it was necessary to correct for the
photons ''stolen' .by these substances. The correctionnfactor for
the reflection and absorption that occurred at the front wall of
the Beckman cell was obtained by measuring absorption spectra of
the ethanol=HCl solvent in the 1 cm cell used for actinometry and
in a 10 cm quartz cell.

1f we let DW be the effective opfical density of the front
or back wall of the cell (including diminutions of intensity due
to reflections at both interfaces and absorption in the wall),

Ua, the absorption coefficient of the alcohol, and D1 and DlO the
measured optical densities of the 1 cm and 10 cm cells respectively,
then

D1 = 2 DW + Ua

D10 = 2 DW + 10 Uao

These equations yield by subtraction

Ua = (Dlo - Dl) %90
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This is the alcohol correction; it rose progressively from 17 at
334 mu to 12% at 255 mu and then more steeply to 36% at 225 mu.
The corresponding fraction of photons 'stolen' from the MGL was
calculated from these OD values.

Substitution of the last result in the first equation abéﬁe
gives

D = (D - U)/2.
' This is the front wall correction; it increased from about 8% at
220 my to a maximum of 12.6% at 240 my and then rapidly decreased
to 4% at 270 my above which it remained constant at 4%.

Finally a correctioﬁ was made so as to standardize all the dose
rates to a total volume of 2.00 ml in the Beckman ce-lio In addition
corrections for evaporation of the ethanol and the amount of ethanol
left on the stirring rod when the cell was removed for weighing or
OD determinations were included.

Next the number of quanta required to produce an OD change of
1.00 was determined from the following equations:

(1) AOD = € Ac L where,
extinction coefficient of PP at 620 mu

€ =
L = path length of Beckman cell, 0.999 cm
= concentration of PP in moles/liter

c
(2) Ac = An/V N, where,
An = number of molecules of PP formed
from MGL
= number of quanta absorbed by substrate

V = Volume of solution, 2.00 x 1073 1

N0= Avogadros number
and so (3) An/AOD = NO‘V/L €

6.023 x10%° x 2.00 x 10~

9.49 x 10% x 0,999

3

]
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An/AOD = 1.267 x 1016 quanta/OD unit.
The number of photons incident on the front surface of the Beckman
cell per p-éecond was obtained by dividing the above number by the
corrected ratios of p-second/0OD.

(2) Calibration with Thermopile and Standard Lamp with the Aid
of a Sensitive Galvonometer

These calibrations were performed by first determining the
reading of the photometer being calibrated and that of the monitor;
the arrangement of the photocells was as above (Fig. 5), and the
Beckman cell was not in place. Next the intensity of the UV beam
emerging through the diaphragm was determined with the photometer.
The photometer Waé then replaced by a vacuum thermopile joined to
a galvonometer. ‘The thermopile was positioned directly behind the
diaphragm so that it intercepted all the light passing through ité
The UV beam was interrupted a number of times by a shutter at the
monochromator's entrance slit and the corresponding galvonometer
deflections determined. Previously the thermopile-galvonometer
combination had been calibrated with a standard lamp that emitted
a known amount of power per sq. cm at a given distance; for this
calibration against the standard lamp the brass diaphragm was fixed
to the front of the thermopile so that the geometry relative to the
thermopile's sensitive surface would not be altered. From this
previous calibration and the observed galvonometer deflection due
to the UV beam the flux of the latter was ealculated. Observations
of the monitoring photometer verified the constaﬁqy, of the UV lamp
intensity during the procedure. All this work was done in a darkened

room S0 as to minimize variations in ambient heat and light sources.
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(a) Materials and Equipment

Carbon Filament Standard Lamp C~966 from the National Bureau

of Standards.

Rating: Amp. Volts Radient Flux Density at 2 m
0.300 72,19 46.5 microwatts/cm’
0.350 83.69 65.2
0.400 95.38 86.5

John Fluke Model 803 Precision DC~AC Differential Voltmeter;
accurate to 0,05% in the range of 0.1 to 500 v DC and capable of
resolving 0.0l volts in the range of 50 to 500 v DC, (John Fluke
Corporation, Seattle, Wash.)

Compensated vacuum thermopile from Charles M, Reéder Co., (173
Victor Ave., Detroit 3, Mich.); sensitivity approximately 0,2 wvolt/
uwatt/cmz°

Leeds and Northrup DC Moving Coil, Reflecting Galvonometer,
2284b; Int. Res. 13.5 ohms, XDR 8 ohms, Period 6.2", Sensitivity
0.02 pv/mm.

Leeds and Northrup Standard Resistor; 1.00002 ohms to 0.005%,

(b) Arrangement of Apparatus

The arrangement of the standard lamp and the thermopile (Fig. 6)
was as suggested by the National Bureau of Standards (20).

The standaéd lamp circuit was arranged as shown in Figure 7.
The current in the circuit was determined by measuring the voltage
drop across the standard resistor and the voltage across the lamp
was determined directly as indicated. It was found that the cur-

rent specified by the NBS was obtained when the lamp voltage 