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IFTRSDTCTISN

In the years of 18115—18 resnel prooounded tc tLe French

Academv of Sciences his theorv of diffraction snooorted bv such
.J . 3 - l

.1

conclusive experimental evidence that the intervening years have

resulted in mere mathematical elnocratln of his fundamental con-

cepts andout little meantitntive investigation of his experimental

evidence.1 Bec--Jse of the non—existence cf aooaratus capable of

measuring the districution of the cnery; in the pa terns which he

studied, Fresnel was lititec to a *.ianl OJservotion of the location

‘ ...of the maxima and minima. The only qualitative meosuren nts to

which any reference has been found were reported by Lvnnn of Harvard

University in l?29.2 His method consisted of photogr.ohin: a

straight e61; difiraction pattern and aeosnring it with a micro—

photometer. The exposure-density curve of the photographic plate

was :nnfie at the same time and iron it the microphotoneter trace was

corrected to give the ecto.aJl distriowtion of the light intensity.

He records only the intensity ratios of succeeding maxima, which

check tle theoretical values within his estimated probable error

Of 11700

 
  
 



 

 

  

measurenent of very laint light

Department of the Michigan State College during the summer of 1937,

it was thought wortn*nile to attempt a direct measurement of the

ener distribution throughout a diffraction patt err For thiC)'w/

q

purpose the diffraction pattern due to a single narrow slit was

chosen. In the sirgle slit pattern used the int osity of illumina-

tion at the first minimum is about 2 x 10"5 tines tne intensity of

the first minimum of a straight ed*e patttrn produced bv thesame

optical system. A tyiical strairt edxe pattern is shown in Fig. l.

    

Fig. l. Pno f a single narrow slit

ion pattern.

“'4-"

Pi'li’hhob

The pattern vas produced by a single narrow slit, approxi—

mately 0.02500entin1eters wide, ..nd we measured at a distance of

204.0 f .5 cos. iron the slit. There is considerable possible

error in the width of the slit given because, due to a multiplicity

of arms and levers in its construction, there was an unknown amount

of springing when it was clamped down on the sheet of celluloid

.nicli was used for a thickness gauge. A more accurate value was

q

calculated from oserveeo data

The slit was fastened at one end of a light tight wooden

box, two meters long, and finisLed a dull black inside. At the other 
 

 



 

 

  

end was mounted the ap,aratus for measurinw the lightiintensitv.

An optical d_iarran is shown in Fig. 2. Unfortunately there was no

source of monochromatic light available o1

permit the measu. lent s to he naee and perforce a tunfisten lamp was

1

-. ° um”. v- -. ~ no
‘Y and D10 ails (rxnvzilnters «31 air .l--

F
—
"

used. Corninf filters G3

respectively) were used to isolate a portion of the continuous spec—

trum emitted.by the tan sten. The lamp was a Testin house 100 watt

ZJIO jection 1a9 of the rion n filament variet The ribbon, 0.001

inches thick accord‘ng to the manufacturers, has turned dzewis e to

the slit to apiroxinate a point source, or in this case a line

source and was 102.0 i .4 cos. from the diffracting slit.

The 1L; t sensitive ele.ent of the a)Jarat as was a Visi—

tron tyge 53—AV vacanm photoelectric cell. This tyne of cell is in

COddOH commercial ase ant 11as well known characteristics. It con—

sists of a cesiun coated seni-circi
a.

er slate ¥/3 inch in Ciameter

and 1 inch long. A small concentric wire W;en nade positive with

I'SS

’
L
j

ecx to the plate, collects tfle ghotoelectrons ehitted by the

cesium. Immediately in front of tse cell was a slit, 2.5 by 08 c 8.,

parallel to the dizfracting slit. The ocsit

~~ ‘\ L‘. -L - . ‘f‘ “a 1" 1 rw‘ A . . ~v ,-‘- . 4'~‘, .

SuCL that the 11 it comin. tL“OJxfl the slit alwa s nit on the sen81-
f

4

\._.4 “.1 V

q

‘

tive surface. A General Electric type FP—5+ electrometer tare was

congled directly to the o1otoelectric cell and was used for therei—

onic anolification of the current flowing through the photoelectric

cell. This tuce was placed with the photoeleotric cell in a copper

box. The whole was mounted on a movable b d in such a fashion that

the rotation of a screw would move the lifht gathering systen across

the pattern in a direction perpeneic lar to the ootic axis and also  
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74 76 73 so 82. 34 as as 90

FILAMENT .CuauN'r ~ Milliqmpcrzs

Plate: 8 Vol‘l-s

TYPE FP '54 Tune Gm! - -4 Vol’rs

Space Gnd ~ 6 Volts

FIG. 5
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remain undisturbed by a variation in filament current (I

“
5

V

U

m H H

L o - -:~. ..,-r-1 A .. -~- 4- ‘w p 4-7- - .1. . ~ :‘

ObLGI toltzaes TBARlQIJE con.n7t, We mist naVe the co7oition lil—

filled also that

Thes e two conritions will Ie satisfied only at tint value of lila—

ent Cirrent at which the tangents to the curves in Fig. 5 have tFe

same ratio as the ordinates. This will occur when the tanents to

the two eirves intersect on tle If axis. Uith the operatin: data

given in Fig. 5 the proper filament current vouLd be Slldubjy less

than 80 milliaADeres. Since the curves are relatively flat, for

clan es in filanent current no to e: oit on, gercent the curve and

tlamenH
-

its tangent are essentially the sane and variations of f

current up to tois limit will have little effect upon the balanced

circuit. This eli ninetcs one of the most trc=leso7e difficzlties

encountered in tne amplification of snall direct currents. In fact,

with the conve tionel aeolifier circuits the drift of the galvanoé

meter was so raoic as to srevwnt any attenqt to use the circuits

enoeri.etally. It miglt be noted here also that this compensation

is effective for gradual changes viich occur in tie emissive charac— 
teristics of the filanent. Tlis is of especial inoortence in pro-

blems vhicg require a consicerable interval of time to elapse be—

.1.

tween the initial and firel TPQC”“S.

 The operation of the apoaratn: is easily seen from Fig. b.

The filament current is determiLed by R1. R2 adjusts the poten isl

on the plate and on tle soace coerce ggid. Ré and RP are tne two

letternal arms of the bridge as oieV.io;slv gentiored. Rf is fc the
‘ n.

I L ', . . V 4. . .. -3 '7 .L. 4,.- . j .. 4 ‘

gnumse of 83J1“145 the correc. JotentLaL to tne 89809 serge :TLCo- . - 7 . .__‘___. 
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u—o‘ \-

‘H -L -‘ . ' ' - . 'L - .1.“ .H '1 ‘fi . 7‘1 'L "‘5 V. Y : '

Ru centrols tn, sens1t1v1tj on the galvamonete1. R was ior tne

purpose ofaoilvinfi a fixed bias to the control hut was not

used. R5 is used to set the voltage across th potentiometer to

the proper voltage to make it direct reading in volts.

To set the aoiarztus in ooeration the constants ar set

at their apgroxi.:“be VF1IOS (Fig. 6). For this internation and

much excellent advice, credit must be riven to a very thorough paper

on thermionic a.nflil fierrs :v hacDonald.5 After being allowed an hour

or so of warlin; up to enable the temperature distribution in the

FP—54 to reach a steady state the apparatus is ready for adjust—

ment. For the preliiiiorf adjims 1ents the galva"W1et r is realaced‘~--v

c
f
-

by a microanneter. Firs ED is set for zero current through th

meter. The filament current is than varied.slightly by means of R1,

which will inoalance the system unless, as is very seldom the one ,

H
)

the system happens to be adjusted to ful ill the conditions outlined

previously for the compensation of the balance with respect to the

filament curreent changes. The circuit is rebalanced by another ad—

justment of RD' This process is repeated again and adai until a

value for R9 and R1 is fourd for which the circuit is h.laarced and

remains that way even Ior slight variations of R1. The _ lvaioueter

is then returned to the circuit and a final adiustment of the

C
L

system is ma e. The circuit will now be sensitive onlv to variatiora

the potential on the control grid and is ready for operation.

In the grid circuit the photoelectric cell, a small

battery, and the potentiometer are placed in series and connected

to th grid and ;round or filament. Preliminary work was done with

. .4 1-3. .
a conventional mien res1scance, 10 L onus or greater, connected
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froui‘the control grid to the ne
I“

5bative 90st of the 4.5 volt batte y.

Thma'voltage across this resistor depends linearly, if Ohm's law

Builds, upon the photoelectric current and hence is a function of

time illumination. It was found in this particular set—up, however,

tlurt the rem val of this resistor improved the operation and sensi—

'tivity'of the amplifier. The actual behavior of the grid circuit

is as follows: An insulated grid,in a vacuum tube will reach an

equilibrium potential, negative, chich repels all further electrons

emitted from the filauent, or, if there is some current leakage, the

electrons which do reach the grid carrv the same charge as leaks

off during the interval of time considered. In this circuit the

photoelectric cell has a dark curredt which, although under ordinary

applications is negligible, is of considerable magnitude compared

to the true photoelectric currents being measured. (Information

supplied by Dr. G. K. Green of the University of Illinois). This

current caused the difficulty with the res1stors in the circuit.

The current was so large that practically the entire voltage of the

battery was across the resistance at zero illumination, leavins no.L .L-:D

yo.

additional potential available to be impressed upon the grid. With

the resistor removed, the action depends upon the variation of the

dark current and the photoelectric current with the voltage across

the cell. This variation of current with voltage is shown :raobic—a." A A .

ally in Fig. 7. When the cell is illuminated there is an increase

0in the current flowing thr, ugh the cell. This effectively decreases

the potential of the grid by draining oif charge faster than itI h o

comes on from the filament. The change of grid potential, of course,

unbalances the bridge and there is a galvanometer deflection. The 
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CELL VOLTAGE

PHOTO CELL RESPONSE

FIG, 7



 
 

 
  

-10-

galvanometer can be returned to zero only by returning the grid to

its original potential which in turn can be done only by restoring

the current flowing from the grid through the cell to its original

value. By means of the potentiometer an EIF opposing the E1? of the

Ll.

U
1

volt battery is introcuced into the circuit. This lowering of

the potential across the photoelectric cell reduces the sensitivity

of the cell until the orig inal condition is reached at .vhich tim

the voltae introduced is read directly fron the potentiometer scale.

The amplifier was used as a null instrument in which the

galvanometer reading and hence the control grid voltage were kept

constant and the ntensity readings were made from the potential

required at the ootentiometer to keep the brid e circuit balanced.

It was possible with this system to use the most sensitive galvan—

ometer available, a Leen8 and Nort ri) ty> H3—239O w2.ich has a

specified sensitivity of 10-11 amperes oer millimeter at a scale

distance of one meter. The mechaiiice1 se siti ity of the instrumen

was so great that it see necessary to mount it on a shelf attached

directly to the heavy foundation.of the building in order to elinin—

ate a constant mechanical vibration of such magnitude that the scale

3Could not be read. Residual vibrations were further dumped byC

setting the It111anoueter on a heavy iron disc supported by sponge

rubber pads. The solidity of this mounting made possible a rather

long optical arn, about four meters, whiCh was the meV1I1 length

possible in the roozn. At this distance a change in potential Of

one thousandth of a volt on the con.trol grid caused a deflection of

about one millineter on the galvanoueter scale which was angle to

permit the potentiometer to be read to tho sandths of a volt. The
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1.25ht Source lor t-e Eu vauoheuei Ins a 3 0.9. altohoulle

bulb. An inmae of its :ilament was forned on the mirror of

g

lens directly in I‘ont of the galvanometer formed, cv means

reflected light, 'ri iz'nae of‘tslcé proecti on lens
3

table. A pointer was attached to the screen in such a way

the l'ght from the ralvanoneter mirror cast a sharp p011 ntei
w

,

of it. The operator's tas K was merely to keep the image of

crossuhair on the pointer bv nanipulatin5 the potentiometer

the photoelectric cell moved across the oattern.

.1

Calibration Of The Photoelectric Cell and M

’
1
0”'1‘.‘ .

1.18 ill”wPIS (
D sqiare law we.s a.)ilied for caliorat

a-\

)ti {3

Ophotoelectric cell and tie associated amplifier, An 0

tnn3.set up in front of the di1:rac

iicknesses of typewritine paDer to mane it
x...‘ - L

d
-

t
-
‘
J

m D
; 

Salvanoneter 0y a sin;le lens wi'ch n s mountefi with the lad

ll

headlight

housing eSQecially designed to eliminate stray light. A long focus

of the

and a cross—hair

stretched across it, on a. translucent screen upon t-e ooerntin:

while

To inelre that th 5falm. meter was operating near its

maximum sensitivitv it was connected into a resistance network as

Shem in Fig. 8‘. The deflection of. the l"'n01eter Ives LL?0

. _1 . ,° .

wnicn amounts to a se81tivity of 1.07 X lO 1* aAQGTES HGT £1111-

reter. This, because of the lon5 o cal art, anoxnts to but one

fourth the s1ecifieo sensitivit", but heinjouffi01ent it was not

thou5ht worthvhile to tinker further with the delicate instrument.

lifier

q

In of tne

ench(
‘
1
)

, anion was opened to its

full width where it had no effect. On the :3erch a li5ht source was

placed. This consisted of an auto obile hesdla1p encesed in tvo

use source and to
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I

cut down its intens ity. This was wrapped wit

a small area of about one two hundredth of a

the source. Directly in front of thisas

ters as were used vith

The source and lters were

the optical bench.

Positions of the source on

8.16 hence its intensity, vac t-en chanted an? a new set of readings

made. Four overlapping sets of date were taken in order to cover

tie necessary range of intensities. Thcsv data are recorfed in

Table II They are plotted in Fig. 7. F101 this figure tue cou—

oaretive ioterisities of the sources were oota

potentiometer reading inricates a oarticular

tion on the cell it is equate

nation produced by two of the sources 13 Fir. efi‘anen they produce

equal potentiometer reedi ngs. By m ans of this Figure and the in—

inamse square law the fClloTl“: TPZRtZOnSAlpS between tue inten81ties

F
l
)

0 the four sources can

IIV= -

I standing for intessrty an: the Kauai

the source as in Table III and Fig..9..

acieque. t e ure:-'1entsfor the comparative mes. u

CUt 1n order to JPVC an 100a of tlzc order of

SOL'LICS

were

the light source for the

Potentiometer readings were

4.". . .1-

Ulie iJ’lU

a

a opaque tape except for

q

'1 ‘ . ‘- -'-.‘,. ‘ I‘V

Sqra‘e lDCfl anion server

gml.ced the same fil—

taken for various

The area of the source

given

intensity of illumina—

sities of illumi-

for the number of

1

I’TiilCil we are

was too    
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4

read on an ordinary illumination meter, an interne 'ate standard

was necessary. For this purpose an ordinary candle was chosen.

It gave an illumination of seven foot candles when ten cue. from

1 ~75

candles for the candle. This va.ue is subject to an error of about

{
J
-

’
3

U
3

*
4

c
f 3.

O H
)

the illumination meter whi h corresponds to nteu5
3
3

ll

4% due to deviations from the inverse square law at this distance

because of the finite size of the ohotovcltaic cell of the meter

and of the flame of the candle.

Source I was then compared lVitl the candle ov means of a

grease—soot photoneter with the following result:

11/15a = .75/1552

II = .035 CD.

In order to take flll acvartae of Sijrdiicant figures, assume

Source I as .0050) C3. and from the reMtionshios previ ouslv given:

ll

0 Q 1
;
) n

(
3 3 0 U CII

II]: = .0024? cp.

IIII

IIV = .01-?0 0}).

38ing these intensities and Table II the illunination on the cell

for each rea ding of the )otentionleter can be onlc1lated bv means

ofthe equation: Illalination = KI luerns/cn2 where K = I when

d2

d is in cms. Fron which comes Tacle III.

This table is plotted in Fig. 10. Yote that inasmuch as

the pctentioneter was set to a reaing of 0.100 volts at no illumi—

nation, this value has been subtracted from the potentiometer

readings of Table III before plotting. A large plot of this gra1h

was us a W I 1 ‘h . ’ 1 1 "
u ed cs the calioration curve for conversion of octeutioneterA    
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readings GO intensities in the analysis of the diif*acticn pattern.

The nearly logarithnic TERIOHSG of the auxilifier at th higher in—

tensities is notable.* This can is seen in Fig. 10 Where the grid

bias change was >lctted.alsc>613rinst the loarithn of the inntensity'

to faciliic ate an extra.3olati on at the high intensity end of the

curve .

Xeasr"enent of Diffraction Patterns

'0‘

Br - iainar: n asureents revealed the usual arra-r of
’ .J

*
7
.
)

xperinental "bu35.” The galvanometer would make frequent large

and often permanent judge, there was a corstant drift of the zero

point, and various minor perturbations were present. T:-e eract

causes of the diific“It es were never dete:‘1ned but their magnis

tudes were reduced to a nearly neligible amount by a thorough

shielding of the coJonets and careful solderinv of everv connec—

tion possible. The remaining connections were carefullv cleaned

an made tight. The potentiometer and 1w111va:cmeter, only, were

unshielded. ‘The potentiometer, beinw at ground potential, was

placed outside of the shielded control box. The galvanometer would

have been oetter if shielded but by twisting the leads to it aid

removing then as far as practical from the operator, the cabeci tzance

*Attent.on has been called to a paier on this subject which has

apoeared since this WO‘K was completed.0 T413 *"’e Of CierlU 15

shown theorecticallv to give a trulv lc.ar1thn1c response of plate
k)

current to illunination of photoelectric cell under tiie conditions

that the ohmic currert in the grid circuit is s.1all compared with

the photoelectric Clrlert and that t :1e load resistance of th plate

circuit is large, on the order of one mefohm. Deviations from these

two conditions and. the fact that the ulate current is maintained

constant in a bridge circuit 03e1ated as a null instrument prevents

the realization of this ideal condition.
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changes due to notions of the operator had very Ml1ght effects.

Needless to say, careful adjustment of the ba7_ance circuit was a

It vas necessary to ncke a dozen measurements of the

pattern before the difi‘ic.lties were eli11n.ted sufficiently to give

an acceptable set of measurements. The data for ore of the esrlier

and the last two pat tern are tabulated in Table IV. They are listed

as patterns I, II, and III respectively. These data are plotted in

rattern I shows the erratic early oehavior of the apparat—

us. Tere are nimerous discontinuities in the onrve and a marked

tendency exists for the galvanom:ter to reiain at erch reading

rather tran follow the pattern. Tris was probably due to a slight

rubbing in the Calvanometer. Pattern II was taken n th the car1ia;:e

traveling in the OPJOSi0e direction to its motion in Pattern I.

The play in the screw is very not iceLJe in the disglacement cf the

peaks. Pat tern I1- I is the one which vas used and is‘a smooth curve

except for two points in the very low ranges elich are obviously

0
)

errors. This yattern i plotted alone in Fig. 12 where it has been

'5

plotted on both sides of its axis of symmetry although the data

does not e::tend h oeyond. tre first maximum on one side.

By means of t11.e calibration curves (FM .10) the data 1or

this curve have been tranSIRted into actual intersitv va1ues an

'these values (which are given in the sixth column of Telle IV)have

'been olotte; in rig. -5. This figure gives the relative intersities

of the different portions of the cvrve in their true H1tion as

ineasured. Comparison of this figure with Fig. 12 reveeIS the 2nerit
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of an amplifier navinw the Characteristics of the one used over one

1

J.-avins a linear scale. Intensitf ariations whi0311 wozlc be unre—

vealed0y a linear an.;:lifier stand out clearly in the measured

pattern. The intensity curve (Fig. l}),hcwever, is the one wlich

must 0e co.n)ar so with the theoreticaml oatterr.
A

Comparison with Theoreti a1 Values

Theory:

Fresnel's theoreticel arfla;sis of a pattern of this type

consists of integrating over the wave front to find the resultant

amplitude at any particular point, takinr into consideration both

amplitude and ghase of the contribution from each ciffei.ential area

of the surface of the wave front. This cerivation, in part or

L
I
)

Whole, can 09 found in any 0' the common textbooks of ph'sical optL%.'

The roces s can be briefly saetcnev in a qualitativ

manner. Imagine a cylindrical wave front, shown in cross—section

in Fig. 14. Let this wave front be civiéed into a large number of

vertical strips, decreasing in width as the éistance from the pole

0 increases in such a manner that the phase difference between

-.

COlresponoing oarts of adjacent strigs is constan ior the waves

’3

reaching the 00int P from each point on the were front ac O 0 5
—
5

Huygen' s principle.

The res.l tant amplituée at the point P is the vector sum

of the oontrioltions of an.)litude from each of the small strips.

If the width of these strips is diminished to the limit of zero, the

x and y components of the amplitude at P fine to t*e wove s~rfece0.2.x. M4...

between 0 and S.are given by the Fresnel integrals
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X

Wh re s is the distance

.0

The radius 01 curvature

pole to the point P are “a” and

been giver as 102 and 204 018.In

light is A.

t may be noted that

the obliquity factor (l+cose) o

the inverse 01 dist

factors .re both nefilible, ho .
AL;

integrals have been outained.

which converge more or less

various values of v

Fig. 15 is reduced from a large

6
integrals.

C
f
‘

and correSJonds stance A

AV A

If P is

slit,

_)

the relative intensit v th

spiral the chord R,
C

ance fro:

rapidly.

are plotted

ijia.strarfl:tljne with'mnasource

from -' AV t-

‘
J
J

III

F-

’1

I
I( )

front ar; from the

\HHL) J

iesoectively and have

reapectively. The wavelen t of the11

.D.1.‘- , ‘.,.J.. J- “ V.J.

onese 1.108571? mice 1'10 {1000‘ch 0.1.

r the variation of the amplitude as

1

heSn the source. For small angles t

fiqq

LSnever” Several solztio of these

All, however, involve infi

If the values of X and y for

the familiar Cornu Spiralresults.

“raph nafie from a tab

ction pattern but a small section

to the pattern. For relatively

is

v alon; the

sv?(a+b)/abh

spiral given

 

r
t
)

e 1‘ e C 9.11

3 +z3v
_7_

previously

e

nite series

9

 

 

  



 



 

 

  

21—

a wave varies as the a1glitude Squared 33

tbe valuas of the anglitude for the unobstr

the measured intensity, I, bears the relat

I: IO :1" 2

1 J 4.“. 1,- . ° ..

ant the soiral ive

v‘ J- A- \ -‘- If‘ -.

LCbed Te 1.cnt 3‘ vi -EE

ion

to the unobstructed intezzsitf, IO. For points such as P', not

centered as P is, the pole 0 moves along the wave front a distance

8 given by the siJQle similar tria33les relationship

8 = d a/(a+b)

vnere d is the distance along; the screen from P, provided that d is

small. This effectively moves the contr ::utin3 length.¢v along the

spiral from its central position by a dis

5 and 8.

Because of the many values of R

the theoretical check they were all: n from

in preference to conoutation from the taol

wotlldlnave had to have been made anyway.

easily read to within : 1% while for the

These errorprobablr did not exceed i 5@. s will,

tnnce v found from equations

to be determined in making

the original of Fig. 15

es in which interooletions

Lar5e values of R coul.d be

snaller numbers the error

‘

of course , oe

twice as gr,at in the calculated intensity because R is taken to the

second power

Wavelength of Light:

Accordin. to inferiation supplied by the manufacturers

the lamo u ed 11 tnis exper irnent operates at a temperature of 3025°

Absolute. This is at the center of the fileent and drops off to an

unknown value at the ends where "t is connectec to the supporting

leads. An evers3 tenperature of 3,000° was assumed. TLe energy

distribution in the light from the filament was calculated irom the
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nergy distribution in the radiation fron a clack body using Planck's

f'rnula

 

E _ .1 (3)
A " 2 “F ’

AJ(CX:T —l)

n = o.53 x 10—L Plenr's constant

k = 1.37 x 10"10 Boltzman's constant.

 

The emissivity of tungsten :as found to ce linear in the

visible range.7 At 3,0JO° the values are

K "A . 1-- .4.-. ‘vl'Vr"
/\ = 0-31; A €1.11S;-.-.l\'lug = .‘-:-.L")

l \

.
_
-

r

f

,1

V O

A: J
. 7 A emissivity = .455

The data for the spectral sensitivitv of the ohotoelectric

cell and for the transmission characteristics of the filters were

taken from curves supolied by the manufacturers. The filter czarac—

teristics are not all that could be desired. The? are designed to

isolate the mercury green line at 5430 A but Co not Cive a very

narrow region for an incandescent source. However, the intensity

of the mercury line was not sufficient to make measurements of he

pattern possible and tne source chosen was a compromise between

poor light and insufficient light.

Curve VI in Fig. 16 is the product of the transrission Of

     



I Didymium Gloss Fiitcr Corning No, SIZ

IYcliow ShadcYcilow Filter Corning No, SSI

m Emissivity of Tungstcn oi. 3000" K. .

N Spcc’croi Responsc of Photoclcttric Ow." .

Y Energy Distribution in Black Body Radiation at .3000°'K.

II Effcc’civc Encrqy Distribution in Light Sour“ .
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:eiore tne final calCAlations could be made a LOIS accu—
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Comic1 tion of Theoretical Pattern

The theoretical flattesn will be the sum of the catterns

due to each wavelength oresent. Because of the lar e spread of
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Correction for licth of Photo—ele*tric Cell 8C

The Cate of Table VI give tie actual tleoretical pattern.

However, because of the finite width of the slit in front of the

choto—electric cell, this pattern must be corrected before it is
L

4--

Colon

-,. ‘l 'Lf 4.“- i. n .h 1 --,:~,r ‘_- - 2-; .. “.' -,

coooaracle Wita the me-suiec eii_raction Cattein. Tris cor:

I
;

\

is made by clotting the theoretical curve (Fig. l?) and determining

from the area cheer the curve the difierence between the in

at the center of the slit and the average intensity across the

whole width of the slit. The corrections made are given in Table VII
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in error D3r as mac; as by at an? point save tle ertree val-e o:

H. \ 1' ..r‘o l-. f“' . 4-. , " ~- '3 - -" '0'? ‘ '3'

:1). 1+ weere tne entragolation 1a3 3138 a1 error 0. as great as
v.

4

7%.

The application of the potentiometer in the circuit used

calls for a flow of current whereas a potentiometer is ce.li:3rated

for and us123_73 ooeratcl with no current flowi fl in its external

circuit. But in this case the current flowing, the photoelectric

L Q

current, is snaller than the lest ano1nt which would be ce (
‘
3
‘

Q
.

0 c
f

e e

in tn ordinary ir01it, and hence does not Cisturb the calibration

of tLe potentio eter.

Drift of the galvanoneter null point and transient de—

flect ions wer e carefull3 “we: clzed for in hot11 tre calibration and

pattern measurenents. In both cases the drift was reduced to a

J

nerli3'iole aicant while any transients were of small magnituoe as

evidenced by the few m:egular points noted in Figs. 10 and 12.

No record was taken of the line volts e, which of course

would affect bots the calibration curve and the pattern. Henever,

it was observed several times during tne ezper iznent and the fluctua—

tions were barely ero.nn to cause :erce ptible motion of the needle,

a fraction of a volt. Furthermore, readings were usually taken late

at night when the line load was essentially constant.

.J 0
3

included in the lirnt source necessitated numero s cssumptiers a:

approximations, most of them rather small in cons equence, Lut re—

sulting in a considerable over all uncertainty.

The first assumption
-. 1: 4., +— 3- - .- -. 4' 3

, reuarc-nl tne tengeratuie o. tee

filament, is or Linkncwn ma nitude. The avera5e tenoerature is   



  

 

 

 
 

3mobatl3so1eWnat less than

.. . 3 A ._ r." . _ .. , .. - _ ..

Tnis results in curve VI of Fig. lo beinc c1stortee. Furtner ClS—

tortion is introduced by the fact that the filters may not :ave

e::act 3 the transnission curves specified. Koreover, the distribu—

tion of the total energy among the eight oitzerns chosen ca: n.ot be

cone With hih orecisi on ane would be but an approximation at the

best. However, this approximation is not so bad because the extrene

weJel en3ths in any one of the eint patterns differ from the central

wavelength b3 onl3 29. flow in a Fresnel sin3le slit pattern th,

first miniaru does not have zero intensity but the fact that the

measured atte;n does have a ver3 IOW'value is an indication that

the minizna of the eiht oatterns are falling closely together and

hence any one pattern resembles closel3 the resultant pattern, which

means that the correction of sunnin313) several representative

oatterns institutes some degree of accuracy in the pattern. In

fact, it can be seen irom Table VI tliat the extiene pat terrs difrer

fromne avera;e oattern by less than 103 and therefore the average

nattern.should be correct well Wit in this limit.

1’For the calculation of the W dth on the diLraction slit

the determination of tile avera3e WTaneug1 can be made with fair

accuracy but the assumption that the minimum due to this avera e

3*Wavelength will fall at the sal— Jlace as the average 1*niur1 must

'
7
-

Zhave some error. Because of the relative slooes on the two sides

cof the minimum, the minimum of the oatt sin of the average wavelen;

lfiill probab-3 lie slightly closer to the center of the pattern tien

truaznininum of the aver?5e patter-. This can ee qualitati"cl3 seen

03' inSPGCtion of Table VI. The Width of   '1 . w ~1. . . 4--'- ...,

t- of t-e slit Tweolavuern V01C 1e _1tiwre to changes in the riots
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if in this oarticular case the widtn
‘ .D . ' 1 h o ‘

one Sal; as W108, :or ins , _

of the slit had been taken as the estimated value which was 23}

fireater than the calculated value which was used in the calculation

of the theoretical pattern. In the alcalatefi pattern of Fig. 13

1 -..L.
a r ‘. O . - '_‘ fl :5. . __ J— ,- f‘ _‘ r" ... 'r' - 2 4— n.— I - ' ‘ o ‘ 4.

£1 recrense iniiridtn or b.&3£flluuern o: aucrtu Dy delC” waniné into

account the slight res;!-tant increase in the value or the xizaxm‘rn,

brine the calculated and theoretical oatterns into coincidence
O A 7

two curves. This de—c
f

U
)

O '
-
f

(
D

H H O H O I y
~

0 ”
J

within the remaining limi

crease of five percent in width of vattern woulo be brought about

0 I
3
)

jhy an increase acout 2.55 in the slit width, but the slit width

iis only calcglated to an accuracy of one part in 23 or 3.39 and the

pattern as calculated is therefore in agreement with the measured

pattern Within-the probable error of the calcrlations.

rrors due to readinfi the sgiral range from 2 to 10 percent,

oeuencinfi ugon the magnitude of the reading, the gross errors

agpearing in the snall values where the greatest ciscrecdncv exists

between the calculated and theoretical values.

No correction was mace for the width of the filament of

the source. This width of 0.0025 ens. is but a fraction of the

a— V. ‘.- no“ 4-9:. ‘ n- ' 4' a 4. '_ u’u 0“ .o_- .‘ ‘. g 1 .\ : ‘_- I. .

.ldtu or uge Slit in iront oi the cell. where the truth or the ;ll&—

.
4

anent caused a slight diffusness of the pattern the cell slit was

‘ ght that it would have picked UPWide enough to rick up the same li

Lad.the filanent been infinitely thin and tfis error is entirely

negligible.
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This exper iml ends to

1. For

electric currents, where the oark

to the ghotoelectric current, good

ing the cell to the thermionic tu'te

.hose resistance is a function

ano the potential across its terniinals.

has the advanta:

lowest lllJJ‘TflulOn and at the

range. Tne usual connection nas a

and a oefinite practical upper limit

The circuit used in this exneriment

'\ J_ ._. r— ... O ‘

acout 10 l? to 10 1“ angeres.

“1 a «w . —1 5" I" ~ ‘0 A."

2. ,8]:le CpuSlLSldLth CU. U118

that the measured

would indicate that for Optical

chromatic light, the res ltc—rt 819“”,

easily measured than calculated to the

‘7 4-,. - 4.2. - .- +~ 1,,
)0 'Hlb-.ln brie 8&4 0.x. t--e

culated Fresnel single811t

tl'u‘.at they are identical this e"o rinent

1.18 1 1'1; ‘
Q

aonochronatic light,

the thermionic amplification of

current or

sults

in the faS

of the quc

'98 of being Specially sensitive

same tine

more or

for

eIolified

{BIOS-8.318 errors, it

is superior to

phenomena of

same degree of

patterns are

would

conclusions:

‘ ‘~ 4-

q‘ll-l. r)—*O U0—
\

A

very St

the cell is congarahle

are obtained by connect—

.a {x (a: "‘."t‘! ' ,3. “I ’r

.A ic:‘-L U -1 a only-L l\/- ».ea {5

a.ntit" of incicent ligh

This tvge of connection
ti

in the recicn of

consicerahle

fl ‘ I O O -

less constant sensrtiVity

a given set of components.

apuears

the calculated one. This

this type using hetero—

‘istrioution can be more

8.0011...We“:'

two ETEJIS the measures and cal—

similar. Before stating

have to he repeateo
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