Fort Hays State University

FHSU Scholars Repository
Master's Theses Graduate School

Spring 1931

An Investigation Of The Thermo- And Action- Electric Properties
Of Molybdenite

William Otis Johnson
Fort Hays Kansas State College

Follow this and additional works at: https://scholars.fhsu.edu/theses

b Part of the Physics Commons

Recommended Citation

Johnson, William Otis, "An Investigation Of The Thermo- And Action- Electric Properties Of Molybdenite
(1931). Master's Theses. 203.

DOI: 10.58809/YRLG6152

Available at: https://scholars.fhsu.edu/theses/203

This Thesis is brought to you for free and open access by the Graduate School at FHSU Scholars Repository. It has
been accepted for inclusion in Master's Theses by an authorized administrator of FHSU Scholars Repository. For
more information, please contact ScholarsRepository@fhsu.edu.


https://scholars.fhsu.edu/
https://scholars.fhsu.edu/theses
https://scholars.fhsu.edu/gradschl
https://scholars.fhsu.edu/theses?utm_source=scholars.fhsu.edu%2Ftheses%2F203&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/193?utm_source=scholars.fhsu.edu%2Ftheses%2F203&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholars.fhsu.edu/theses/203?utm_source=scholars.fhsu.edu%2Ftheses%2F203&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ScholarsRepository@fhsu.edu

-

e B B

AN INVESTIGATION OF THE THERUO- AND ACTINO-
RLECTRIC FRUPERTIES OF HOLYBORNITE

The thesis presented to the
Oraduate Faculty of ths Kansas
3tate Teachers? College, Hays,
in partial fulfillment of the
requirements for the degree of

master of Sclence.

, vy
T -

9! otis Johnaon, B, 3.

K. 3. 7. C. Approved by

e Worsy %W?A



E
|.

ACENOWLEDGELENTS

Hy grateful aclmowledgements are dus to
Preosident W. A. Lewis of The Xansas State
Teachera' Colloge of En;rs.,’ who made this
project poseible. Mary theris are due ‘Ernr-
eegor Roy Rankin for placing the rnluni‘.t:n
of his department st my digposal. The many
valuablo helps and criticisms of Dr. Harvoy
A, Zinszer are appreciated., I am sspeclally -
indebted to Dr. W, ¥, Coblentc of the Burean
of Standards for suggesting the problem and
for furnishing the samples of molybdendte.



v s b g i v e T .J-l-u-u.-.a‘..-.ai:;‘-u‘n__ -

ll
.
i

=

TABIE OF CONTEET3

IRTRODUCTION ...................................*Paf'
HISTORICAL DATA svesevsaresssascasssassnsssnsssss B
ATPARATUS AND METHODS OF PROCEDURE svssvasssssses B
DISCUSSION OF RESULTS sesssssnssssssssessssssssss B
STMMARY cceocecsssrsrsrsscassanssssanssssssvacens 62
BIBLIOGRAFEY cavaserononsssssssssssnscscssssosass B4



o B e e o g i o N T A s

-
Pl e e g Frgpesie e - . S RLLE

INTRCOUCTIOH

Gonsidercble worli has been done on various mln;
sral substances and chemlcal compounds within recent years
to mnartum; if pnuai‘hla; whether the subatance possessed
any degree of phntn; or 't-hu'no-; sengitivity; and, to deter-
mine the characteristics of these responses., HAmong the mnat
'prminmt- aubat-unuun which h:wu baen Hatnd ars selenium,
bisuuth, untim:tw, humtita, at.i‘bnih, and meolybdenite. In
carrying on such tests the following phases of photo=-sensl-
tivity must be considerad:

1. The thlmn-almtriu, o Eenbwls, effect®
ghich designates the e.m.f. genersted when the junction of
two unlike substances is heated by thermal conduction or by
thermal radliations.

2. 7The nnt-hn;alantrin: effect ¢ which designates
ths e.m.f. generated in a crystal when gxposed to a source
of 1light. & characterlstic of the a.ntim;alaatriu effoct 18
that it disappears lmmediately upon axtinguishing the 1light.

3. Tho photo-resistant effect ° which designates
ths change in resistance that a substance exhibits when sub=
jeoted to an ocutsids s.m.I. and exposed to light..

1, Sterling, S. G, Hiectriolty end Mamotiem. P. 205,
2. Coblentz, ¥, W. Some Now Thermosleciric and Actino-

slactric Fropertiea of Molybdenite. B, 8, Bul., Wo. 485,
P 377, 1924,

5. Joc. clt.



It was the purpose of thies investigation to smum~
mariz: the phenomena that have occcwmmdd within samples of
molybdenite under the following condlitions:

1. The offect of light upon the nmplu; or the
mti.nn--nlmtrin effact,

2, The offact of light arnd heat upon the amp].nu;
or the combined mtim; and thernoslectiric effacts.

3. The effect of heat upon the Inﬂplﬂl; or the
th-rm;altcwm affact,

4. The effect of an outalide e.m.f'. upon the
semples when in the dark.

5. The effect of light in &dﬂtti?n to an nut.; |
side o.m.f. vpon the resistance of the sanples, or the photlo-
resistant effect.

6. The effect of light; h&ut-; and an outside
o.m.f. upon the resistance of the ﬂnmphs; or the combined
phntn:ra:lhun‘l- and tharno=electric affects.

T. The effect of heat urﬂ;.r; with an outalds

0.0.7, upon the reaistance of the samples.



HISTCRICAL DATA

Eoenigsherger and Wolss ¥ found the thermo-
electric power of molybdenite against iron 4o be nesar 750
mv at 23° C, Coblentz > found the ﬂm'm-:r;ulwtr;n power of
molybdenite against copper to range from 700 to ;1,G{I-D v
at 26° C. The thurm;allutric power was considered positive
when the ourrent flowed from the hot to the cold jmection,

Coblentg © axplored the actino-electiric effect
of different areas ( 0.2 mm by 0.2 sm ) of molybdenite and
discovered that different parts of a sample may show dlf_;
ferent magnitudes of sensitivity; in faoct, one spot may
show a positive cuwrrent and another apot a negative cwrrent.
Farthermore, these locatlons may be as close asz 0.5 ocm to
each other, Coblentz 7 found on debydrating the samples,
by baking for several hﬁura; and then cooling that the
a.ntinu--nlactriu sensitivity was apparently unaffected,

4. Kosnigsbarger and Yelss. 8. V. EE; p. 10.
1911.

S, Coblentz, W, W, Some llew Thermoslectiric and Actinoe :
electric Froperties of Nolybdenite. B, 8, Bul. No. 436,
p. 359, 1924, * ;

6. Ibid. p. 391-95,

7. Ibid. p. 395-96



_ Coblentz & also found that the deflection of the
galvanometer may be positlive ( or nsgative ) depending wpon
the wave length of the radiations, Horeover the lowering of
the temperature shifts the maximmm of the mtlnﬁ;uluctrlu
reaction towards the low wave lengthe but has no marked offect
on the Intrinsic valus,

Goblentz 7 tested the phutn;raulntMﬂ effoct of
molybdenite after the samples had beon heated for several
hours. Ralsing the temperaturs to 100° C amd testing while
hot showed a decreased photo=rasistant aﬂ‘-ct; but on cooling
they resumed their original rosistances, If the samples
were heated to 500° C; coocled and then tested; there was no
apperent effect, but on heating to a glow the photoe-resistant
effect was parmnanﬂ:_r destroyed. At ;1'F$° ¢ 20 the resist-
ance of the samples was 150 to 2,000 times as great as it
was at room temperature.

8. ZIbid. p. 40'?;15.

9. Coblentsz, W. W. Varicus E!futﬂ;ﬂlﬂntriﬁ Inveatigations.
By 8, Bul, No, 463, p. 587-88 ]

40, Coblentz, W, W. Jome Optlcal and FPhoto-eleciric
Properties of Uolybdenite., Eg S, Bul. No. 338, p. 146,
1919,
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AFPARATUS AID UBTHODS OF PROCEDURE

The samples of molybdenits to be tasted wers
about 2.5 em long, 1 om wide, and 0.1 cm in thicknesa, and
wore mownted on pleces of sheet asbeatos { 4 c¢m by 6 onm in
size ), being held in place by clips made of spring trass
which were fixed to the asbosios by small stove bolte.
Copper leads were then fastened to the clips. 4n oven in
which the samples were subsequently heated was m.ﬁi; by
wrapping an slectrical heating element around a tin box
and covering it with a layer of wet asbestos cement. The
heating element was insulated from the tin box by asbestos
strips. After the asbsstos had dried the element was placed
in a larger %in box and the vacant apace filled with dry
asbestos cement. Leads for electrical commections were in-
sulated from the tin by small glass tubes. The oven door
contained a window 4 cm in diameter which conld be coversd
when it was necessary to exclude tha light. The gless was
capable of transmitting ul‘h'u.-.t'.’_mlot light,

The sowrce of light wes a II.DD-;intﬂh frosted buld
operating on a ﬂEﬂ;wlt alternating cwrent. The figwre of
merit of the galvanometer was found to be 2,56 times 10710
amperes per millimeter deflectlon when the scale was ons
meter distant. Pig. 1 shows a sketch of the apparatus, O
represents the oven, T the thurmmtar; S the sample of
molybdenite, ard W the window. The source of light was at

L.
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The order in which the different offscts were
tested is the same order as listed sbove, Vhen testing the
thermo=electric effect the window was sovared to sxclwie
the 1ight. %hen testing the antin?;nlnctrlu and ;thum_- 3
electric offects the battery B ( 0.8 wolts ) was cut from
the n;rnuit; by cpening Ks and closing ;. To test the
photo-resistant effect Kz was closed and K, open. At times
it was mcuuuﬁr to shmt part of the current through the
resistance Ry, then it wes necossary to caleulate the deflec=
tion by the law of parallel circuits. Kg is & reversing
ewitch. The source of light was S50 cm distant for all sam~
ples with the exception of pample 14 in which case the light
was only 10 cm distant. Readings were taken every 25 degrees
of temperature between the range of 25° and 200° centigrade.
Later the sanples were tested for all effects at ide tempers
atwres.

The mtl.m-s:l.uutric and combined mttnn-ﬁluﬁ‘i.n
and’ ﬂ:m‘ma-ulu-::‘lric effects were to be tested using :ﬁ-ru&"ﬂ
as & source of light, 'hut it was lmpopssible, with the appa=
ratus that wae available, to obtain rays that were steady
enough to make such a study.



DISCUSSION OF RESULTS
= © Sample 2

This sample was slightly uutinu;nlnutriﬁ
active at room temperature showing a galvanomster
deflection of 5.4 cm, Thoe ocombined actino- and thermo-
effects gave a deflection ranging from 4.5 ¢m at 25°
to 830 ¢m at 3007, while the th#rmﬁ-uﬂact alone gave a
deflection ranging from 0.5 cm at 25° to 509 cm at
500°, This difference would indicate that the actino-
effect was affected by the application of heat. Figs.

2 and 3 deplct these resulta. A4t ice temperaturs the
uut-l.nu-a‘rrunt gave a deflection of £ om while tho
thmu;nﬂ‘mt gave no Tesponsse,

With e.m.f. in series with the sample there
was no reaction when light was applied at room tempers=
ature but at 300° there was a deflection of approzimately
208,800 cm. At room temperatirs and with the e.m.f. in
paries; the sample being in the derk; a deflection of
1,300 cm was noted and at 300° the deflection was 200,800
om. Theso responses are shown by Pigs. 4 and 5, Upon
reducing the temperatuwre to that of ilce it was found that
the phntu-:raniat-ant effect waa not noticeably altersd.



Sample £

Timo OGalvenometer Deflection Tlme Oalvanometer Deflection
1 'ﬂ’-n -!h:.'i- om

2 5.4

3 5.4 £ min 0.1 cm
4 5.4 1 1.2

5 5.4 Recovery Read Up

Actino- plus therme- electrie effects

Temp, Galvanometer Dsflesctlon Oalvanometer Deflectlion

°c In Centimaters In Contimeters
Direct Reverse Averags Direct Reverse Average

glivwipluiilion iii0 '

85 4.5 4.5 4.5 5.4 5.5 5.45
60 &9 4.6 4,75 Gl 6.3 6,35
78 4.9 4.9 4.9 10.1 10.1 10.1
100 4.9 4.9 4.9 20,0 20,0 £0,0
125 8.4 8.8 8.3 44,0 &0 44,0

150 16.3  16.8 15,55 68,0  68.0 65,0
175 E58.0 7.5 27.756 *gg8,0 106.0 102.0
R00. .4 45.0 44,7 180.0 170.0  175.0
225 195.0° 170.0 172.5  £38.0 2%0.0 2440
£50 £75.0 288,0  281.%5  396.0 38,0 &89.0
275 420.0 417.0  418.5 ~ 860.0 580,0  590.0
300 820.,0 840.,0 830.0 Recovery Read Up
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Sample % - il

Tharmo=-olectric effect

Calvanometer Daflection Galvannmétnr Daflection

EmP' in centimeters in contimoters
Direct Roverse #verage Direct Reverse Average

] 0 o p

&% 0.5 0.5 0,5 0.5 0.5 0,55
50 2,3 2.8 2.85 2+8% 2.85 5485
75 4k 4.5 & .59 5.8 5.6 5.7
100 8.1 7.9 8.0 8.8 8.8 8.5
125 10.5 10.7 10.6 12.4 11.E 11.8
150 14.7 14.5 14.6 13.5 14.4 13,95
175 £20.7 g0.9 20.8 ER.D 4£.5 52.5
200 sg.6  3£.0 32,3 102.0 105.0  103.5
226 142.0 140.0 141.0 170.0 155.0 162.5
£%0 22,0 210.0 211.0 £30.0 237.0 253,.5
275 e.0 316.0 314.0 325.0 305.09 315.0
500  S17.0 502.0  509.0 Ascovery Read Up
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Sample 2

This sample gave a deflaction of 1,560 em
‘at room temperature when in the dark and with the e.n.t.

in serios. It was not photo-resistant at room temperature.

The effect of o.m.T., light, and heat.

Tomp. Galvanometer Deflection Galvanometer Deflection
oG in centimetérs in centimeters
Direct Reverse Average Direct Reverss Average

@ 1200 1300 1300

25 1560 1560 1560 S500 3600 3500
50 2520 2520 2580 5140 5140 5140
75 5680 5620 56820 2935 8955 8955

100 165600 15600 15600 13765 13765 13765
125 23700, 23400 28550 52400 85200 23800
150 22400 39200 38800 20400 30400 30400
175 56800 E5800 56800 SE800 37500 37200
200  B0O800 80800 80800 60800 60300 60800
gos 103200 104000 103600 88000 90400 89800
g0 136000 136000 126000 132800 123300 130800
ews 176000 171200 173000 184800 124800 184300
300 208000 209500 805800 Racovery Read Up



Cr i G o /re P Defioe Prom

ATODOF |

Soos Oerfl 1

Py |

I

Fapa :
A3 LAl AT RS

28008
Fiven
Fosed
g

¥
L7 Jiﬁfﬁ' 2

S o T A 35 5w o g5 o S Se0®E

A ComducPveilyda® 7o & F

2= Lo fncﬁ? J#f &, ..'-"..'l:.l" A
T&# &

Frg. ¥



Sample 2

The effect of e.m.f. and heat

Temp. Oalvanometer Deflsction Galvanometer Deflectlon

oc in centimeters in centimeters
Direct Reverze Average Direct Reverse average
0 1300 1300 1300
25 1300 1800 1300 2580 8520 2580
50 1500 1600 1500 3660 3660 3660
75 S420 2420 J4EQ 65660 6650 6560
100 5220 8880 6550 9800 2200 2800

125 12100 12200 12150 16200 16200 16200
150 21000 £0500 20950 22400 22400 22400
176 52400 32600 32500 34500 34600 34600
200 57600 57600 57500 51200 51200 61200
o2s | wSE00 73800 - 73600 79200 79200  T9200
250 111200 109600 110400 151200 131200 131200
B8BTS 147200 145500 45400 170400 170400 170400
300 200200 200800 200800 Racovery Road Up
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Sample &

This sanple was slightly actino-active at room
tomperature giving a deflection of 7.4 ¢m. Under the influ-
ence of heat the deflection decreased to 4.5 om at 25% and
raached zero between 50° and 75°. Upon increasing the heat
still mnr? the deflection began to increase but ii a negative
dfrection, until at 300° the reading was -37.75 cm. 4
peculiar result was observed in that the saumple 4id not
recover to its original deflsction upon reducing the temper-
ature to that of the room. The sample was foud to be
tharmﬂ;activu at room temperaturs but negative te that of the
untinn; reaction., There was no noticeable change in the cur=
rent until the temperature had reached 125“; but at this
point thers was an increags in ths current until at

28% the deflection was ;B.d;nm. The deflection decreased
at temperatures higher than s28? $inally reaching zero at
near Eﬁﬂn; thon an incroass was observed but in a poaitive
direction. Upon raducing the tauyuraturn; the samples
recovered to its original deflectlon. Fige. 6 and T
i1lustrate these resulis. Upon reducing the tomperature
to that of ice and testing the actino- and thermo=- effecis
it was found that thore was no reactlon.

The sample Wwag not phuto;raalamt at room
temporature but was quite active with the application of
heat. With an s.m.f. in sories with the sanple and the
nppllnntian of 1ight there was a galvenometer throw of
76,000 cm at 3009, With the a.ppnuaum of heat only
there was a deflectlion of 'M,mu em at 300°, These
results are sho¥m grnph1c5113?by Figs. 7 and 8. Nelther
of the effects whs> albered by reducing the temperature
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Aotino=-eloctric effect

Time Galvanometer Deflection Time CGalvanometer Defleotion

1 min T.dh om

g Tk

S Tud 2 min 0.1 om
4 Tk 1 0.1

5 T4 Recovery Read Up

Lntlnu; plus tharm; alectric offocts
Temp. Galvanometer Deflection Galvanocmetor Ueflection
@ ¢ in centimeters in centimeters
Direct Reverse Average Direct Reverse Average

0 0 0 0

25 4.6 4.6 &6 =04 =0 -0.4
50 2.0 1.6 1,75 ;ﬂ._.i -0.4 =044
T I okt 0.0 < i lin0ies
R e D P o 0.5 0.6  =0.5
185 8.7 8.9 -5.8 0.4 ;_n.a 0.4
160  -13.5 =13.6 J13.85 . =B.4 =2,6 =246
175 ;lT.i ;IT-S ;1?.45 ;1|ﬂ =1,.8 Tl'4
200 ;21.7 =2E.0 ;Bl.BE =T, 4 ;7.5 =T oD
em e Loy ime g Ry eSS el -14,5
s ai.e 49,88 SO,E o818 -21.0
218 -30,0 32,5 ~3L.75 80,6 <-El.5  =21.0
300 : ;33.9 ;ET.TE Recovery Read Up
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Thermo-slectric effect

Temp. Galvancpeter Deflection Galvanometer Deflectlion
G in centimetera in contimaters

Direct Reverse Average Direct FHeverse Averege
o 0 0 Q

— .-

e ol il S R 0.0t 0400=1i 0D

S S S (8 D

75 ° 0.8 FD.B 0.2 S, R
e St S e e T
I TR e T e R
A e A AR T i T

S R e S e
e e g L G At 0.k E1048
e e S A R P B SR
B80T TN A LT 1.2 0 1.2 1.2
278 R S ST 8.8 9.0 8.5

200 11.0 11.3 11.15 Recovary Read Up
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- Sample B

Then- in the dark and with ths e.m.f. in
series, this mam;_:h gavo e deflection of 450 cm at
Toom temperatire.

The offaoct of l-ﬂqf”. liEh'tq and heat.

Forps Galvanometer Deflection Galvancmetor Deflectlon

c in centimeters in centimeters
Direct Reverse Average Direct Reverss average

[ B 270 270 £70

25 450 450 450 420 430,0 430.,0

50 612 Gle 6lE T55 TE0 T5T.5

75 TOO &90 695 1190 1190 1190,0
100 1710 1710 1710 2eg0 2560 £2840.0
185 2900 2900 £900 3400 400 3400 ,.0
150 3400 2400 3400 5500 5500 5200.0
175 6500 5500 6500 §&00 8800 8&00.0

200 10500 10600 10550 10400 10500 10500.0
225 15800 19400 19600 21100 21200 £1150.0
250 0200  TOS00 SRL00 36600 36800 S36800,0
275 53500 53600 53600 5660 56700 56650,0
300 75200 76300 76000 Rocovery Read Up
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Sample £

The offoct of e.m.f, and heat

Terps CGalvanometer Deflection Galvanomster Deflection

oC in centimaters in cantineters
Direct Reveras Average Direct THeverse Average

. gr0____ 270 g0

25 270 270 =70 330 530 330

50 200 00 300 490 490 490

15 420 4820 420 1300 1300 1300
100 780 780 780.. 2670 2870 2670
12% 1720 1720 1720 . 5800 3800 2800
150 3100 3100 3100 5800 5800 5300
176 5600 5600 . 5600 8900 8900 8900

200 10500 10700 10650 14500 14500 14500
sS85 18300 18400 18350 24600 24300 24550
250 30200  I0400 0300 35600 35300 I6200
275 41600 41600 . 41600 62400  &3200 63300
00 T&40 T440 7440 . Recovery Read Up
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3ample 11

This sample was only alightly a.at-lnu;aatiw
at room temperature but gave a deflectlon of neenf4Z cm
at 300°, Upon testing the t-hun_nn; effoct it was found
that the sanple was not active at 256° but wpon heating
to 200° there was a deflection of approximately £9 cm.
The differencs between these results will give the true
nntin&:- affact. PFlgs. 10 and 11 show thege resctions.
These semo tests were made ia.t-nr at lce temperature and
{1t was found that the sample was not light ant.ivn; but
thea tharrt:w-.-afract gave a deflection of 3.2 cm.

This sample was not Photo- sansitive a.t_rwm
tgmgaratura; but udsr the influence of haat-; 1ight, a.m:
8. 1,8, there was a galvanometer deflection of m;aau o
at 300°, At 300° the e.n.f. alons gave a deflection- bf
70,150 om, which is approximstely that of tie phnt:n;
roslstant offect. Figs, 12 and 13 depict these reactions,
It was found that there was o spparent differance betlwesn
the results at ice tomperature and those of room lazper-

atura.



Sample 11

Actino=- plus thermo- electric effects

Temp. Oalvanometer Deflection OCalvanometer Deflaction
o in centimeters in contimeters
Dirsct Reverse Average Direct Hoversse average

0 0 0 o

25 158 1.8 1.2 0.4 0.4 0.4

50 1.4 G 1.4 0.8 0.8 0.8

75 1.9 1.9 1.9 1.05 1,085 1.08
100 0.7 0.7 0,7 : 1,05 1,05 1.05
125 4.4 4.5 5,45 0.8 0,75 0,775
150 8.7 8.8 8.75 0.9 0.9 0.9
175 11,8 11.2 11.5 0,86 0.7 0,775
200 14.6 14,8 14.7 0,7 0.7 0.7
855 15.2 14.8 14,7 4.1 4.1 4.1
250 15.2 14,1 15,15 13.9 14,2 14,05
=75 28,1 29,3 £8.2 £5.,5° 83,3 23,4

500 4.6 41.9 41.75  Recovery Read Up
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Sample 11

Thermo=oleotric effect

Temp. Calvanometer Deflesction OCalvenometer Deflection

%G in centimeters in centimeters
_ Direct Teveras Average Direct Reverss Aaverage

Q. 2 S

g5 0.0 0.0 0.0 0,0 0.0 0.0
50 0,1 0. 0.1 0.0 0.0 0.0
75 0.4 0.4 0.4 0.05 0.05 0.08
100 0.2 0.2 0.2 0.05 0,05 0,08
125 0,1 0.1 Q.1 0.05 0,08 0,05
150 0.15 0,15 0,18 0.2 0.2 0.2
176 0.6 0.8 0.6 0.34 0.4 0,375
200 1.4 1.4% 0.485 0.6 0.5 0.6
285 B8 2.6 2.55 2.3 2.3 2.3
2850 . 6,8 6.4 6.6 8.4 9.8 8.8

275 13.6 13,7 13,65 19.2 15.5 12.0
“Z00 28,7 £28.8 £8.75 Recovery Read Up
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Saople 11

The offect of e.m.f. at room tarmm:-at.m*a
gave a deflection of T om. '

The affaect of @.m.f., light, and heat,

Eamp. Galvanomoter Deflection Calvanometer ﬁaﬂnﬁiﬂﬁ

birgﬂ cﬁ:&:ﬁ:ﬂrivwaﬂ Dirnﬁ c;ﬁ::ﬁzwikuga
0 0 0 .0 '
25 3. 3. 3. 3 B WA
50 7.1 1.4 7.25 +° 5.2 5.6 8.2
78 il. 11. 11, £5. ° £5. 25,
100 64, 65 64.8 100, 100, 300 o

125 1528, 157. 157.5 206, 202, , 203,
130 232, 425, 482.5 S00. S00. S00.

178 170, 770, 770, 850. 800. - 8304
200 1540, 1560,  1550. 2300, 2400, . 2330,
205 3700, 3600.  36E0. 4800, 4600 4700,

250 8100, 8400. 8250, 11700, 11500, 11800,
o 14800, 14800, 14700, 25500, £5800, 26000.
=00 30900, 20700, 30800, Recovery Read Up
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Sample 11

The effact of e.n.f. and heat

Temp. Galvanometer Deflection Oalvanomater Deflectlon

¢ in centimeters in centimeters
Dirsct Reverse Average Direct THeverss Average

0 0 0 ) :
25 9.6 9.6 9.6 23, 28, 28,

50 £5, a5. 25. - 65. 65. 65,
75 58. 58 . 5. 310, 310. 310.
100 138, 1. 1. 640, 640, 640,
125 400, 400, 400, 1080, 1040, 1050,
150 TE0. T4, T34, 2420, 2440, 2430,

175 1280, 1280, 1280, 5820, 3820, 3820,
200 2000, 1990, 1995, 8300, 5300, 5300
825 5200, 5200, 5200, 5300, 6300, 6300,
pso 950, 10000, 9950, 12100, 12100, 12100.
a7s 16100, 16100, 16100, 22600, 22400, £2500.,
500 50100, 20200, 20180  Recovery Read Up
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Samples 12

As shown in Fig. 14 this sample was actino-
active at room temperature tut upon epplying heat it was
observed that the cwrrent became zero at between 50° and
75°, Beyond this temperature the current increased %o
about 21 of but in a nogative direction. It will be
obgerved that tho sample did not recover to its original
aefleotion upon reducing the temperature to that of the
room, The sample was found to be slightly thermo=-sctive
and in a negative direction to that of the autinn; effact
at room temperaturs. This reactlon l1s shown by Pig. 15,
Thess same tests wers carriod on at ice tempsrature and
1% was dlscoversd that the u.ctinu; affect gave a deflec=
tion of 14 cm and the tharm.n— offoct a deflsction of
;3.5 cm.

At room temperature the e.m.f. alone gave a
defloction of 16.5 cm but upon adding light the reading
incroassd to 80 cm, Upon tasting the phnto--rtaiﬂtant
offect under ths influence of heat it was found that the
sample gave a galvenometer deflection of E;E}D om at
300°, Testing the semple wader the influence of heat
and a;n.r, gave a resding of 5:1&3 en at 300°, Thece
‘results ;ara shown graphically by Figs. 16 and 17.
neducing the tomperaturs to 0% 414 not apparently affect

these reactions.



Sanple 12

detino=plectric affact

Aalvanometer Deflectlon

Pfme Galvanometer Deflectlon

£ nin . 12.5 om

1

12,75

Rocovery Read Up

Actino- plus thermo= slectile affscts.

Galvanometer Deflection

Direct Bevarse Avorage

Galvanooeter Deflectlon
in centimoters
Direct DRoverss daverage

12,5
12.5
. 8.0
3.7
Se3
2.5
-2,1
4.3
7.1
-11.0
-17,15

Time
1 min 12,5 enm
= 13.0
3 15.0
4 13.0
5 13.0
Egup; in centimaters
g =14 L S L |
25 18.5 12.5
S0 12,5 12.5
75 8.0 g.0
100 ETTE ET?E
135 2.5 8.5
130 2.5 2.5
175 :311 ;2-1
200 ;hﬂ ;4.4
as ;T?l ;T.l
250 ;J.G.E -:11.5
275 17,0 ;11.1
300 ;31.1 ;HD.E

=21.0

':"l:l' -'E' -Qa 5 =0 » &
=d.5 =he5 =5

mdod =4.6 =45
2.8 =2.8 =28
e 1.6
B -1.1
;1.5 1.3 1.4

-343 -IE-.JF -E-lns
-Els -‘5-5 '"E‘.-E
_'g |6‘ ""gq'E' -B"E

-16‘11 -15 -l-l =15 11
HRecovery Sead Up
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Sample 125

Therno=gloctric Effect

Tomp. OGalvanometer Deflection Calvanometer Deflection
o5 in centimeters in centimeters :
Direct ZReverss Average Direct RHeoverse Averags

0 0 0 Q

25 0. 0. 0, 0. 0. 0.

B0 w01 w0 0.1 0.1 #0120

a A e R S e R (1
e S S R e e
e e S T s
150 0in . =0.5 ;a,s 20.8  =0.5 -0,5
175 0.7 ;u,? 0.7 0.9  =0.8 =0.9

S S e S e R P
e e O L TS TS

250 st e 1.2 -3.45  =3.5 ~3.475
875 1,3 f1.5 -1.3 ;5.1 -5.8 -5,95
s g

=3k =3t =3k Recovery Read Up
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Semple 1E

This sample gave a deflection of 16.6 cm under
ths influence of the e.m.f. at room temperature.
The affect of light and e.m.f.

Tims OGalvanometer Deflection Time Galvanometer Deflection

in centimaters in contimaters
1l min 18
2 20
D 20 £ min 18 cm
4 20 ) | 19
5 20 : Eamv?ﬁ Resd Up

The offect of e.m.f., light, and heat.
E‘ump Galvanometer Deflsciion Oalvanometer Deflection
c

I'lrii:% cﬁ“ﬁ:ﬁ:w;?wm Diraﬁ cﬁ:ﬂ:::“iﬂmgn
[« _20 20 20
&5 20 20 20 21 2l 21
S0 12 12 12 £9 29 29
75 8 8 8 52 52 52
100 57 57 - 57 112 124 186
125 1E0 120 120 232 Z16 284
150 420 420 &R0 >0 410 395
175 as0 200 &8s0 TAO TS0 130
200 1210 1190 1200 1140 11%0 1175
225 1780 1800 1790 1690 1660 1675 ;
. £50 £580 2620 2600 000 3100 2050
275 4500 4800 4700 4300 4300 4300

200 5500 5500 5800 Rocovery Read Up
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Sampls 12

T™e eoffoct of e.n.f. and heat

Egmp. Eul?ﬁng:;:immﬁrgutinn ﬁﬂ?ﬁm;ﬂimzzﬁnutim
Dirsct Reverse Aaverage Direct Reverss aAverage

9 15 13 13

25 13 13 13 18 16 18

50 15 15 15 el 81 8L

75 38 32 32 160 150 160
100 51 51 51 250 250 250
185 120 120 120 400 400 400
150 220 220 220 £70, 670 670
175 650 660 650 990 2990 990
200 260 250 950 1370 1370 1370
225 1760 1760 1750 15940 1940 1940
550 2710 2730 27820 3800 3900 3350
275 4300 4400 43850 5400 5400 5400
300 £100 6100 5100 Recovery Read Up
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This sample was found to De very nnt.!.m; active
at room temperature, btut upon applying heat it was obaerved
that the cwrrent decroased to zero at near 110°. Beyond
this temperafure the cwrrent increased but in a nagative
direction wmtil at 3007 the deflection was -346 ca, In
tasting the thermo- reaction 1t was discovered that the
deflection was only ;EE.EE-nni at 300° end negative to that
of the nnﬁinu; offoct at room temparature., Figs. 18 and 19
{11natrate the above results. TUpon testing these sams
pheses at ice temperaturs 1t was found that the gample was
not nc‘l:-im; active and the thnrm; affect gave a deflectlion
of only ;ﬂ .8 cm, : :

Fig. 20 will show that the sample was slightly
phﬂtﬂ-: sensitive at room temperature., Under the influence
of heat the p'l:l.nt&; rasction gave & deflectlon of aa;m oo
at 200°, Testing the sample under ths influence of hoat
and e.m.f's gave a deflection of ﬁﬁ;aﬂﬂ em at 300° as shown
by Fig. 21. These results were not altered upon reducing

the temperaturs o that of ice



Sample 13

Actino=slectric effect

T™ims Oalvanomster Deflection Time OGalvanometer Daflection

1 min 97 cm

e 100

) 100 £ min 0.25

4 100 12,00

5 100 Recovery Read Up

.‘.ﬂtﬂ'lﬂ; plus thermo= electric effects
Temp. Calvanometer Defloction Galvanomater Deflection
°c in centimeters in centimoters
Direct Reverse Averags Dirsct Reverss Jdverage

o Q 4] Q

25 a7 or o7 =18,5 ~12.% =1E.5
50 a2 8z B =12,9 =1B.0 =1E.=
s 50 50 50 20,0 =20.0  =20.0
100 7,80  T.88 7,86/ 8.0 . =R8.0.  288.0
125 ;B.E ;2_5 ;2;5 =17.0 =1T.0 =17 .0
150  L85.0 -38,7 =385  =85.0 21,0 -26.0
B Ty e M0 =770 =7T.0
000  -87.0 <87,0 =87,0  =130,0 -142,0  ~186.0
£ES ;1ﬁﬂfﬂ -;1EE.0 -162.0 LISE*G -157.0 =155,0
250  288,0 -B88.0 =228.0  =-195.0 -202,0 =198.S
o175  -272,0 -272.0 a-a?:-':,a -312,0 =305,0 =308.5
300 .-.3.:1*.(: -:-3.4:5.{: -;EH.D Recovery Bosd Up.
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Ly #

Thermo=alactrie . ﬂrant ! “

Tomp. Gelvanometer Daflectlon . G;lvﬁmmﬂa:'- Deflection
oc in centimetera in centimeters
Direct Reverse 4verage Direst Roverse average

O -"E:I_,B -.-IZ'I.B ';ﬁ‘ﬂ

£5 - o Q IJ [¥] 0 ]

50 SOLLL 0,1 " s a0 0 0 0

8500 (SOLR 0B &m0 R0 0,
100 0.2 0.3  =0,3 -0.35 0,5  =0.325
125 -2.2 2,6 2.4 0.9  =0.9  =0.
150 5.0 -2.95 ;2,975 R T
178 ;a_.a SRR 3.7 <80 BT
200 :-E.ﬂ ;-S-.D -.-E.ﬂ' -:-"I’-l. =5.7 ;5-9
B25. 8.0 79  S7.96 9,6 9.9  =9.75
260 . -16.2 --15_.5 ~16.35 14,5 -161 =42
275 -Eﬂ.'ﬂ ;EG.E -.ECI.BE ;19.5 ;Eﬁ.ﬂ -20.8
00 ;22;5 : ;za.s :-EE.EE Roecovery Resd Up
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Sample 15 .

This sazple gave a deflection of 12.on dus 0
a.0.f. at roon temperaturs.. -

The effect of e.m.f, and light
Time Oulvanometor Deflectlon Time Galvanomoeter Deflection
1 min 12.5 oo

2 13.3 3 min 1£.8
3 | 12.6 2 15.8
2 18,8 1 15.6
5 16.8 Haccwu{*y Read Up

The afrac:':- of a.m, 1., light, and heat.
EGIIIF- Galvanometer Deflection CGalvancmetar . Defleotion
i

in cantineters in centimetsrs
Direot Reverse Average Direct Beverse dJdverage

Q 16,8 . 168 16,8

25 16.8 16.8 16.8 100 108 101
S0 £0,0 20, 20, 154 164 164
TG 12 L. T5.5 &80 450 450
100 e, 176 174 560 590 505
125 3g0,  ITT. 378.5 2000 2000 2000
150 1880. 1840, 1335. 3100 G100 3100
175 4800, 4600, 4500, 49% 5100 5025
200 11800, 11800, 11800, 10800 10500 10500

885 14400, 14200, 14300, 30500 30500 30500 -
250 27100, 27100, £7100. 27100 27100 27100 :
275 39440, 38640. 39040, 60375 60375 60375

300 Halﬂ-ﬂ; 64400, 64400, Recovery Read Up
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The effect of a.m.f, and heat

Egmp. Galvanometer Deflection Calvancmeter Deflection

Diraﬂ nﬁﬁﬁiﬂ:w:nragn ‘Eirnﬂ “ﬁﬂfﬂi"hmg‘

L 1.2 1L.8 11,2

25 1180 P11l o 1158 56, 56 55

50 13.6 13.6  13.6 296 296 208

75 23 23 23 304 300 08
100 103 103 103 §30 530 550

125 260 250 250 ~60 840 840
150 540 540 540 150 1880 1580

175 1520 1520 1520 3240 3240 3840

200 5200 5400 5300 6300 6300 6300

226 9900 10200 10050 12800 12500 12700
250 20500 20800 . 20800 37000 37000 37000
275 33390 33390 33390 62300 528500 52300
=00 65200 65200 55200 Recovery Read Up
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This sample was not aotino- aoctive at room
temperature bdut under the influence of heat it was not-
iced that the curremt changed from positive to megatuve
and back to positive between the rangee of room temper-
ature and 200°, This tect was mede several times and the
results would alwaye bear out these observations, Fig.
£2 shows this remotiom, Thie sample was elightly thermo-
aotive at room temperature and showed a deflection of 15.75
om at 300°, Refersnoce is made to Fig, 22 for this ourve,
This sgemple showed neither sotino- nor thermo- sensil-
tivity at ice temperature.

Thin sample wao not photo-gensitive at room
temperature but nhuﬂ:‘i g defleotion of 24706 om at 200°,
Fig. 24 ip referred to for this graph. Upon testing the
gemple under the influence of heat and e.m.f. it was
obeerved that the defleotion was 4100 om &t 3009,

" Pig. 25 shows this renotion, These results were not altered
at ioe tomperature.



Actino= plus thermo- electric offects

Sample 14

Toemp. CGalvenometer Deflection Galvenometer Deflection
C in centimoters in centimeters
Direct Reverss Average Direct Reverse Average
0 o g 0
85 0.2 0.2 0.z 0.8 02 0.2
g0 0.2 0.2 0.2 0.2 " 0.2
7S 0.5 0.5 0.5 C.6 0.6 0.6
200 olzs. “oigs.  C0.es coal. -oal 0.
L e RS 0L =0La.  s0;8
150 -:’U.E ;0.3 =0, -ﬂ;‘T ;Cl.‘!' --ﬂ.‘i"
175 0.2 0.2 0.2 -a'ﬂ..ﬁ =0,2 =0.25
200 1.4 1.4 1.4 1.3 1.5 1.3
g25 1.1 1.1 1.1 1.9 1.9 1.9
250 0.5 0.8 0.5 1.6 1.4 1.5
G7E . 08 S0/08 =0 1.8 1.2 1.2
300 G;S 0,5 0.5 Recovery Read Up
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Sample 14

Tharno=aleotric affect

‘Emp. Galvancmeter Deflection Oalvanometer Deflection

c in centimeters in centizatersg
Direct Reverss Average Direct Neverse average

'] 0 0 0 .
25 0.1 0.1 0.1 0.1 0,05 0.75
50 0.1 0.1 O.l 0.1 0.1 0.1
T6 0.15 0.15 0.15 0.2 0,85 0.285
100 0,18 0,2 0,175 0.2 0.25 0.825
1;5 0.285 0.285 0.25 0.3 0.4 0.85
150 0.5 0.5 0,5 0,25 0.3  0.275
175 0.85 0.8 0.825 0,8 0.5 0.5
200 S 1,18 0.8 - 0.8 0.8
2856 S.4 S.6 a5 2.4 2.6 2.5
£50 5.6 5.6 5.6 5.7 5.2 5.45
275 8.9 8.6 8.75 g.g 8 8.45

200 15.5 16.0 15,75 Reocovery Read Up
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Sample la

This sample gave a deflection of § om with the
s.m.F. in series tut was not photo-resistant at room
tomperature

The effect of s.m.f., light, and heat

Temp, Gelvanometer Deflection (Calvanoooler Deflection

oz in centimeters in centimeters
Direct Reverse average Diresct Reverse Averags

S 3 2 A

£5 5 5 5 6 6 6
oo 12 1z 12 9 9 9
TS £5 25.6 £5.3 18 18 1g
100 35,5 35.8 36.1 26 25 26
128 91 93 98 Bl 81 81
150 14l 143.5 142.2 124 124 124
175 201 201 Izﬂl 163 163 163
£00 438 425 424 330 340 335
285 S68 597 579 455 540 500

250 2210 2300 2255 1240 1180 1210
o7s 2380 2900 2860 2410 2350 2380
200 3450 - 3500 3475  Recovery Reed Up
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The effoct of e.m.I'» and heat

gafnp. Oalvanometer Deflection OGalvanometer Deflection

in centimaters . in centimoters
Direct Reverse Avarage Dirsct Reverse Averago

0 B S —dl

25 11 11 11 -l& 16 16

50 12 iz 1z 16 16 16

75 85 2 25 22 28 25
];EPD - 53 3 &0 &0 50
185 s 55 55 150 150 150
150 240 240 40 530 530 §30
175 370 370 370 820 220 S20
200 TOO T00 TOO 1330 1330 1330
225 830 830 830 1570 1530 1520
250 1620 15850 1640 2120 2120 G120
275 2320 2380 2350 w280 3230 3830
300 4100 4100 4100 Regovery Reed Up
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Sun=ary

l. It has been found fhat the thermo-electile
power of molybdenite may be positive ( or nmegative ) %o
that of the actino-effect unﬂ'alwura inoreases with
a Ilaa 1n tepmperature,

2. The actino-slectric reaction is Tound in
sanples of both low end high resistances, but the Iintrinsie
volue geeme to be greater in samples of low resistanose,

a faot which 18 borm out by an inveatigation by Coblentzll,
From the date at hand it seeme that the amotinmo-slecirile
reaction is affeoteld by the application of intense hent.,
Coblentz 12 found, for temperatures below 70° { the nelt-
ing point of Woold'e metal ), the actino-electrie phenonmensa
to be independent of any agencles,

2, The rhoto=-rosistant effect of molybdenite is
not affected by am inorease in temperature. This statement
was verified by turning off the light at different tempor-
atures and notieing the defleotion. Coblents 13 found
that reduecing the temperature 4i1d not affect the photo-

resistant renction.

11. Coblentz, W. ¥. "3ome New Therzoeleotrlc and Aotine-
alectrio Fropertiea of Velybdenite™, B. 5. Bul.
Ho. 486, p. 418, 19824,

12, loeo, Cit.

13. Loo, Cit.
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4. The resistance of the samples was greatly
reduced at high temperature. This is in accordance with
an investigation conducted by Coblentz 14 in that he found
the resistance to be increased with a decrsase in t-::q:u'p-
ature.

5. There is a slight veriation in the readings
for different effects of the same sample which may be
attributed to a fatipgue within the samples. Sample 14 was
toated several times for the same phase and the readings
wera slightly less each 't.lm-u; but the gereral shape of the

cmves was the sams for esach test.

14. Coblentz, W. W. "Some Optical and Fhotoelectric
Propertles of Molybdenite®™, B, 8, Bul. Ho. I38
P. 146, 1919,
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