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A Study of the Process of

Electricel Conduction in Pilms of India Tnk

INTRODUCTION

The grid leak used in redio engineering often is an ink film,
It is used as a path of escepe of electrons from the grid, This

path is necessary, for electrons collect ont he grid and cause it

to become negatively dt arged, Since a vacuum tube will not funce
‘tion unless the grid is charged positively with respect tothe £il-
iement, the necessity of the grid lesk is obvious. T™he rate of
absorbtion of electrons by the grid, and of their removal by the
grid leask ean be controlled to & certain extent by varying this

grid leak resistsnce. Figure 1 shows tle use of the grid eak (R)

in a W1reless receiving set. The commercial India Ink grid@ lesks

sre mede of s sheet of cardboard sbout an eighth of an inch wide

and an inch long, covered on both sides with India Ink whidéh serves

&8 the conductor.
Although the exact conatituents and the method of manufe ctur e

of Indis Ink are business secrets, we know that Indie Ink is &

colloidal suspension of smell particles of carbon and liquid glue

called size.

In this work I tried to determine three things. First, whether

or not this ink colloid sh owed Kataphoresis. Second, the effect

of moisture on the resistance. Third, whether the condunetivity

of the ink film was metallic or electrolytic.
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APPARATUS

To test for kétaphoresis, I used a U tube with side arms and
Copper wires for electrodes es is shown in Figure 2, I used s
Solution containing 5ce of ink in 50cec of solution, snd a potential
difference of 6 volts from:a storage battery.

To find the effect of dilution on the resis tance of = lutions
of ink in water, I used & conductivity cell and & Wheatstone 5ridge.
0f course in measuring tle resis tance of solutions I had to use
high frequency slternating current and telephone receivers, I used
& Variable condenser to bslance the capaeity of the conductivity,
cell. Figure 3 shows tte eonductivity cell, with the long & nd
short distances between the electrodes. PFigure 4 shows tre wi ring
agram ugea por this work, showing the oscillating circuit I used
'8 8 Source o high frequency elternating current, and the Wheetw
3tone bridge, where ¥, , T», and R are variaple andXis the resis tance
0 be measured, |

To determine the éffect of humidity on the resis tance of the
ke films, I placed some grid leaks, which I made, in desiccators
:ontaining #ifferent salts, whose aqueous vapor tension was avail-
ble from tables. I messured the resistence wit hthe same "Whest-
tone bridge arrangement as is shown in Figure 4. Later I found
et I counld use direct current and agalvanometgr instead of alter-
1ting current ané telepbones. Since this increased the accuracy

£ my measurements, I made this replacement. -Figure 5 shows the
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| type of @esiccator fitted with wires wki»ch I useé;

To find whether the conduction was metallic or electrolytic
'I used desiccators suche s shown in Figure 5 and measured resist-
‘ances with the Wheststone bridge of Figure 4 using dirrect curremt
‘and galvanometer. As & source of eurrent through t he grid leek I
‘used a D.C. generator.

RESULTS

I kept a potential difference of six volts between the elect-
rodes as shown in Figure 2 for seventy hours. During bthis time
most of the carbon moved into the space about the anode leeving
the rest of the solution transpe remnt, but dark brown in color,

Meaguring the resistence of so lutions containing various pre-

Portions of ink and water I obtained the comparative results of

table 1, Thes& results are plotted in the curves of Figures 6 and 7.

TABLE 1
5 Registance
€c of ink in

100¢e of solution short speace long space
4,950 46,3200 ohps

3 3, 700 32,000 "

2500 2,300 21,600 "

- 5000 1,%20 1,306 . *

1.0000 810 7,400 .

5.0000 460 4,300 "

%.0000 297 2,850 "

4 ; 0000 190 1,600 »

5.0000 130 1,100

6.6666 1la 1,070 "

8.3333 114 1,060 "

In studying the effect of humidity on the resis ‘tance of ¥Ink il ms
in the form of grid lesks,I placed some of them in desiccators con-
taihing anhydrous calcium chloride end meesured thechange in resist-

ance as t hey were dried out. Believing that the card board wes not
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| shown in fablo 2.

rigid enough, I made some by coating with Indl a Ink some microscope

8lides whose surfaces had been roughened with hydrofluoric acia.

These I subjected to t he above treatment also. These result s are

Also T tooka grid leak which hed been Arie 4 ouwt

:' with caleium chlotide and put it over hydrated copper sulpYate which

i

| 81ves a pressure of water vapor over it of 7mm. "he changes of

Tesistance are shown in Table 3.

TABLE 2
Run 1 (using carabosrd) Run 2 (uming gless)
Time Resistance Time Resie ts nce
| 9 410,000 ohms 0 370,000 ohms
1 hr 160,000 2 days 13200000
lehrs 510 000 " 3 dﬂyﬂ 1240 000 g
30nrs 300 ,000 " 5'(‘&75 1370.@0 "
4Zhrs 300,000 * 6 days  1400.000
7 days 1400,000
9 days 1500,000
Run 3 (ygq lass) Run 4 (using glass)
Time Ragfagance Time Resist nce
0 150,000 ohme 0 280,000 ohms
1 hr 329" 000 1 hr 310000
2 hrs 400,000 " 2 hre 280,000
1 day 400,000 " 3 hrs 320,000 "
5 days 400,000 " 4 hrs 200,000
8 days 400,000 2 days 160,000
Ndays 400,000 * 3 days 250,000 *
10de ys 160,000 "
TABLE 3
Time Resis tance
0 201,000 ohme (when placed in desiccator)
3 hrs 238000
1 day 240,000
4 days 500,000 "
8 days 255,000 "
10days 256,000 "
19days 275,000 "

To determine whether the eoxnduetion was metallic or electro-
lytie I placed & grid leak in the desiccator shown in Figure 5

uning hydrated copper sulphate and passed a direet current throuch



it from 1 to 3. Table 4 shows some of my results.,

TABLE 4
Run 1 (Over Copper Sulphate)
Time Registance
1-3 1=2 2~3 Ratio 1-2/2-3
0 240,000 117,000 120,000 9756
70 275,000 138,000 ; 133,000 1,038
Run 2 (Over Anhydrous Caleium Chloride)
Time
1-3 1-2 2=d
0 200,000 98,000 100,700 .978
19 days 200,000 100,000 100,000 1.000
CONCLUSIONS

Por the first, the ink solution shows kataphoresis, and the
results prove that the carbon particles have & negative dhmrge

in this colloid.
Since the resistence of the ink solutions increesed with di lu-

tion, it must be that it is t he carbon particles which cer ry the
current,end not the supporting eolloid.

My results on the effect of humidity on the resistemnce of grid
leaks are not definite enmough to draw any conclusions from.

The ratio of the resis fance of the part of the grid leek on
the positive side to the resistance of the perton the negative
S8ide is slightly larger after the current has been peesed thraxgh
1t. Howeweh, thig change is not large enough to lead@ to ‘the be-
lief that the carbon paerticles carry the current by passing frém
the positive to the negative terminal, that is, electrolytic con-
duction, or rether kataphoresis, Since this charge is very small,

however, I am led to believe that the conduction is, for the most

bart, metallice



___G—-

-

-
# é 1 7'
Concentration

Fig. 6

8

9

10






	Union College
	Union | Digital Works
	6-1925

	A Study of the Process of Electrical Conduction in Films of India Ink
	Henry Adolph Letteron
	Recommended Citation


	tmp.1534440613.pdf.Ke68t

