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Charge of an Electron
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Exercise caution when you turn on the power supply. If the circuit is
implemented wrongly, some of elements will be burned. Turn off the
power when you manipulate the circuit.

0. Introduction
The goal of this experiment is to obtain the charge @flectron, 1.60% 10" C, with a
transistor circuit. The Shockley equation and Ohm'’s |aeldyi

V(R.)= Bexp{ql\(/%} (1)

whereV(RC) is the voltage on resistd®. , B is a constantq is the charge of an electron

(It is supposed to be the unknown her¥y, is the voltage between base and emitkeis

Boltzmann’s constant (1.38410%° J/K), T is the room temperature in kelvins.

1. Implementation of the cir cuit: Re
Make the following circuit on a bread *
board. The typical values are: Transistor
R
R, = a variable resistor (~ 2 - %X R, < ?
R, ~3.9K (2-5 k) Ve NGN
+
R, ~ 100 K2 (90 — 110 B) DC<>
R Ry
R, ~39K(2-51))
R. ~30 K2 (20 - 40 )
Ve ~12-20V
4
You do not haveto use the exact Ground

resistances and voltages. Use the same —

order of thevalues. For example, Rc should be from 20 kQ to 40 kQ..

C
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Procedure to implement the circuit
1. Make sure which terminal is which for the transisté/hen the flat plane is directed up

as shown, the base, collector, and emitter can be faifull@ws.

Real Symbol

2. Label each resistor. R
C

3. Start implementing the circuit by looking at the each .

connection as shown. The connectibnshould have the

power supply, one terminal fromzRand one terminal R, NN\ —

Vc c

from R;. The picture below shows the connectibnpn C) 4
the breadboard. The connecti@nmust have the T R, R,
terminal of the collector and the other side gft@minal.

Similarly, check the connectior3, 4, 5, 6 and7.

Transistor | C

6
Re l Ground

SN

R

oogog
']
ooogoag

4. The resistor, R is a variable resistor, and the middle terminabisnected to R

5. The ground corresponds to the negative side of power supply.

Example Circuit
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2. Measurement

MeasureVy, andV(RC) each time by changing the variable resistor. (The inenewf V.
should be 0.005 — 0.010 V; however, the range of the voltage shodl8itb¥< V,. < 0.60 V.)
Adjust Vcc and variable resistor so you can start with arodgo~0.50 V.1t is very sensitive, so

rotate the knob with a little amount each time.

Ve V(R;)

Voltage across base and emitter Voltage across R

nV(R;)

Calculate this.

If you do not obtain proper results of above, please check following things:

» Is every wire connected tightly onto the bread board?

+ Are R,, R, and the emitter connected to the same ground?

e |s the transistor alive?

Plot the # and 2° columns.

VR

A

Question: Do you obtain a proper plot? Discusswith your partners.
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3. Obtaining the charge of an electron

If you take the logarithm of equation (1), you will have

INV(R) =In B+% @

Eq. (2) is aline equation% is the slope of the line, so plot thtdnd 3 columns of the above

table, then obtain the slope with Excel spread sheeastisguares fits)

Excel Procedure of How to Obtain the Sid¢pe this during the lab activity and print it out.)

DEeEH &LV &

1. Select two columns for the plot. Columns A and Bxaaedy values,

Al - % respectively[]
A | B 1zt Tools Data Window Help

1 13 4556
2 2 6553 . . L
3 27 855 2. Click “chart wizard” as indicated byz <t @ = -2 %) @l 45 100%
4 34 10547
5 41 12544 the arrow—= ; D E F G
6 48 14541
=

Chart Wizard - Step 1 of 4 - Chart Type

Standard Types | Custom Types ]

Chart type: Chart sub-type:

[
liog
o

x|

Scatter. Compares pairs of values.

Press and Hold to View Sample

[ et~ Erisn |

concel |

3. Select “XY (Scatter)” and for

“Chart sub-type” choose “Scatter. Compares pairs of vahges

shown. Then, click

-
Add Trendline

Options 1
egression type
P . Order:
Linear Logarithmic Polynomial
A f Period:
Power Exponential Moving Average

Based on geries:

I

v =[2 8570k + 084750

“Finish.”] .
14 z
12 =
4. Right click one of the 10 &
. 8 ) i Format Data Series
plot points and select . o et Do e
0 art Type...
“Add Trendline.”= ’ Source Dte.
2 Add Trendline...
a Clear
2 - o] 2 3 4 5}
5. Select
“Linear” and click the tab,
7 H ” rendline B
OptlonS D Add Trend| ‘_I_J
Type Options ]
Trendline name
% putomatic:  Linear (Series1)
6. Check “Display equation Cgastom: |
Forecast
on chart” then click OK. goward: o 5] unis
Backward: m Units
= [ Setintercept = 0
W Display equation on chart
™ Display R-squared value on chart
Cancel
7. The coefficient ok is the

~

slope of the plot(]

~

~
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Slope = =

From the above, solve fa@:

= Use Boltzmann's constaht = 1.381x10%*(J/K), Room temperaturé = (K)
[TemperaturéC = (5/9)(°F —32) , K=273.15+C]

== Calculate charge of an electron = (®)

Question: Does your result agree with the expected value?




