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1 Theoretical Background

In this experiment we will investigate the serial connection of two capacitors. To read more about the fundamental
features about the capacitors you may check Ref [1]. Please remember that the capacitance value of a parallel plate
capacitor is,

A
CZCOE, (1)

where C, €, A and d are the capacitance, electrical constant, area of one plate and separation of two plates respectively.
Electrical potential between two plates are determined by the capacitance as,

V== 2
s 2
where V and @ are the electrical potential
between plates and the absolute value of to-

tal charge on one plate. Imagine we have a A A
circuit part of two capacitors connected in
parallel. When we would replace the two C e C P gquivalent to > +

parallel-connected capacitors with only one Ceq
capacitor so that the replaced capacitance B B

is equivalence of the parallel connected ca-

pacitors, then the total current over the two
capacitors is equal to the current over the
equivalence capacitor.

Figure 1: (Left) Two capacitors connected in serial. (Right) Equivalent
of the circuit on the left.

I=1+1I, 3)
Qeq = Ql + QQ (4)

and using Eqn.(2) we get,
VeqCeq = V1C1 + V2 (. (5)

Because the capacitors are connected in parallel and because the third capacitor is the equivalence of them, the voltage
values on them should be equal to one another.

Veq =Vi=V = Ceq =C1 + Cs. (6)
The time constant of RC circuit which has two serial-connected capacitors is,
T = RCq,. (7)

Due to Eqn.(6), the equivalence capacitance is less then the capacitance values of the components. This should increase
the time constant of a RC circuit and make the total duration of charging and discharging increased.



2.1

Procedure

Experimental Procedure

. By using the power supply and a multimeter, adapt the source voltage 5V and immediately turn it off. Perform

this step very quickly!

Set the circuit given in Fig (2) with a and 10kQ resistor and two 2200uF capacitors.

. Calculate the time constant and seven times of the time constant of the circuit. Write these values down in

Section 3.

. Place a chronometer next to the voltmeter and ammeter. By using small pieces of paper, write the names of the

multimeters (write which one is the voltmeter and which one is the ammeter.)

By using your phone’s video feature, start recording the circuit while source is turned off and read the specifics
of the circuit verbally so that the video can record your voice.* DO NOT STOP RECORDING.

Turn on the chronometer and the source simultaneously while recording. Record for you see approximately zero in
ammeter and approximately source voltage in Vo,. DO NOT STOP RECORDING.But reset your chronometer.

After charging, turn off the source and turn on the chronometer simultaneously.
Keep recording until you see =~ 0 at the voltmeter. When you see zero, you may stop recording.

Repeat steps 2-8 with 10k resistor, 1000uF capacitor and 2200uF" as Part B.
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Figure 2: Circuit for the experiment.

2.1.1 Analysis Procedure

1.

2.

By watching the recordings fill all the tables in Section 3.

Plot the Veq —t, Vi —t V5 —t on the same millimetric paper using different colored pens for both charging and
discharging in all parts. You should have 4 compact coltage plots.

Plot I — ¢ graphs for both charging and discharging in all parts. You should plot 4 current graphs in total.
Using the source voltages, calculate 63% of it to analyze V., —t plots during charging. Write them in Section 3.

Find the 0.63V; value at the y — axis and read the corresponding time value from x — axis for the V4 curve.
This is your experimental 7 value for V., — ¢ plots during charging.

Using the source voltages, calculate 37% of it to analyze Vo — t plots during discharging. Write them in Section
3.

Find the 0.37V, value at the y — axis and read the corresponding time value from x — axis for the V.4 curve.
This is your experimental 7 value for Ve, — ¢ plots during discharging.

*You should read the resistance, capacitance and source voltage values.



8. Using the source voltages, first calculate the initial current values and then calculate 37% of it to analyze I — ¢

plots during both charging and discharging. Write them in Section 3.

9. Find the 0.37Ip value at the y — axis and read the corresponding time value from z — axis.

experimental 7 value for I — ¢ plots during both charging and discharging.

NOTE: You may check Fig. (3) to grasp the details about analysis.
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Figure 3: Templet plots for current and voltage during charging and discharging.

This is your



3 Data & Analysis
3.1 Part A: () = Cy = 2200uF, R = 10k

Calculate the following values in detail.

] (®)
T 9)
Charging
Table 1: Table of time, voltage and current values during charging
for C7 = Co = 2200uF, R = 10kQ2, V, = 5V.
#t(s) | T | VEW) [ VEWV) [ VEWV) || # | t(s)| T(—) | VevV) [ VEV)|VE(V)
1 1 31 45
2 2 32 50
3 3 33 55
4 4 34 60
5 5 35 65
6 6 36 70
7 7 37 75
8 8 38 80
9 9 39 85
10 10 40 90
11 11 41 95
12 12 42 | 100




13 13 43 | 110
14 14 44 1 120
15 15 45 | 120
16 16 46 | 130
17 17 47 | 140
18 18 48 | 150
19 19 49 | 160
20 20 50 | 170
21 22 51 | 180
22 24 52 | 200
23 26 53 | 220
24 28 54 | 240
25 30 55 | 260
26 32 56 | 280
27 34 57 | 300
28 36 o8 | 320
29 38 99 | 350
30 40 60 | 400




|

e Analysis details of V., — ¢ plot during charging.

63% of Vs

T corresponds to it(i.e. Tezp)

Tthe

P.E.

Tthe — T
%M x 100 = %
Tthe

e Analysis details of I — ¢ plot during charging.

Iy

37% of I

T corresponds to it(i.e. Tezp)

P.E.

Tthe — Te
%M x 100 =%
Tthe




Discharging

Table 2: Table of time, voltage and current values during discharg-

ing for C1 = Cy = 2200uF, R = 10kQ2, V, = 5V.

#t(s) | T | Ve ) |[VEWV) | VEW) | # | t(s)| T() | V&) | VEWV) | VE (V)
1] 1 31| 45
2 | 2 32 | 50
3| 3 33| 55
4] 4 34 | 60
5| 5 35| 65
6| 6 36 | 70
T 7 37| 75
8| 8 38 | 80
9] 9 39| 85
10| 10 40 | 90
1] 1 41| 95
12 12 42 | 100
13| 13 43 | 110
14| 14 44 | 120
15| 15 45 | 120
16 | 16 46 | 130




17 17 47 | 140
18 18 48 | 150
19 19 49 | 160
20 20 50 | 170
21 22 51 | 180
22 24 92 | 200
23 26 93 | 220
24 28 54 | 240
25 30 95 | 260
26 32 56 | 280
27 34 57 | 300
28 36 58 | 320
29 38 59 | 350
30 40 60 | 400




e Analysis details of V.4 — ¢ plot during discharging.

37% of V

T corresponds to it(i.e. Tegp)

Tthe

P.E.

Tthe — Te
%M x 100 = %
Tthe

e Analysis details of I — ¢ plot during discharging.

Iy

37% of Iy

T corresponds to it(i.e. Tegzp)

P.E.

Tthe — T
%M x 100 = %
Tthe

(23)

(24)



3.2 Part B: C; = 1000uF, Cy = 10004F, R = 10k

Calculate the following values in detail.

o (26)
T o= (27)
Charging
Table 3: Table of time, voltage and current values during charging
for C; = Cy = 1000pF', R = 10k, Vs = 5V.
#t(s) | T | VeW) [ VEWV) [ VEV) || # [t(s) | T() | Va(V) |[VEWV) | Ve (V)
1 1 31 45
2 2 32 50
3 3 33 | 55
4 4 34| 60
5 5 35 65
6 6 36 70
7 7 371 75
8 8 38 | 80
9 9 39| 85
10 10 40 90
11 11 41 95
12 12 42 | 100
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13 13 43 | 110
14 14 44 | 120
15 15 45 | 120
16 16 46 | 130
17 17 47 | 140
18 18 48 | 150
19 19 49 | 160
20 20 50 | 170
21 22 51 | 180
22 24 52 | 200
23 26 53 | 220
24 28 54 | 240
25 30 95 | 260
26 32 96 | 280
27 34 57 | 300
28 36 58 | 320
29 38 59 | 350
30 40 60 | 400
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e Analysis details of V,q — ¢ plot during charging.

63% of V;

T corresponds to it(i.e. Tegp)

Tthe

P.E.

%Mxmoz%

Tthe

e Analysis details of I — ¢ plot during charging.

Iy

37% of Iy

T corresponds to it(i.e. Tegzp)

P.E.

%Mxlooz%

Tthe
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(32)

(33)

(34)



Discharging

Table 4: Table of time, voltage and current values during discharg-

ing for C7 = Cy = 1000pF, R = 10k, V, = 5V.

13

#t(s) | T | Ve ) |[VEWV) | VEW) | # | t(s)| T() | V&) | VEWV) | VE (V)
1] 1 31| 45
2 | 2 32 | 50
3| 3 33| 55
4] 4 34 | 60
5| 5 35| 65
6| 6 36 | 70
T 7 37| 75
8| 8 38 | 80
9] 9 39| 85
10| 10 40 | 90
1] 1 41| 95
12 12 42 | 100
13| 13 43 | 110
14| 14 44 | 120
15| 15 45 | 120
16 | 16 46 | 130




17 17 47 | 140
18 18 48 | 150
19 19 49 | 160
20 20 50 | 170
21 22 51 | 180
22 24 92 | 200
23 26 93 | 220
24 28 54 | 240
25 30 95 | 260
26 32 56 | 280
27 34 57 | 300
28 36 58 | 320
29 38 59 | 350
30 40 60 | 400
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e Analysis details of V.4 — ¢ plot during discharging.

37% of V

T corresponds to it(i.e. Tegp)

Tthe

P.E.

%Mxmoz%

Tthe

e Analysis details of I — ¢ plot during discharging.

Iy

37% of Iy

T corresponds to it(i.e. Tegzp)

P.E.

%Mxlooz%

Tthe
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(40)

(41)

(42)



4 Conclusions
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5 Notes
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