Abstract:

1. The aim of the experiment is to find the value of unknown capaqcitor ( C ) .
2. the method used    capacitor while it is charging and , then, while it is discharging every period of time , then plotting two graphs to get three values of ( τ ) and measuring ( R ) by two ways .
3. The main result is : 

C =    51       ±    2     μF
Theory:

     First, from Kirtchhoff second rule: the sum of all voltage drops over a closed loop is equal to zero . So, ∑V = 0 → 
.ε - IR -Q/C = 0, but I = dQ/dt → ε - dQ/dt R -Q/C = 0

→ dt = dQ / (ε/R - Q/RC)  .

     If we integrate both sides of the previous equation on the period ( t ) we obtain ; ∫ dQ / (ε/R - Q/RC)  = ∫ dt  → 
-RC ln [ (ε/R - Q/RC) / ε/R ] = t  , then we can caculate the charge on the capacitor as a function of time    → 
Q(t) = εC ( 1 - ℮-t/RC ) , but we relate the charge on capacitor to the charge on it by the following relation ; V = Q / C→ 
We can recast the previous equation as ; V(t) = ε ( 1 - ℮-t/RC ) , at time constant ( τ ) of the circuit the time ( t =RC) → 
V(t=RC) = ε ( 1 - ℮-1 ) = ε ( 1 - 1 /℮ ) = 0.63 ε ; where ε: voltage source .
     When it is in discharging we applied Kirtchhoff second rule again , we have ; -RI - Q / C = 0   , but I = dQ/dt → 
R dQ/dt = - Q / C  , divide by RQ to get;

 .dQ / Q = -dt / RC  , integrate both sides ;

∫  dQ / Q = -dt / RC → ln[dQ/Q0]  = - t / RC , then take the exponential ℮ to both sides and solve for Q(t) → 
Q(t) = Q0℮-t/RC = εC℮-t/RC .

     To find the voltage on the capacitor V(t) we substitute the 

value t = RC ( the time constant  τ ) in the last relation → 

V(t=RC) = ε℮-1  = 0.37ε  .
     We take the natural logarithm of both sides of the last original equation  → lnV(t)= ln(ε) - t / RC.
     The n we plott graph of [ ln(v)  vs.  t ] which has y-intercept equals to ln(ε) and a slope of (- 1 / RC ) which  equals ( -1 / τ ) , then we find the unknown capacitor using the following relation ; C =  τ / R .
     Finally one can find the uncertainity in C (∆C) frpm the following relation ; ∆C / C = ∆ τ / τ  + ∆R / R . But , the error in τ , ∆ τ = σm(t) . The uncertainity in R (∆R) can be estimated from the ohmmeter or from the color code . 

Procedure:

1. The circuit needed in the exact form was set up first .

2.We used the multimeter as a voltmeter and adjusted it to measure DC volts .

3. We were sure that the capacitor had no charge before using it . So we discharged the capacitor using a connecting wires .

4. In order to begin charging we turned on the power supply at the same time of the stop-watch start and recorded V every certain period of time start until we reached the point where approximately no charging after .

5. In order to start discharging we turned off the power supply at the same time of the stop-watch and recorded V every certain period until we reached a point which is zero .

6. The resistance R was measured either by the color code or by using multimeter .

7. Two curves on a linear paper were plotted , the first represents ( V charging  vs. t ) , the second represents 

( V discharging  vs.  t ) to find two values of τ .

8. A curve on a cemi-log paper was plotted to find its slope which equals -1 / τ and , of cource find τ .

Data:
	Discharging

V capacitor (volts)
	Charging

V capacitor (volts) 
	Time ( sec )

	5.19
	0
	0

	4.17
	1.08
	5

	3.32
	1.86
	10

	2.61
	2.54
	15

	2.12
	3.07
	20

	1.67
	3.50
	25

	1.36
	3.82
	30

	1.09
	4.12
	35

	0.87
	4.33
	40

	0.70
	4.50
	45

	0.56
	4.64
	50

	0.46
	4.74
	55

	0.36
	4.83
	60

	0.29
	4.91
	65

	0.23
	4.96
	70

	0.15
	5.04
	80

	0.10
	5.10
	90

	0.06
	5.13
	100

	0.04
	5.15
	110

	0.03
	5.17
	120

	0.02
	5.18
	130

	0.01
	5.18
	140

	0.01
	5.19
	150

	0.00
	5.19
	160

	0.00
	5.19
	170


Resistance R =( 1.00 ±0.0 5)103 KΩ 

Calculations:
1) From the linear graph paper :

     a) The time costant from the charging curve is( τc )

 τc = 22  sec.

     b) The time constant from the discharging curve is ( τd )

 τd = 22   sec.

2) From the semi-log graph :
     Slope =- 0.037 
. τs = -1 / slope = -1 / -0.037 = 27 sec. ( the time constant from the semi-log graph )

. τ =  71  sec.


∆ τ = σm(t) = 10   sec.

Resistance  R  = ( 991 ± 1 ) KΩ
C= τ / R  = 71 / 100( 103) = 51.463 μF ≈ 51 (10-6) Farad .

∆C  = C (∆ τ / τ  + ∆R / R ) = ( 2 / 51  +  1 / 991 ) 51 (10-6) = 2.0514 (10-6 )  ≈ 2(10-6 )  Farad .



C =    51       ±    2     μF

Results and Conclusion :

C =    51       ±    2     μF
Questions :

1. The value I got to the capacitor experimentaly ranges between ( 49 - 53 ) μF , but the given value of the capactor is 47 μF , so my value was not the same as the given one .

2. The resistance plays a main role in the rate of charging and discharging ,so increasing the value of the resistance will make the operation of charging and discharging slower . As a result, weprefer to increase R in order to get a slow charging and discharging operations so as to be obviously noticed while doing the experiment and record it easily every 5 seconds .

3. One of the major relations in our experiment is

  Q(t) = Q0℮-t/RC = εC℮-t/RC . But refering to our knowledge in math ; especially in exponential functions we know that the power of  ℮ which is (-t/RC ) is unitless ,so RC has the same units as t → RC has time unit which is second .

     To sum up , I expect some systematic errors in some points such as the error in the reaction time .

      Another expected systemstic error is not starting the stop-watch and the power supply at the same time ,sothe turning of one of them may be before or after the other .

     Finally, the capacitor may have charge before using it which will affect our results accuracy .
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