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Exercise 1: T »
To determine the capacitance C of a capacitor We set-up

ACADEMY

the series circuit of (Doc 4).

7E > i
This circuit iIncludes: an Ideal battery of I\~-||—-l :
electromotive force E = 10V; a rheostat of .
resistance R; a capacitor of capacitance C; an ’

- |:|q
ammeter and a switch K. = {a)
Doc.4

K

Initially the capacitor I1s uncharged. We close the switch K at the

Instant £, = 0.

At an instant t, plate B of the capacitor carries a charge g and the

circult carries a current i as shown in doc 4.




Exercise 1:

1.Write the expression of i in terms of C and u., where u,
= ugp IS the voltage across the capacitor.

ACADEMY

2. Establish the differential equation that governs the variation of u.

t
3. The solution of the differential equation I1s: uo.=a+ b.e =.

Determine the expressions of the constants a, b and t In terms of
E, Rand C.

t
4.Deduce that the expression of the currentis: i = g. e Rc,

5.The ammeter indicates Iy = 5mA at £y, = 0. Deduce the value of R.



Exercise 1: =

1.Write the expression of i in terms of C and u,, where
uc = upp Is the voltage across the capacitor.

(;'i? e ) C Y
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i=d—z Butq = C.u, _||"_+_.




Exercise 1:

2.Establish the differential equation that governs the

variation of u.

Using law of addition of voltages in series:

U = Uc + Up

E = llC"F Ri

Be Sm
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Exercise 1: P >

t
3.The solution of this differential equation IS u =a+ b.e -.

Determine the expressions of the constants a, b and  In
terms of E, R and C.
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; _t b _t
U, =a+ ber E=a+ be t—RC.;er
_t b _t
du, b _t O0=—-E+a+ bet—RC—-er

— = ——e T T
dt T

t[ RC
du, O=-E+a+ be 7|1
E=uC+RC— i T_




Exercise 1: =

0=-E+a+ be [1 Rcl [
T
—-E+a=0
1 RC
.
a=E )
T = RC
RC
1 =0
T




Exercise 1:
t

Uc —a+b.e-

0

O=E+Db.e rc
0=E+b.e°
O=E+Db

b=-E

P »
—L Be Smart
» U = E+ b.e kc ‘ACADEMY

uC:E—E.e_R_C

t
U = E(l — e_R_C)




Exercise 1: ' *

: . ., E L eSma
4.Deduce that the expression of the current is: i = —. e &c. ‘E&‘Bem’%?

t
uc =E—E.e rc

] E _t
Il =0C.—— i=6‘;(1—2ﬂz.e RC)

w_ E t
—— = ——_e€ RC I =—.e RC
R




Exercise 1:

5. The ammeter (A) Indicates a value I, = 5mA at ty; = 0.

Deduce the value of R.

E _t
I =—.e RC
R

Atty =0;I,=5%x10"34

0

I v RC
=—.e
O™ R
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I _E

O™ R

E

R=—

Iy

L 10
- 5x 1073

R = 2000



Exercise 1:

6. Write the expression of up = upy In terms of E, R, C
and t.

/. Atan instant t = t4, the voltage across the capacitor is u, = up.
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a.Show that t;{ = RC. In2.

b. Calculate the value of C knowing that t; = 1.4ms.



Exercise 1:

6. Write the expression of ug = upy In terms of E, R, C
and t.

Using ohm?’s law of resistor

Be Smart
ACADEMY

Up — R.1



Exercise 1:

/. At an instant t = tq, the voltage across the capacitor is u, = up.

a.Show that t; = RC. In2.

_t
E =2E.e RC
_h
1 =2.e RC

D Coosond
Be Smart
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In(1) = Ln(2. e_lg_lC)

0=Ln2 Ln(e_%)
Ly
0 =Ln2 RCLn(e)
L1
0=Ln2 PC

t; = RC.Ln2



Exercise 1: =
b.Calculate the value of C knowing that t; = 1.4ms ﬁvfsm
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t; = RC.Ln2

tq 1.4 x 1073
C _
» ¢ 2000.Ln2




Exercise 1:

8.To verify the value of C, we vary the value of R.

Document 5 represents t as a function of R.

A1 (x107s)

a.Show that the shape of the curve In
document 5 agrees with the]|;
expression of T obtained In part 3. |,
b.Using the curve of document 5, |
determine again the value of C. T R (x10°Q)




Exercise 1:

a.Show that the shape of the curve in document 5 agrees

with the expression of ¢ obtained in part.

The curve I1s a straight line passing
through the origin  with a positive
slope, then It agrees with the
expression T = RC.

Be Smart
ACADEMY

A1 (x1075)

R (x10° Q)
>




Exercise 1: ‘ *

b. Using the curve of document 5, determine again the value of C  fze 5ot

ACADFMY
T, — Tq A7 (x107s)
Slope = C =
R; — R4
3
C_(2—1)><10-3 ?
o _ 3 1
(2 1) 10 p a2 R (x10° Q)
0 1 2 3 4 >
Doc. S

C =20002









EXxercise 2:
We set up the circuit of document 3 that includes:
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 an ideal battery of electromotive force E = 10V. @ 0))
» two resistors of resistances R; = R, = 4KQ. QI K
* a capacitor of capacitance C and a switch K. :

A
N
q B

C

Charging the capacitor:

The switch K is initially at position (0) and the
capacitor Is uncharged. Doc.3 D

At the Instant £, = 0, K Is turned to position (1) and the charging
process of the capacitor starts.

At an Instant t, plate B of the capacitor carries a charge g and the
circult carries a current i.



Exercise 2: ® »

An appropriate device allows us to display the voltage u,p
= Upq across the resistor and the voltage ugp = u, across

ACADEMY

the capacitor. T
Curves (a) and (b) of document 4 show these | |\ fyf"’""’
voltages as functions of time. L

1.1) Curve (a) represents upq and curve (b) | 7%
represents u .. Justify : ,/ N
1.2) The time constant of this circuit is given | S = I

by T1 = R1C

1.2.1) Using document 4, determine the value of ;.



EXxercise 2: % 4

1.2.2) Deduce the value of C.

1.3) Calculate the time «t{» needed by the capacitor
to practically become completely charged

ACADEMY



Exercise 2:

1.1) Curve (a) represents ug4 and curve (b) represents u..

Justify.

Curve (a): wupp1=Rq1 1s directly
proportional to the current in the circuit.

During the charging process the current
decreases SO up¢ decreases.

Curve (b): ugp = u,, During charging process g Increases so

U, INncreases.

10

8

6

4

2

0
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EXxercise 2: ® «
E=10V, R1 — Rz = 4K()
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1.2) The time constant of this circuit is givenis t; = R{C

1.2.1) Using document 4, determine the value of ;.

Att:'l'l: lﬂ\ oy
; e
ur=0.63 X E \L 1L/

6

uc =0.63x10 = 6.3V |

N&
\

Then 1-1 — O4‘S€C 0 0.4 0.8 12 16 2 o4




EXxercise 2: ® «
E=10V, R1 — Rz = 4K()

1.2.2) Deduce the value of C. oS
Tl . T
T1 = R4C C=— s\ Dad
1 1 j> R, \ / 7
0.4 TV
C= - -4
4000 j‘> C=1X%X10"7F 4 ] \({‘:
1.3) Calculate the time «t4» needed by the capacitor | ° // BV
to practically become completely charged. ﬂlf A ‘T?T?—z——ﬁ)

The capacitor to practically become
completely charged at t; = 514

t1=5XO.4 j‘> t1:25




Exercise 2: P »
2) Discharging the capacitor:

The capacitor is completely charged. At an instant taken as
a new initial time t, = 0, the switch K iIs turned to position

(2), and the capacitor starts discharging through the
resistors of resistances Ry and R5.

At an instant t the circuit carries a current i (Doc. 5).
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2.1) Show, using the law of addition of voltages, that
the differential equation which governs u, Is:

RCZE+uc = 0whereR =Ry + R,




EXxercise 2:
2.2) The solution of this differential equation is of the form:

—t
u, = Ee*2, where 1, is the time constant of the circuit of
document 5. Determine the expression of 7, In terms of R
and C.
2.3) Verify that the time needed by the capacitor to
practically become completely discharged is t, = 5t5.
3) Duration of charging and discharging the capacitor

Show, without calculation, that « t,» is greater than «t».

ACADEMY



EXxercise 2: 9 *
2.1) Show, using the law of addition of voltages, that the
differential equation which governs u Is:

RCd:tC Fu, = 0 whereR =Ry +R,
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Uc = Upqy + Up2 j‘> Uc :R1i+R2i

uc=(R1+R)i W uc— (R +Rp)i=0

. dq _ _ dUu

i=—— and q=Cuc W =_¢ dtC
du

uC+(R1+R2)Cd—tC:O




Exercise 2: ® »

D Coosond
Be Smart

ACADEMY

2.2) The solution of the differential equation Is u, = Ee*2,
where 7, IS the time constant of the circuit.
Determine the expression of 7, Iin terms of R and C.

) p —t E -t
—~ duc  E 2| Fon, _RC—em2 =0

Uc = Ee™2 — = ——0e"2
¢ » dt To 12
—t
Subsitute wu, and % I E ez |1 RC] — 0
differential equation t2
u+RC%:O 1 RC=O T, = RC
¢ " dt T2



Exercise 2:

2.3) Verify that the time needed by the capacitor to

P "o I i
R, Cranf
De omarl

oA
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practically become completely discharged is t, = 5t,.

—t
Uuc = Ee
At tz o 57:2:
—51'2
Uc — Ee 72

U — Ee"5 —

0

Since at t,, the voltage across
the capacitor is zero, then;

the capacitor Is practically
completely discharged



Exercise 2:

3) Duration of charging and discharging the capacitor
Show, without calculation, that « t,» is greater than «t».

tz — S(Rl + Rz)c tl — 5R1C
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Since (R + R,) > R4 thent, > t4






