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Series n°4: Electrokinetics

Exercise 1

We consider a copper wire of section S = 10 mm? and length 1 = 1m traversed by a current of
intensity I = 1 A under a voltage U = 20 V, whose charge carriers are the electrons.

1- Calculate the number of electrons n per unit volume (assuming that each copper atom releases
two electrons).

2- Calculate the current density J in the copper wire.

3- Deduce the drift velocity V, of the electrons in the copper wire.

4- Calculate the conductivity o of the copper wire.

We give:
M, = 63.5g/mol; Ny = 6.02 X 10?3 atoms.mol™*; p = 8800 kg/m?3

Exercise 2

Consider the electrical circuit shown in the figure opposite. The current circulating in each branch
is given by:

Rl RZ
I;=14; I, =054; and I;=054A. A 1 9 1 ¢
1- Calculate the potential differences Uy and Ugp. e
2- Calculate the efficiency of the generator and the motor. E " Ra[]
3- Calculate the power dissipated by the Joule effect in the r ,
circuit. r
B | e | 7' D
R,
We qgive:

E=10V, e =2V, r=r =10, R, =4Q, R, =10, R; = 6Q and R, = 2Q

Exercise 3

Consider the electrical circuit illustrated in the figure opposite

1- Calculate current intensities I, I, and I5 circulating j_ M
respectively in the resistors R, R, and R5 using E,—— E
Kirchhoff's laws. ! 2
g )b e
2- Calculate the current I3 circulating in the MN branch g R,
using Thevenin's theorem.
We give: N

E1=10V,E2= 8V,R1= R2=R3= 210).

N.B for exercise 2. You can recalculate the current in each branch, using Kirchhoff's laws.
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Solution of series n°4: Electrokinetics

Exo- 1

1) Calculating the number of electrons per
unit volume.
» The number of Cu atoms contained in a

volume of 1 m3 is given by:

Ny.
';le = 8.34 x 1028 atoms/m?3

» The number of electrons per unit volume is:

N =

n= 2xN= 1.67 x 10?° electrons/m3
2) Calculating the current density J

N 2
Wehave.]—S—IO A/m

2) Calculating the drift velocity Vp
]

we have: | = nelVp = Vp = —
ne

=3.74 x10"°m/s
3) Calculating the conductivity o
[ B I.1
R.S U.S
=5x103 (Q.m) !

we have: o0 =

Exo- 3

1) Calculating the current I, I, and I,

Using Kirchhoff's laws.

yan

)

Ull R1 Uzl RZ
N
e 1t law of Kirchhoff: current law (or law of the
junctions):
Lt =1

e 2" Jaw of Kirchhoff: voltage law (or law of the
loops):

Loopl:E;—E,+U,—U; =0
Ei—E;,+ R, —RI; =0
10-8+2,-2;, =0
L-1=1

Loopll:E, —U;—-U, =0
E, —R3l3—R;I, =0
8—-2I3—-2I,=0
L+1;=4

We obtain a system of 3-equations with 03-unknowns:

To eliminate I3 we do eq(1) + eq(3), we arrive at the
system:
L-—L=1. ...
{11 42l =4 e (B)
To eliminate I; we do eq(4) — eq(2), we arrive at:
I,=1A
we remplace I, in egs (2) and (3) :
11 = 2 A
I3=3A
For verification: we replace I, I, and I3 in eq (1)

2) Calculating the current I
By applying Thevenin's theorem

a) Calculating E,5 (e.m.f of generator of Thevenin)

M
I -,
sl
11
Erp

U1l Ry UzI R,
N
Eip = Uyn =7
Loopl:E;—E;,—U,—U; =0
El_EZ_RZI_RIIZ 0
Bk
R, +R,
I=05A4
Loopll: E, —Eyp +U, =0
EZ_Eth+R21 :0
Eth = E2 + Rzl
Eqp=9V
b) Calculating R,; (equivalent resistance of Thevenin)
1 1 N 1 , M
Rin Ri Ry
n [
Rp=1Q
N

¢) Calculating I, (circulating in the MN branch)

I3 M I3 M
o
g. Eth____I
I R 1 3
E" Rth[]le
2
&
N N
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LOOp Eth - R3I3 - Rthl3 = O
I = _Een I;=34
R; + Ry,
Exo-2
1) Potential differences U g and Ucp.
UAB :E_T'Il :9V
UCD = e+7‘[2 = 25V
2) The efficiency of the generator and the

motor.
P P U
r(;:_u:ﬂ:ﬂzgo%
u M €
Tr === 80 %
M pe  pep Ucep
3) The power dissipated by the joule effect
in the circuit.
P =RiI?4+RyI? + R3I2 + RyIZ +1I? +7'I2
P=9W

(2) Dr. BENZITOUNI.S



