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 Series 4 
Exercise 1: 
A proton that has a velocity ሬܸԦ = 3 × 10଺ଓԦ + 4 × 10଺ଔԦ) (m/s) moves through a magnetic field               
ሬԦܤ = (0.02ଓԦ + 3ଔԦ) ) (T).  

Find the vector of  magnetic force exerted by the field on the proton, and then find the magnitude and 
direction of this force. 
Exercise 2: 
An electron in a television tube moves along the x-
axis with a speed v of 107 m/s, see the sketch in Fig. 
A uniform magnetic field in the xy plane has a 
magnitude 0.02 T and is directed at an angle of 30◦ 
from the x-axis.  

a- Calculate the magnitude of the magnetic 
force on the electron.  

b- Find the vector expression of the magnetic 
force on the electron in terms of the unit 
vectors ଓԦ , ଔԦ, and ݇ ሬሬሬԦalong x, y, and z axes.  

 

 
Exercise 3: 
 
 A point charge q = 6 µC is moving in a straight line 
with a velocity  ሬܸԦ = 5 × 10ସଓԦ (m/s). When the 
charge is at the location P(3 m, 4 m, 0), find the 
magnetic field produced by this point charge at the 
origin o, see Fig. 

 

 
Exercise 3: 
Two very long parallel straight wires carry currents that are perpendicular to the page. Wire ©1 carries a 
current I1 = 3 A out of the page and passes through the origin o of the x-axis, while wire ©2 carries a 
current I2 = 2 A into the page and passes through the x-axis at a distance d = 0.6 m from the origin. (a) On 
the x-axis, show the directions of the magnetic fields, to right of wire ©2 , between the two wires, and to 
the left of wire ©1 . (b) To the right of wire ©2 , find a distance a at which the resultant magnetic field is 
zero. 



Mohamed Khider University of Biskra                                                                Module: Physics 2 
 
 Solution of Series 4 
Exercise 1: 

1- Finding the vector magnetic force exerted by the field on the proton: 
Using the relation ܨԦ = ሬܸԦ)ݍ ×  :ሬԦ), we haveܤ

Ԧܨ = ൫ሬܸԦݍ × ሬԦ൯ܤ = +݁ ቮ ଓԦ −ଔԦ ሬሬԦܭ
3 × 10଺ 4 × 10଺ 00.02 3 0

ቮ= 1.6 × 10ିଵଽ [(3 × 10଺ × 3) − (4 × 10଺ ×
 ሬሬԦܭ[(0.02
Ԧܨ = 14.272 × 10ିଵ  ሬሬԦ (N)ܭ

2- Finding the magnitude of this force: 
ฮܨԦฮ = |௭ܨ| = |14.272 × 10ିଵଽ| = 14.272 ×  10ିଵସ (N) 

3- Finding the direction of this force: 
The direction of this force is directed along the positive  z-axis 
Exercise 2: 

a- Calculating the magnitude of the magnetic force on the electron: 
using equation of the magnitude of the magnetic force  we find that: 
FB = |q| vB sin θ =|-e| vB sin θ=e vB sin θ= (1.6×10−19 C)(107 m/s)(0.02 T)(sin 30◦) = 1.6×10−14 
N 

 
b-  Find the vector expression of the magnetic force on the electron in terms of the unit 

vectors ଙԦ , ଚԦ, and ࢑ ሬሬሬԦalong x, y, and z axes: 
We first express the velocity and the magnetic field in terms of the unit vectors as follows: 
ሬܸԦ = ௫ܸଓԦ = (10଻ଓԦ) (m/s) 
ሬԦܤ = ݋ܿܤ)  ଓԦ + + ଓԦ°30ݏ݋Ԧ) (T)= (0.02ܿߠ݊݅ݏܤ + ଔԦ) (T)=. (0.017ଓԦ°30݊݅ݏ0.02 0.01ଔԦ) (T) 



Mohamed Khider University of Biskra                                                                Module: Physics 2 
 
 
Ԧܨ = ൫ሬܸԦݍ × ሬԦ൯ܤ = −݁ ቮ ଓԦ −ଔԦ ሬሬԦܭ

10଻ 0 00.017 0.01 0
ቮ= −1.6 × 10ିଵଽ [(10଻ × 0.01) − (0 ×  ሬሬԦܭ[(0.017

Ԧܨ = −1.6 ×  10ିଵସܭሬሬԦ (N) 
ฮܨԦฮ = |௭ܨ| = |−1.6 ×  10ିଵସ| = 1.6 × 10ିଵ  (N) 
So: The magnetic force on the electron ܨԦ has a magnitude that agrees with the result of part (a) 
and is directed along the negative z-axis. 
Exercise 3: 
From the Biot-Savart law, we have: 

ሬԦܤ = ଴ߤ
ߨ4

Ԧݒݍ × ௥ ሬሬሬሬሬԦݑ
ଶݎ  

From the figure, we can find ݎԦand  ݑ௥ ሬሬሬሬሬԦ (from the point charge) as follows: 
Ԧݎ = (−3 ଓԦ − 4ଔԦ) 
ݎ  = ඥ(−3)ଶ + (−4)ଶ = 5݉ 
Thus :                                                         
௥ ሬሬሬሬሬԦݑ  = ௥Ԧ

௥ = (ିଷ పԦିସఫԦ)
ହ = −0.6 ଓԦ − 0.8ଔԦ 

Substituting the above results into the equation for ܤሬԦ we obtain:  

ሬԦܤ = ଴ߤ
ߨ4

Ԧݒݍ × ௥ݑ  ሬሬሬሬሬԦ
ଶݎ  

=ఓబ
ସగ

௤(௩పԦ)×(ି଴.଺ పԦି଴.଼ఫԦ)
௥మ   

= ଴ߤ
ߨ4

ሾ−0.6(ଓԦݒݍ × ଓԦ) − 0.8(ଓԦ × ଔԦ)]
ଶݎ  

= − ଴ߤ
ߨ4

0.8ሬ݇Ԧ൧ൣݒݍ
ଶݎ  

= − ߨ4 × 10ି଻
ߨ4

6 × 10ି଺ × 5 × 10ସൣ0.8ሬ݇Ԧ൧
5ଶ  

= −9.6 × 10ିଵ଴ ሬ݇Ԧ(ܶ) 
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Exercise 4: 
Using the right hand rule, we can draw the direction of ܤଵሬሬሬሬԦ of wire 1 and ܤଶሬሬሬሬԦ of wire 2 on the 
three regions of the 
x-axis as shown in Fig: 

 
 
When the magnitudes of the opposite two vectors ܤଵሬሬሬሬԦ  and ܤଶሬሬሬሬԦ are equal, the resultant magnetic 
field becomes zero. Therefore, we have: 

ଵܫ଴ߤ
݀)ߨ2 + ܽ) = ଶܫ଴ߤ

ܽߨ2 ⟹ ݀)ଵܫ + ܽ) = ଶܫ
ܽ ⟹ ଵܫܽ = (ܽ + ଶܫ(݀ ⟹ ܽ ൬ܫଵ

ଶܫ
− 1൰ = ݀ 

Thus: 
 ܽ = ௗ

ቀ಺భ಺మିଵቁ = ଴.଺
ቀయ

మିଵቁ = 1.2݉ 

 


