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VII-IS 

Problems Unit VII - CALCULATING MAGNETIC FIELDS 

1. 	 Imagine a current element I·d! in which the current lies in the xy plane,
and is directed to the right parallel to the x axis. What is the ~agnetic 
field at the crigin due to this current element if located: 
a. at the pO.int (0, a, 0) m? (dB = (...I(oIdL/41ra2H-k')] 
b. at the point (a, a, 0) m? (dB =.[2 .lfoIdL/1611"a2) (-~)J 
c. 	 at the point (a, 0, 0) m? (dB = 0] 

2. 	 The wire shown in the diagram below extends infinitely in both directions 
and carries a current I. What is the magnetic 
field at the center C of the semicircle arising 
from: 
a. 	 each infinite straight segment? (0) 

b. 	 the se~icircu1ar segment of radius R? 

(8 =~oI/4~, into P!ge) 


c. 	 the entire w.ire? (8 =..IfoI/4R, into page) 

3. 	 Consider the loop of wire sketched below. The curved sections are segments
of circles of radii a and b. The straight segments 
are along the radii. Find the magnetic field at 
pointP, assuming the current in the loop 1s I. 

(B ="'foIQ/(41T)(l/b - 1/a), out of page) 

4. 	 A wire carrying a current is oriented horizontally 
in a north-south direction. The north seeking end 
of a compass needle placed directly above the wire 
is deflected toward the west. 'What is the direct}on of conventional 
current in the wire? . (southward) 

5. 	 A long straight wire carrying a current of elec
trons of 5 A is perpendicular to a unlform mag
netic field hiving a magnitude of 10· T, up . 
as shown in the sketch at the right. Find the 
magnitude and direction of the TeTAL magnetic
field at the pOints p', ;Q, R, ...a S which lte 
on a Circle of radius 1 em around the wire. 

(P: ~ x 10-4 T, 450 out of the plane of the page, Q: zero, 
R: ~x 10-4 T, 450 inward from the plane of the page. S: 2 x 10-4 T, 
toward the top of the page) 

6. 	 Two long, straight, parallel wires are 1.0 m apart .~ 
and are perpendicular to the page as shown in the 0.5 • Wi re 11sketch at the right. The upper wire carries a current 

of 6 A into the page. 

a. 	 What must be the magni~ude and direction of the 1.0.m 0.8 m 

current in the lower Wlre for the total magnetic ~5 
field at point P to be zero? (2 A, out of page) 0.6 m 

b. 	 ~~l!~:dl~~e(a):r:h~~ ~:r~~!n~oi:i ~~~~:~iCc~~;ld Wtre'2 0.5. 
at paint Q1 ... at point 51 (Q: 2.1 1T,right; .p 
5: 1.6 ~T, 130 below left) 

p 
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Problems Unit VII - CALCULATING MAGNETIC FIELDS 

7. 	 If a +q -point charge ;s moving with speed v at a distance d from the 
axis of a long straight wire carrying a current I and is traveling
perpendicular to the axis of the wire, show that the magnitude of the 
force acting on the charge is given by 

F =!lQ. .9.Yl
2iT • d . 

What is the direction of the force if the charge is moving toward the 
wire? ... away from the wire? 

8. 	 Show that the magnetic field at the center of a square 

loop having sides of lengthL and carrying current I 
is given by 
 I 

• -What is the direction of B if I is in the direction 

shown 1n the diagram?

(Hint: ·find the contribution of one side and multiply 

by 4.) 

9. 	 The magnetic field of the earth is about 0.7 gauss at a 

certain location. A current is caused to flow in a cir 

~ular loop so that it exactly cancels the magnetic field 

Bearth at the center of the loop. If the loop has a radiu 

of 5 em and tearth is in the direction shown in the sketch 
at the right, what is the magnitude and directioQ of the 

current flowing in- the loop? (S.6 A, CCW) 


10. 	 In the sketch at the right, what must be the 
magnitude and direction of the current in the 
straight wire II' if the magnetic field is to 
be zero at the center of the loop carrying 
current 12? (1.S5 A. toward bottom of ,page) 

11. 	 Two circular coils, each having N tUrns of wire, 
have a radius R and are separated by a distance 
2R, as shown in the sketch at the right. Show Ilf:fro,

PI_~_.__ IIItbat the l-field at a point P on the axis of the' IIII II'
IIIcoils midway between them is given by 

1\11 	 !II ' 
• "'loIN212 . \ 	 'i I If 

i \ \ ,'i!I ' to the right.2R \\',.,iI , 
~-Assume that the cross ~ectional area of each coil 


is small compared to R • 
 .1 
I 
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Problems Unit VII - CALCULATING MAGNETIC FIELDS 

12. 


13. 

14. 

15. 

16. 

Recall that the flux of the electric field was given 
by SiE = todA' 
where the integral is evaluated over the entire area 
of interest. Similarly the flux of the magnetic field 
is 

iB 	=fe.dA' . 
The long straight wire AB in the sketch at the right 
carries a current I. 
a. 	What is the magnetic field at the shaded area at a perpendicular 

distance x from the wire? [§' = (1 I/2'lrx, into page)]
0 

b. 	 What is the magnetic fJux liB through the shaded area? 
~ [§jB = (-'to!/2Trx)Ldx) 

c. 	What is the magnetic flux through the entire rectangu1ar'area COEF. 
in terms of I, l, a, and b? tfB == @to /2'n')IL.1n(b/a)] 

A messy loop of flexible wire is placed on a smooth 
horizontal surface and attached at points a and b 
to wires that are in turn connected to a power 1. 

G 
~ 

source. If a current I is caused to flow in the :~ 
direction indicated in the sketch, will the wire --I~"-i 
try to expand forming a circular loop or scruntch 
up into an even smaller mess? 

1 2. Three parallel wires -are shown at the right carrying 
currents II' 12' and 13- respectively. 
a. 	If 0 == d, how· should the magnitudes and directions 


of currents 11 and 13 compare if wire 12 is to 

experience a net magnetic force of zero? 


D d(11 = 13, same direction) 
b. 	 If II == 31 .. , how should D and d compare if 12 is to experience a net 

magnet.ic fOrce of zero? (D =3d) 

Two parallel wires 2 m long and separated by a distance of 1 m are 

carrying equal currentg. Each experiences a repulsive force due to 

the ether of 1.6 x 10- N. What is the magnitude of the current in 

each wire? Are the currents parallel or anti-parallel? (2 A, anti 

parallel) 


A 

In the sketch at the right the long wire AB carries a cur
 8c. 
rent of2~ A. A rigid rectangular loop whose long sides 

are para11.e1 to wire AS carries a current of 10 A. Both 

currents are in the direction indicated •. 

a. 	When calculating the net force on the loop the force on 


the top and bottom sections of the loop due to the mag
 OJnetic field of AB need not be included. This is also t--l 	 catrue of the force on each side of the loop due to the 

magnetic field of the other sides of the loop. Explain

why these two statements are true. 


b. 	 Find the magnitude and direction of the net magnetic force the loop. 
(0.7 mN, 1eft) 

3 

I 

http:para11.e1
http:magnet.ic
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Problems Unit VII - C~LCULATING MAGNETIC FIELDS 

17. Evaluate ~B.dL around the dotted line paths shown below. 

a. . .I 	 b~"\ 
I I 

... 1 

18. 	 A large number N of long straight wires are arranged symmetrically on 
the outer surface of a cylinder of radius R with the wires parallel to 
the axis of the cylinder. Each wire carries the,same current I. Using
Ampere's law, describe the magnetic field inside and outside the cyl
inder. 

19. 	 The sketcn at tne rignt snows a cross section of a 
long conductor of the type called a coaxial cable. 
Its dimensions are labeled.in the sketch. There 
are equal but oppOSite currents 1 flowing in the 
two conductors. The currents are uniformly distri 
buted across their areas. Derive expressions for 
the magnetic field in the ranges: 

a. r<c. [B = ';01r/(2"'tc2)] 

b. c< r<b. [B = ..I(01/(21Tr)] 

c. 	b<r<a. rB ="'{01 (a2_ r2)~

l 2'1(a2• b2) r tl 


d. r>a. (B = 0) 
e. 	Assume a = 2 qrt, b = 1.8 'on, c = 0.4 on, and-1 = 100 A and plot 

B(r) over the range 0< r<.6on. 

20. 	 Use Ampere's law to find the magnitude and direction of the ~agnetic 
field 4 m from a long straight coaxial conductor if the inner conductor 

'carries 	a current of 4 A and the outer a current of 10 A in the opposite 
direction. (0.3 ~T, CW taking the 10 A current as into page) . 

21. 	 A magnetic field of 0.07T exists within a solenoid 50 on long and 
2 em in diameter. 
a. ~lculate the magnetic flux within the solenoid. (2.2 x 10·5T_m2) 
b. Calculate the 	number of turns of wire necessary if the current is 

5 A. (5570 turns) 

22. 	 A solenoid is 30 cm long and is wound with two layers of wire. The 
inner layer has 300 turns and the outer layer 250 turns. The current 
is 3A in the same direction in both layers. What is the magnitude of 
the magnetic field at a point near the center of the solenoid? 
(6.9mT) 

23. 	 A toroid having a square cross section, 5 em on edge, and an inner 
radius of 15 em has 500 turns and carries a current of 0.8 A. What is 
the magnitude of the magnetic field at 
a. the inner radius of the toroid? (533-1T) 
b. the outer radius of the toroid? (400~T) 

http:labeled.in
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Problems Unit VII - CALCULATING MAGNETIC FIELDS 

24. 	 The sketch at the right shows a cross section of 
an infinite conducting sheet with a current per ___.. "., ••••••__ _ 
unit length A emerging out of the page as shown. 
a. 	Divide the sheet into teensy weensy strips of 

width dx, each carrying a current ofAdx. Show that the magnitude 
of the magnetic field at any point above or below the sheet is 
given by 

B = Ja ..A{oA 
and its direction is to the left above. the sheet and to the right. 
below. 

b. 	Given that the maqnitude of the magnetic field is constant anywhere 
above or below the sheet, use Ampere's law to show that 

25. 	 Consider an infinite slab of conduct
ing material as shown at the right
carrying a uniform current per unit 
a rea r::r in the d i recti on showr.. 
a. 	What is the direction of th~ mag


netic field at points A",and B 

within the slab. (A: -it B: +~ 


b. 	 Use Ampere's law and symmetry 
arguments to show tha.t the mag
nitude of the magnetic field at point A is given by 

y 

I 
--~--~----~-------~~ 
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