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Electric and Magnetic Fields tutorial

1 The six faces of a cubical box each measure 20.0 cm by 20.0 cm, and the faces are numbered

such that faces 1 and 6 are opposite to each other, as are faces 2 and 5, and faces 3 and 4.
The flux through each face is given in the table. Determine the net charge inside the cube.

face | flux/N m2cC™
1 -70.0
-300.0
-300.0
300.0
-400.0
-500.0

DO~ |WIN

2 Electric fields of varying magnitudes are directed either inward or outward at right angles on the
faces of a cube, as shown in Fig. 2.1.

15.0 N/C F
A

20.0 N/(.Il E

Fig. 2.1
Determine the strength and direction of the field on the face F.

3 A -6.00 nC point charge is located at the centre of a conducting spherical shell. The shell has
an inner radius of 2.00 m, an outer radius of 4.00 m, and a charge of 7.00 nC.
(a) Determine
(i) the electric field at r=1.00 m,
(ii) the electric field at r=3.00 m,
(iii) the electric field at r=5.00 m.
(b) Calculate the surface charge distribution, o, on the outside surface of the shell.

4 A hollow conducting spherical shell has an inner radius of 8.00 cm and an outer radius of
10.0 cm. The electric field at the inner surface of the shell has a magnitude of 80.0 N C~' and
points toward the centre of the sphere, and the electric field at the outer surface has a magnitude
of 80.0 N C~" and points away from the centre of the sphere. Determine the charge on the inner
surface and on the outer surface of the spherical shell.

5 Two parallel, infinite, non-conducting plates are 10.0 cm apart and have charge distributions of
1.00 C m=2 and —1.00 xC m2. Calculate the force on an electron
(a) in the space between the plates,
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(b) located outside the two plates near the surface of one of the two plates.

Two parallel, uniformly charged, infinitely long wires are 6.00 cm apart and carry opposite
charges with a linear charge density of 1.00 C m~'. Determine the magnitude and direction of
the electric field at a point midway between the two wires and 40.0 cm above the plane
containing them.

A thin, hollow, metal cylinder of radius R has a surface charge distribution o. A long, thin wire
with a linear charge density % runs through the centre of the cylinder. Determine an expression

for the electric field and determine the direction of the field at each of the following locations:
(@) r<R
(b) r>R

Two infinite sheets of charge are separated by 10.0 cm as shown in Fig. 9.1. Sheet 1 has a
surface charge distribution of o, =3.00 xC m™ and sheet 2 has a surface charge distribution of

o, =-5.00 uC m~. Determine the total electric field at

(a) P, 6.00 cm to the left of sheet 1,
(b) P, 6.00 cm to the right of sheet 1.

Sheet 1 Sheet 2
+ -
T<—10.0cm—>_

+ -
+ -
+ -
+ -
+ —
+ -
+ ' -
+ -
o<—06.00 cm—>I<—6.00 cm—>e =
Yo, =300puC/m? = oy = —5.00 pC/m?
+ s

Fig. 9.1

A non-conducting sphere has a uniform volume charge density p. Let r be the vector from the
centre of the sphere to a general point P within the sphere.

(a) Show that the electric field at P is given by ?’p_r (Note that the result is independent of the
€
radius of the sphere.)
(b) A spherical cavity is hollowed out of the sphere, as shown in Fig. 11.1.

ar

Fig. 11.1



=21hY
>

10

11

12

13

eunoia g praei Loy 9814 H3 Physics (2026)

Using superposition concepts, show that the electric field at all points within the cavity is

uniform and equal to ra , Where a is the position vector from the centre of the sphere to

&
the centre of the cavity. (Note that this result is independent of the radius of the sphere and
the radius of the cavity)

Suppose the charge density of a solid sphere in is given by p =ar?where «is a constant.
(a) Determine « in terms of the total charge Q on the sphere and its radius r, .
(b) Determine the electric field as a function of r inside the sphere.

State a similarity and two differences between the application of Gauss’s and Ampere’s laws.

The current I within a wire that has a circular cross section of radius R is known to be distributed
uniformly over that cross section.
(a) Determine the magnetic field as a function of the distance r from the wire's axis where
(i) r<R
(i) r>R
(b) Sketch the B — r graph.

A very long, cylindrical wire has an insulating core surrounded by a cylindrical conductor carrying
current I. The current is uniformly distributed in the conducting cylinder. The radius of the
insulating core is r1, and the outer radius of the conducting cylinder is r.. Determine expressions
for the magnetic flux density

(a) outside the conducting cylinder (r> r2),

(b) inside the conducting cylinder but outside the insulator (r1 < r < r»),

(c) and inside the insulator (r < r1).

Conductor carrying
current / out Insulator
of page (no current)
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Amperian loop

Show that a uniform magnetic field cannot drop abruptly to zero.

N

]
1

A toroid having a square cross section, 5.00 cm on a side, and an inner radius of 15.0 cm has
500 turns and carries a current of magnitude 0.800 A. Determine the magnitude of the magnetic
field inside the toroid at

(@) the inner radius and

(b) the outer radius of the toroid.

The current density in a cylindrical conductor of radius R varies as J(r) =% (in the region
from zero to R).

(a) Express the magnitude of the magnetic field, B, in the regions r< Rand r> R.

(b) Sketch the graph of B against r.

A current loop, carrying an amount of current of 5.0 A, is in the shape of a right triangle with
sides 30 cm, 40 cm, and 50 cm. The loop is in a uniform magnetic field of magnitude 80 mT
whose direction is parallel to the current in the 50 cm side of the loop. Calculate the magnitude
of the

(a) magnetic dipole moment of the loop,

(b) torque on the loop.



"‘IrB‘

18

19

20

21

22

23

24

eunoia g praei Loy 9814 H3 Physics (2026)

Calculate the magnitude of the force, due to an electric dipole of dipole moment 3.6 x 10-2° C m,
on an electron 25 nm from the centre of the dipole, along the dipole axis. Assume that this
distance is large relative to the dipole’s charge separation.

Figure below shows an electric quadrupole. It consists of two dipoles with dipole moments that

are equal in magnitude but opposite in direction. Determine the magnitude of E on the axis of
the quadrupole at a point P a distance z from its centre. Assume z >> d.

-~
-

0——004—'—

tq -9+

< —

—

- b 4

An electric dipole consists of charges 2e and —2e separated by 0.78 nm. It is in an electric field
of strength 3.4 x 108 N C'. Calculate the magnitude of the torque on the dipole when the dipole
moment is

(a) parallel to,

(b) perpendicular to, and

(c) antiparallel to the electric field.

Sketch the graph of

(@) ragainst 4

(b) U against 4

of an electric dipole placed in a uniform electric field, where r is the torque, U is the electric
potential energy and @is the angle between the dipole moment and the field.

Figure below shows the potential energy U of an electric dipole against the angle 8 between a
uniform electric field E of magnitude 20 N C~" and the dipole moment p .

100 —

0 (o]

U107 )

-100

Calculate is the magnitude of p .

Determine the frequency of oscillation of an electric dipole, of dipole moment p and moment of
inertia I, for small amplitudes of oscillation about its equilibrium position in a uniform electric field

—

E.

An electric dipole consists of an electron and a proton at a separation of 2.00 nm and itis in a
uniform field of magnitude 3.00 x 10° N C-". Calculate the amount of energy required to turn an
electric dipole from being lined up with the electric field to being lined up opposite the field.
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An infinite line of positive charge lies along the y axis, with charge density 1 =2.00C m™. A

dipole is placed with its center along the x axis at x=25.0 cm. The dipole consists of two charges
of magnitude 10.0 x4C separated by 2.00 cm. The axis of the dipole makes an angle of 35.0°
with the x axis, and the positive charge is further from the line of charge than the negative charge.
Calculate the net force exerted on the dipole.

A circular wire of radius 5.0 cm has a current of 3.0 A flowing in it. The wire is placed in a uniform
magnetic field of 5.0 mT.

(@) Determine the maximum torque on the wire.

(b) Determine the range of the magnetic potential energy of the wire.

An electromagnetic doorbell has 70 turns of wire around a long, thin rod, as shown. The rod has
mass 30.0 g, length 8.00 cm, and a cross-sectional area of 0.200 cm?. The rod is free to move
and is pivoted about an axis through its centre, which coincides with the centre of the coil. The
rod is initially at rest when 8= 25.0° with the horizontal. When 8= 0.00°, the rod strikes a bell. A
uniform magnetic field of 9.00 x 102 T is directed at an angle &= 0.00°. Given that a current of
2.00 A is in the coil, calculate

> 2.00-A current to coil
—
5 >
B —
>
>

Bell

(a) the torque on the rod when 6= 25.0°
(b) the angular velocity of the rod when it strikes the bell.

A 50-turn rectangular coil of wire with dimensions L = 10.0 cm by W=20.0 cm lies in a horizontal
plane, as shown in the figure. The axis of rotation of the coil is aligned north and south. It carries
a current i=1.00 A and is in a magnetic field pointing from west to east. A mass of 50.0 g hangs
from one side of the coil. Determine the strength the magnetic field in order to have to keep the
coil in the horizontal orientation.

In a highly simplified model of the atom, the hydrogen atom is assumed to consist of an electron
moving with speed v in a circular orbit with radius r around a stationary proton. The centripetal
force keeping the electron moving in a circle is the electric force between the proton and the
electron. The radius of the orbit of the electron is r=5.29 x 10" m.
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(a) Derive an expression relating the magnetic dipole moment, z, and the angular momentum

E in terms of the mass of an electron, m, and the elementary charge, e.
(b) Calculate the magnitude of the orbital magnetic moment of the hydrogen atom.

30 A magnetic dipole is in a uniform magnetic field.
(@) (i) Show that the magnetic dipole can oscillate as a torsional pendulum in simple harmonic
motion when displaced from its equilibrium orientation and released.
(ii) State and explain an assumption made in (i).
Given that the dipole is a compass needle (a light bar magnet) with a magnetic moment of
magnitude z and moment of inertia about its centre is I. It is mounted on a frictionless, vertical

axle and it is placed in a horizontal magnetic field of magnitude B.
(b) (i) Determine the frequency of oscillation of the compass needle.
(i) Explain how the compass needle can be conveniently used as an indicator of the
magnitude of the external magnetic field.
(iii) If the frequency is 0.680 Hz in the Earth’s local field, with a horizontal component of
39.2 uT, calculate the magnitude of a field parallel to the needle in which its frequency
of oscillation is 4.90 Hz.
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Answers:
~1.12x10° C todor® IR
1 16 3R ' 3r
-60 NC 0.30 Am?2,
2 17 0.024 Nm
54 NC™, 0,0.36 NC, 6.6x10"° N
3 4.97x10" Cm™ 18
8.90x 10" C 3qd2
4 19 27[5024
5 1.81x10™ N, 0 20 0, 85x10% Nm, 0
6.71x10° N C'1,
6 1.50 rad
-28
E_ A , 50x10° Cm
4re,r
E_ A+4r0R
7 4reyr 22
1.13 x 10° N C" to the 1 [pE
right F=o T
4.52 x 10° N C ' to the
right.
8 23
24 1.92x107%" J
5Q o _kQ 9.44x107 N
= 5 E=—5 T
10 Arr, fy 25
1.2x10“ N m,
26 24x10™* J
wl  pl 1.06x10* Nm),
12 27R? " 2xr 27 1.72rad s™
wl I (r =) 0.0245T
13 2xr’ 27zr(r22 —rf)’ 28
- e -
——
H 2m
29 9.25x10% A m?
5.33x10* T, 2.04 mT
15 4.00x10* T 30

9814 H3 Physics (2026)



aaaaaaaaaaa Rl e 9814 H3 Physics (2026)

£\ eunoia NANYANG

s> )

Electric and Magnetic Fields tutorial SOLUTIONS

1 The six faces of a cubical box each measure 20.0 cm by 20.0 cm, and the faces are numbered

such that faces 1 and 6 are opposite to each other, as are faces 2 and 5, and faces 3 and 4.
The flux through each face is given in the table. Determine the net charge inside the cube.

face flux / N m? C"
1 -70.0
2 -300.0
3 —300.0
4 300.0
5 -400.0
6 -500.0
Using Gauss’s law,
o, =2
)
q==>g,
=[(~70.0)+(~300.0) +(~300.0) + 300.0 + (~400.0) + (~500.0) |(8.85x 10**)

=-1.12x10% C

2 Electric fields of varying magnitudes are directed either inward or outward at right angles on
the faces of a cube, as shown in Fig. 2.1.

25.0 I\';’(JTB

5
- <
SL ! » -
F A0 D
A 2000 N/C

20.0 I\'f(.fl E

Fig. 2.1

Determine the strength and direction of the field on the face F.
Using Gauss’s law,
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o, =2
&y
=0 (- g=0 as the cube does not contain charge)
Ayt Ey Ayt Ey A+ Ey Ayt Ep A +Ep AL =0
(-E, +Eg+E,+E,+E. +E.)A=0 (where A is the area of each face of the cube)

E.=—(-E, +E, +E, +E, +E;)
=-[(-15.0+25.0+10.0 +20.0 + 20.0) |

=—60.0NC"’
Electric field strength on face Fis 60.0 N C, at right angles inwards.
3 A -6.00 nC point charge is located at the centre of a conducting spherical shell. The shell has

an inner radius of 2.00 m, an outer radius of 4.00 m, and a net charge of 7.00 nC.
(@) Determine

(i) the electric field at r=1.00 m,

(ii) the electric field at r=3.00 m,

(iii) the electric field at r=5.00 m.
(b) Calculate the surface charge distribution, o, on the outside surface of the shell.
(a) (i) By Gauss’s law,

- —}_ q
J.AE-dA——g0
2\ _ g
E(47rr )——80

E=—9_
4re,r

_ 6.00x10°
47(8.85x10)(1.00)°

=540NC’
Electric field is 54.0 N C radially inwards toward the centre of the spherical shell.

(ii) Electric field inside a conductor is zero.

(iii) By Gauss’s law,
[ E-aa=T
E(4nr?) =L

(axr) -2

E=—9_
4re,r

~ [7.00+(-6.00)]x10°
~ 47(8.85x10%)(5.00)°

=0.360 NC™’
(b) Charge on the outer surface, q.,
q, =(7.00-6.00)x10°°

=1.00x10° C
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" 4nr?

1.00x10°
47(4.00)°

=4.97x10™ Cm?

4 A hollow conducting spherical shell has an inner radius of 8.00 cm and an outer radius of
10.0 cm. The electric field at the inner surface of the shell has a magnitude of 80.0 N C and
points toward the centre of the sphere, and the electric field at the outer surface has a

magnitude of 80.0 N C' and points away from the centre of the sphere. Determine the charge
on the inner surface and on the outer surface of the spherical shell.
By Gauss’s law,

-

= ga-9
IAE-dA_SO

~E(4xr?) =gi
0

q =—4ne,r’E
= -47(8.85x1072)(8.00x 102} (80.0)
- -5.69x10"" C

The charge on the inner surface of the spherical shell is 5.69 x 10" C.

By Gauss’s law,

8.00
=8.90x10™"" C
The charge on the outer surface of the spherical shell is 8.90 x 10" C.

2
= (Mj (5.69 x1 0*”)

5 Two parallel, infinite, non-conducting plates are 10.0 cm apart and have charge distributions of
1.00 uC m2and —1.00 uC m=. Calculate the force on an electron
(a) in the space between the plates,

(b) located outside the two plates near the surface of one of the two plates.
O
E=—

&y
F=eE

(1 60 x 10*19)(1 .00 x10*6)

8.85x10 2
@ =1.81x10" N

(b) Electric field strength outside the two plates is zero everywhere. Hence the force is zero.
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6 Two parallel, uniformly charged, infinitely long wires are 6.00 cm apart and carry opposite
charges with a linear charge density of 1.00 uC m™. Determine the magnitude and direction of
the electric field at a point midway between the two wires and 40.0 cm above the plane
containing them.

Distance of point from wires, r,

2
2
2\2
:\/(—6'00;10 } +(40.0x10?Y

=40.1cm

By Gauss’s law,
[ E.ada-9

A gO
E(2rr) =2

€o

E= A
2reyr

B 1.00x10°
- 27(8.85x1077)(40.1x10°?)

=4.48x10* NC™'

=

E, =2Ecos6
j :2(4.48x104)cos1.50
=6.71x10° N C

tano =

7\

a|® N

N
—_

40.0)

6.00
0 =1.50 rad

7 A thin, hollow, metal cylinder of radius R has a surface charge distribution o. A long, thin wire
A

with a linear charge density 2 runs through the centre of the cylinder. Determine an
expression for the electric field and determine the direction of the field at each of the following
locations:

(@) r<R

(b) r=R

(a) By Gauss’s law,



S\ eunoia

NANYANG
JUNIOR COLLEGE aaay JUNIOR COLLEGE
> >
[ Eaa=2

&o

- 4re,r
(b) By Gauss’s law,
J' E.daa=9
A

€o

@/ o (27R)I

E(27r)l =

€o
_A+4noR
4re,r

E

Two infinite sheets of charge are separated by 10.0 cm as shown in Fig. 9.1. Sheet 1 has a
surface charge distribution of 0, =3.00 uCm™ and sheet 2 has a surface charge distribution of

0, =-5.00 uCm™ Determine the total electric field at
(@) P, 6.00 cm to the left of sheet 1,
(b) P, 6.00 cm to the right of sheet 1.

9814 H3 Physics (2026)

Sheet 1 Sheet 2
+ _
T<——10.0cm—>_

+ —
+ —
+ —
+ —
+ —
+ —
+ . -
+ —
o<—(.00 cm—»i4—6.00 cm—e -
Yo, =300uC/m? = o, = —5.00 pC/m>
+ —

Fig. 9.1
(a) Electric field due to sheet 1, E;, Electric field due to sheet 2, E,,
E-% E-%
2¢, 2¢,
E =21 E, =22
2¢, 2,
3 3.00x10°® 3 5.00x10°°
2(8.85x10‘12) 2(8.85x10‘12)
=1.69x10° NC™ =2.82x10° NC™'

Direction of field is away from sheet 1. Direction of field is towards sheet 2.

At P, electric field, E,
E, = (—1 .69+ 2.82) x10°

=1.13x10° NC™'

At P, electric field, E»,
E, = (1 .69 + 2.82) x10°

=4.52x10° NC
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Electric field is 1.13 x 10° N C to the right. Electric field is 4.52 x 10° N C™" to the right.

9 A non-conducting sphere has a uniform volume charge density p. Let r’be the vector from the
centre of the sphere to a general point P within the sphere.

pr

(a) Show that the electric field at P is given by 3g, (Note that the result is independent of the

radius of the sphere.)

(b) A spherical cavity is hollowed out of the sphere, as shown in Fig. 11.1.

Fig. 11.1

Using superposition concepts, show that the electric field at all points within the cavity is
pa a

uniform and equal to 3¢, ,where s the position vector from the centre of the sphere to
the centre of the cavity. (Note that this result is independent of the radius of the sphere
and the radius of the cavity)

q=pV IE-dAzi
) C
=p|—=nr
3 4 3
4 R
=—npr® E(4rnr?)=
S (4rr%) ="
g-Pr
352)
E-FPr (shown)
&

Let the position vector of a point, P, in cavity with respect to the centre of_t’he sphere be X

. From (a), electric field due to the non-conducting charged sphere at P, E,

E =PX
3¢,

Let the position vector of a point in cavily with respect to the centre of the cavity be )7 .
From (a),_electric field due to the cavity, E,

-

E, = _pY
3¢,
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H_gncg thgnet electric field at P,
E=E +E,
P - =
= —\ X -
3¢, ( y)

-
pa - -

~3s (ra=x- )7)(shown)

10 Suppose the charge density of a solid sphere in is given by P = ar’where «is a constant.

(a) Determine «a in terms of the total charge Q on the sphere and its radius /o
(b) Determine the electric field as a function of r inside the sphere.
dq = pdVv

=(ar?)(4xr?)dr
Q= 4oc7rjor° rdr
_ dor [r5:|ro

0

_danry
5
5Q
a =
(a) Arr®

q= 4a7rf(: ridr

dar 577

By Gauss’s law,

- _)_i
_[AE-dA_go
5
_[r|Q
E(4ﬂr )_(roj [Soj
_ke 3
E = f05 r
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Electric and Magnetic Fields tutorial SOLUTIONS

11

12

State a similarity and two differences between the application of Gauss’s and Ampere’s laws.

Similarity: Ampere’s law, like Gauss's law, is always a valid statement but their application is
limited to systems with a high degree of symmetry and is useful for finding the field around the
system.

Differences:

Gauss’s law Ampere’s law
Electric field Magnetic field
Applies to any closed surface Applies to any closed path
Relates the electric field on the surface to | Relates the magnetic field on the path to the
the net current cutting through interior of the
net electric charge inside the surface path
Component of the electric field | Component of the magnetic field parallel to
perpendicular to the surface (E.) the path (B,)
Used to determine electric field Used to determine magnetic field

The current I within a wire that has a circular cross section of radius R is known to be
distributed uniformly over that cross section.
(a) Determine the magnetic field as a function of the distance r from the wire's axis where

(i) r<R

(ii) r>R
(b) Sketch the B — r graph.
(@) ()

(2)

FPath of integration

/

Fath of integration

1 r o
JZ% ﬂB«ds=u0I
I A rY
, 2 ﬂo(Rj I
R 2rr
_ tol r
27R?
Lo
NB-ds = 1,
B(Zﬂr):,uOI
_ Ml
(i) 2rr
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13 A very long, cylindrical wire has an insulating core surrounded by a cylindrical conductor
carrying current I. The current is uniformly distributed in the conducting cylinder. The radius of
the insulating core is r;, and the outer radius of the conducting cylinder is r,. Determine
expressions for the magnetic flux density
(a) outside the conducting cylinder (r> r),

(b) inside the conducting cylinder but outside the insulator (r; < r < r.),
(c) and inside the insulator (r < r,).

Conductor carrying
current / out Insulator
of page (no current)

1
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Amperian loop

KB-ds = 1,1
B(27rr) =l
tol

(a) 2z
J =£ (where J is the current density)

I
J=
o =)
I'=JA'

- |:77.'(I'2 —rz)]
n(rf—rﬁ) k
r2 _r2

= r,2 _;12 I

By :Ameere’s law,
NB-ds = u,I
r2_r2
B(2zr) = u, [rzz _;12 Ij
B ,UoI(r2 _"12)
27rr(r22 —rf)

Checking, substitute r = r, into the above equation,
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#l(r=r)

r( )
ol

27rr2

which is the same as the expression derived in part (a) for r=r..

(c) ByAmperesIaw
NB ds = I

B(2zr)=0 (QI =0 as there is no enclosed current)

Checking, substitute r = r, into the equation derived in part (b),

B_ ,uo'[(r2 —ﬁz)
2rr(r,? - r7)
=0

14 Show that a uniform magnetic field cannot drop abruptly to zero.

N

;

S

Let h be the height of the loop. By Ampere’s law,

Né-d.g:,uof

Bh=0 (che loop does not enclose any current)

B=0

9814 H3 Physics (2026)

which is a contradiction as the magnetic field between the magnets is not zero. In actual
magnets “fringing” of the magnetic field lines always occurs, which means that approaches

zero in a gradual manner.

15 A toroid having a square cross section, 5.00 cm on a side, and an inner radius of 15.0 cm has
500 turns and carries a current of magnitude 0.800 A. Determine the magnitude of the

magnetic field inside the toroid at

(a) the inner radius and

(b) the outer radius of the toroid.

NB ds = I
B(27rr) = p,Ni
_ HNi

(a) - 2nr

At the inner radius, r,
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_ MoNi

2rr,

(47 x107)(500)(0.800)
~ 27(15.0x102)
=533x10* T

i

(b) At the outer radius, r.,
_ HoNi
2nr,

(47 x107)(500)(0.800)
~ 2r[(15.0+5.0)x 107 ]
=4.00x10* T

o

J,r
J(r)=-%
16 The current density in a cylindrical conductor of radius R varies as ( ) R (

from zero to R).
(a) Express the magnitude of the magnetic field, B, in the regions r< Rand r > R.
(b) Sketch the graph of B against r.

in the region

dI =JdA
I= j —— 27rr
= ZEJO .[ r’dr
R 0
B 27[J0r3
(a) 3R
Forlr< 5
NB-ds = 1!
2nd,r?
B(2rr)= 2
(2or) = o 2
B ,uOJOI'3
3R
B is proportional to r°.
Forr> R,
I 27TJOF3
3R
2nd,R?
=—2>— (Qr=R
2L (ar-R)
Loor
NB-ds = 1!
2
B(2nr)=yo[2”J°R J
3
B IUOJRz
3r
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B is inversely proportional to r.

(b)
B

uyJ R
3

.

R r

A current loop, carrying an amount of current of 5.0 A, is in the shape of a right triangle with
sides 30 cm, 40 cm, and 50 cm. The loop is in a uniform magnetic field of magnitude 80 mT
whose direction is parallel to the current in the 50 cm side of the loop. Calculate the magnitude
of the
(a) magnetic dipole moment of the loop,
(b) torque on the loop.

wu=NIA

=IA (QN=1)

=1Ibh
2

= %(5.0)(30 x102)(40x107?)

(@) =0.30Am>

7=puBsin®
=uB (Qsin6 =1)
=0.30(80x10°)
(b) =0.024 Nm
Calculate the magnitude of the force, due to an electric dipole of dipole moment 3.6 x 10

C m, on an electron 25 nm from the centre of the dipole, along the dipole axis. Assume that
this distance is large relative to the dipole’s charge separation.

__ P
2ng,d®
F=eE

__pe
2ng,d®

(3.6 ><10’29)(1 .60><10’19)
B 27(8.85x102)(25x10°°)’
~6.6x10"° N

Figure below shows an electric quadrupole. It consists of two dipoles with dipolle moments that

are equal in magnitude but opposite in direction. Determine the magnitude of E on the axis of
the quadrupole at a point P a distance z from its centre. Assume z >> d.
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 — >
—P +p
E +E, +E, +E,
~E,-E,-E,+E,
q 9 9 q

drsy(z+d) 4w 4neZ®  Amgy(z-d)’

q {(Zer)_2 —§+(z—d)_2}

4re,

B -2 -2
q_ @+9} —2+@—ﬂj:
4re,z z z

i 2 2
q 5 [1_§+3ci J—2+(1+@+3d2 J:|+
4ne,z” | z z z z

qg (6d°
4ne,2° \ Z°
3qd?
2ne,2"
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20 An electric dipole consists of charges 2e and —2e separated by 0.78 nm. It is in an electric field

of strength 3.4 x 10°® N C™'. Calculate the magnitude of the torque on the dipole when the
dipole moment is

(a)
(b)
(c)

(b)

parallel to,

perpendicular to, and
antipraralllel to the electric field.
r

T=pxE
=pEsinf
=(qL)Esin6
=2eLEsin6d
=0Nm (Q0=0)

pxE

PE sind

(qL)Esin6

=2eLEsin6

r
T

=2(160xﬂywﬂ078x104ﬂ34x1wﬁan%

=85x10% Nm
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I _pxE
=pEsinf
=(qL)Esin®
=2eLEsinf
(c) =ONm(Q9=7t)

Sketch the graph of

(@) ragainst 6

(b) U against 0

of an electric dipole placed in a uniform electric field, where 7 is the torque, U is the electric
potential energy and 6 is the angle between the dipole moment and the field.

Sine graph and negative cosine graph (until 0 = 7).

Figure below shows tpe potential energy U of an electric dipole againslt the angle 6 between a
uniform electric field E of magnitude 20 N C' and the dipole moment P .

100 —

0 6

U(10728 )

-100

1
Calculate is the magnitude of P .
From ?r?ph, when 6=0, U=-100 x 102 J,

U=-pE
=—pEcos6
U
 Ecos@
(-100x10°)
20cos0
=5.0x10* Cm

p:

Determine the frequency of oscillation of an electric dipole, of dipole moment P and moment of
inertig I, for small amplitudes of oscillation about its equilibrium position in a uniform electric
fieldE .
By Newton’s: secc?nd law for rotation,
r=1Ia
—(pEsin 9)g;= Iorc (Qorz is in the opposite direction of increasing 9)
(o]

PE S

orc =— (Q sin@ ~ 0 for small amplitudes of oscillation)

w? = PE
I

;1 [oE
2r \ I
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21

Sketch the graph of
(a) r against 6
(b) U against 6
of an electric dipole placed in a uniform electric field, where r is the torque, U is the electric
potential energy and 6 is the angle between the dipole moment and the field.
Sine graph and negative cosine graph (until 6 = ).

22 Figure below shows the potential energy U of an electric dipole against the angle 6 between a
1 1

23

24

uniform electric field E of magnitude 20 N C™* and the dipole moment P

100 —

0 6

U (10728 1)

—100

1
Calculate is the magnitude of P

From graph, when 6 =0, U =-100 x 1072 J,

U=-pE
=-pEcos6
B U
P = " Ecoso
(—100x107)
T 20cos0
=5.0x10* Cm
Determine the frequency of oscillation of an electric dipole, of dipole moment P and moment
of inelrtia I, for small amplitudes of oscillation about its equilibrium position in a uniform electric
field E .
By Newton’s second law for rotation,
1 =Ia
—(pE sine)q;oz Iog Qorz is in the opposite direction of increasing 9)
05 = —%(5 (Q sin@ =~ 0 for small amplitudes of oscillation)
02 =PE
I
1 |pE
AN

An electric dipole consists of an electron and a proton at a separation of 2.00 nm and itis in a
uniform field of magnitude 3.00 x 10° N C™'. Calculate the amount of energy required to turn an
electric dipole from being lined up with the electric field to being lined up opposite the field.

By work-energy theorem,
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E +W=E,
U +W=U,
—pE cos, + W = —pE cos6,
W = pE (cos6, —cosb,)
= qLE (cos6, —cosb,)
=(1.60x10"*)(2.00x10°)(3.00x 10°)(cos0 - cos )
=1.92x102" J

25 An infinite line of positive charge lies along the y axis, with charge density A=2.00uCm” A
dipole is placed with its center along the x axis at x = 25.0 cm. The dipole consists of two
charges of magnitude 10.0 uC separated by 2.00 cm. The axis of the dipole makes an angle of
35.0° with the x axis, and the positive charge is further from the line of charge than the
negative charge. Calculate the net force exerted on the dipole.

By Gauss’s law,

r r

ﬂEdA:i
&o

Al

E(2rr)l =22
(27r) ‘.
g-_*
2mg,r

Taking left as positive,

F:q(Ef_E+)
:ﬂLL—l} [where r =x —Ecose andr =x +£cos@j
2ng \ r . 2 2
(10.0><10’6)(2.00><1O’6) 1 1
- 2%(8.85><1O’12) (25.0—1.0000535.00)10’2 - (25.O+1.OOCos35.O°)1O’2

=9.44x10° N

26 A circular wire of radius 5.0 cm has a current of 3.0 A flowing in it. The wire is placed in a
uniform magnetic field of 5.0 mT.
(a) Determine the maximum torque on the wire.

(b)Determine the range of the magnetic potential energy of the wire.
rr !

7=uxB
7 =uBsing
=uB (Q sin6=1i.e. 6 =% for maximum rj
=(IA)B
=I(r*)B
=3.0(7)(5.0x107) (5.0x10°)
(@) =12x10" Nm
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U=-5-B
=—uBcoso
Upin =—1B (U is minimum when 6 = 0) U,ax = 1B (U is maximum when 6 =)
=-IAB =IAB
= -3.07(5.0x10%) (5.0x10?) =3.07(5.0x102)" (5.0x10%)
b)  =-1.2x10% —1.2x10* J

-1.2x10* J<U<1.2x10* J

AU=1.2-(-1.2)
—2.4x10* J

An electromagnetic doorbell has 70 turns of wire around a long, thin rod, as shown. The rod
has mass 30.0 g, length 8.00 cm, and a cross-sectional area of 0.200 cm?. The rod is free to
move and is pivoted about an axis through its centre, which coincides with the centre of the
coil. The rod is initially at rest when 6 = 25.0° with the horizontal. When 6 = 0.00°, the rod
strikes a bell. A uniform magnetic field of 9.00 x 1072 T is directed at an angle 6 = 0.00°. Given
that a current of 2.00 A is in the coil, calculate

P 2.00-A current to coil
}
. —
B —
> :

—

Bell

(a) the torque on the rod when 6 = 25.0°
(b)the angular velocity of the rod when it strikes the bell.
T=hxB
= uBsinf
= NIiABsin0
=70(2.00)(0.200x10*)(9.00x10*)sin25.0°

(a) =1.06x10* Nm

(b) By law of conservation of energy,
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E, =E,
U +K, =U, + K,
—uBcos0, = —uBcos0, +%Iw2 (QK, =0)

- 2[ uB(cos0, —cos0,)]

- =
I
2[ NiAB(cos#, —cosb,) ]
(2]
12

o \/24[NiAB(cosa, ~cos4,)]

2

mi

24[(70)(2.00)(0.200%10*)(9.00x 10°? ) (c0s0.00° ~ c0525.0°)
(30.0x10°)(8.00x107 )’

=1.72rad s

28 A 50-turn rectangular coil of wire with dimensions L = 10.0 cm by W = 20.0 cm lies in a
horizontal plane, as shown in the figure. The axis of rotation of the coil is aligned north and
south. It carries a current i = 1.00 A and is in a magnetic field pointing from west to east. A
mass of 50.0 g hangs from one side of the coil. Determine the strength the magnetic field in
order to have to keep the coil in the horizontal orientation.

N N
Axis of rotation L

Since the caoil is in equilibrium,
Tnet = 0

uB=mg (%j (Qsino =1)

NIAB = ngL

mgL

2

__Mmg

- 2NIW
(50.0x107)(9.81)

2(50)(1.00)(20.0x107)
=0.0245 T

NI(LW)B =
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29 In a highly simplified model of the atom, the hydrogen atom is assumed to consist of an
electron moving with speed v in a circular orbit with radius r around a stationary proton. The
centripetal force keeping the electron moving in a circle is the electric force between the proton
and the electron. The radius of the orbit of the electron is r=5.29 x 107" m.

1
(a) Derive an expression relating the magnetic dipole moment, K and the angular

1
momentum L in terms of the mass of an electron, m, and the elementary charge, e.
(b) Calculate the magnitude of the orbital magnetic moment of the hydrogen atom.
(a) Magnitude of the magnetic dipole moment, v,

w=IA
_©e( 2
—?(ﬂ'r)
__°© 2
_(2”)(7”)
0]
_er‘o
2
r erzar)
H=77
N
L=rxp
r r
L=mr’ew
;
n__ef
Hence 2m

(b) Electric force provides centripetal force, by Newton’s second law of motion,

F. =ma
F, =ma,
F. = mro®
e’ )
S =Mmro
4me,r

e2
0= ——->
4re ,mr
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_er’ e
2 \drg,mr®

e r

4 \ re,m

~(160x107)’ 5.29x10 "
- 4 7(8.85x102)(9.11x10°*)

=9.25x10* Am?

30 A magnetic dipole is in a uniform magnetic field.
(@) (i) Show that the magnetic dipole can oscillate as a torsional pendulum in simple
harmonic motion when displaced from its equilibrium orientation and released.
(if) State and explain an assumption made in (i).
Given that the dipole is a compass needle (a light bar magnet) with a magnetic moment of

magnitude H and moment of inertia about its centre is I. It is mounted on a frictionless,
vertical axle and it is placed in a horizontal magnetic field of magnitude B.
(b) (i) Determine the frequency of oscillation of the compass needle.

(if) Explain how the compass needle can be conveniently used as an indicator of the
magnitude of the external magnetic field.

(iii) If the frequency is 0.680 Hz in the Earth’s local field, with a horizontal component of
39.2 uT, calculate the magnitude of a field parallel to the needle in which its frequency
of oscillation is 4.90 Hz.

(@) (i) By Newton’s second law for rotation,
t=1Ia
-uBsing = Ia (Q direction of « is opposite the direction of increasing )

a= —%0 (Qsind ~ 6 for small angular displacements)

Since angular acceleration is proportional to the angular displacement measured from
the equilibrium position and angular acceleration is opposite to angular displacement
(or directed towards equilibrium position), the dipole is undergoing simple harmonic
motion.

(i) Angular displacement is small such that the small angle approximation
sin6 ~6 s valid.
az—EB
(b) (i) Comparing I with the defining equation of simple harmonic motion

a=-00
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w2 = MB
I
_ 1 B
2r \ I

From (i), foc B as p and I are constants, therefore the frequency of oscillation will
be higher in a stronger magnetic field. Period, T, can be determined by timing (t
t

(ii)

T=-_1
seconds) multiple (N) oscillations using a stopwatch [ Nj and frequency, f, can
Fol
be calculated easily using the equation T
foaB
f'_ |8
f B



