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H3 Electromagnetism & Electric Field

1 (a) Two long straight parallel wires are a distance 2a apart in a vacuum. One carries a
current /into the plane of the paper, and the other a current of the same magnitude but
out of the plane of the paper as shown in Fig. 1.1.

® O
a a

lIP

Fig. 1.1
P is a point equidistant from the two wires, a distance y form the line joining the wires.

()  Derive an expression for the magnitude B of the flux density at P, in terms of z,,
I, a, y and state the direction of this flux density.

[5]
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(ii) Sketch a graph to show how B depends on y. State the value of y where B a
maximum.

Bx/T ,

Y

[2]
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(b) The flux density due to a long, straight wire is given by the expression

B tol
27d

Figure 1.2 shows a long straight vertical wire WX, carrying a current of 9.0 A
downwards. A second long straight wire YZ is placed horizontally, and carries a current
of 12.0 A in the direction shown. ABCD is a horizontal, rectangular table-top: the wire
YZ is parallel to the side BC of this table, and the wire WX passes through a small hole
in the table. The perpendicular distance between the wires is 100 mm. P is the point
50 mm from YZ along the perpendicular between the wires.

W

Z
90A
C
\j P
':"r 100 mm
A B
12.0 A\Y
X
Fig. 1.2

(i) Calculate the magnitude and direction of the magnetic flux density at the point P.
(Relate the direction of the flux density to the sides AB and BC of the table-top,
as appropriate.)

magnetic flux densityatP = ... [6]
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(ii) The wire YZ is to remain fixed in position, but the orientation and position of the
wire WX can be changed. The currents in the two wires remain at the same
values as before, and the point P remains 50 mm away from YZ in the place
ABCD. How should WX be arranged so as to produce zero magnetic flux density
at P? (Again relate the required position of WX to the table-top ABCD.)
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2 A bubble chamber is a device for tracing the paths followed by charged particles. The particle
passes through a tank of liquid hydrogen, leaving a trail of tiny bubbles, which can be
photographed. A magnetic field is applied across the chamber, and the speed of the particle can
be determined from the radius of curvature of its track.

A X

2
e
ST

AN )

B

p—

N\

Fig. 2.1

(@) Fig 2.1 shows a track in a bubble chamber caused by a particle of mass m and charge of
magnitude q. The shape of this track is called a helix: it is like the coils of a spring. The
radius of the helix is r, and the distance between corresponding points on adjacent turns is
s. The axis of the helix is parallel to the Ox axis, and the uniform magnetic field, of flux
density B, is in the negative Ox direction. When viewed in the direction of the field, the
motion of the particle is clockwise.

(i) State and explain the sign of the charge of the particle.
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(ii) Determine, in terms of r and s, the angle 8 with the Ox axis at which the particle was
moving when it entered the magnetic field.

(ifi) Obtain an expression for the speed of v of the particle in terms of B, r, s and g/m.
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3 (a) Anisolated solid metal sphere of radius R is given a total charge +Q by repeatedly bringing
up to it small quantities 8qg of charge. The final charge is found to exist entirely on the
surface of the sphere.

(i) Explain why the charge on the sphere is entirely on its surface.

(ii) For points on the surface of, or outside, a sphere carrying a charge +q, the electric
field and potential are exactly the same as if the sphere were a point charge +q
situated at the centre of the sphere. Show that the electric potential energy E, of the
sphere when it carries the total charge +Q is given by

2
E--Y
8me,R
(hint: consider the electric PE between the existing charge q, and the additional small
charge dg, then sum up over all the charges added)

[4]
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(b) Another sphere of radius R is made by bringing together a very large number of tiny pieces
of insulating material. Each piece is positively charged. The charge density (the charge per
unit volume) of the material is such that the overall charge on the completed sphere is +Q.
Because the material is a perfect insulator, the sphere remains uniformely charged
throughout its volume. Show that the electric potential energy Es of the fully-assembled
sphere is given by

3@
5 207g,R’

(hint: similar to (b)(ii), but express q in terms of r because the electric PE varies with r, not
just with g this time; use integration by substitution)

(c) Suppose that the material used to assemble the sphere in (b) was not perfectly insulating,
so that in time all the charge migrated to the surface of the sphere.

(i) Find an expression for the loss of electric potential energy of the sphee as a result of
the migration of charge.

[1]
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(ii) Suggest what might have happened to this amount of energy.

Answer Key
1 (b)(i) B=6.0x10"° T;0=53.1°

Page 9 of 9



9814 (2026) H3 Physics
Electromagnetism & Electric Field - Tutorials

eunoia X E.J NANYANG

JUNIOR COLLEGE iy JUNIOR COLLEGE

=2
H3 Electromagnetism & Electric Field

(@) Two long straight parallel wires are a distance 2a apart in a vacuum. One carries a
current /into the plane of the paper, and the other a current of the same magnitude but

out of the plane of the paper as shown in Fig. 1.1.

@

1

®

a

P

Fig. 1.1
P is a point equidistant from the two wires, a distance y form the line joining the wires.

Derive an expression for the magnitude B of the flux density at P, in terms of 14,
I, a, y and state the direction of this flux density.

(i)

The vertical components are equal in magnitude and in
the same direction, thus reinforcing each other.

The resultant magnetic field is thus

B, - 2xBcos 6 — 2| — ! a [B1]
2r\Ja? +y? |\ Ja? +y?
B, -t [A1]
71'(82 + yz)
B, is acting vertically downwards. [B1]

Applying Pythagoras' Theorem, & ®
distance from each wire to P is ke a a f/
~N Ve

d=.a’+y? [B1] S P y o ad
magnetic flux density B due to each wire at P: \\@O _0 //

IUOI /JOI \\ //
B= = B1 P

2zd  2z\a% +y? b K

0'e

Since the horizontal components of the 2 magnetic fields
are equal and opposite in direction, they cancel each other. B B
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(ii) Sketch a graph to show how B depends on y. State the value of y where B a
maximum.

BaiT &

!

a

Y

[2]

To find maximum B, differentiate with respect to y
Hyla
z(a®+y?)
B,  2yu,la
dy 7Z'<32 +y2)2
dB;
dy
y=0

B, =

0

. I
Hence, maximum B occurs when y = 0,where B = #L.
7a
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(b) The flux density due to a long, straight wire is given by the expression

B — IUOI
27d

Figure 1.2 shows a long straight vertical wire WX, carrying a current of 9.0 A
downwards. A second long straight wire YZ is placed horizontally, and carries a current
of 12.0 A in the direction shown. ABCD is a horizontal, rectangular table-top: the wire
YZ is parallel to the side BC of this table, and the wire WX passes through a small hole
in the table. The perpendicular distance between the wires is 100 mm. P is the point
50 mm from YZ along the perpendicular between the wires.

W v
90A
C
L P
':‘r 100 mm
A B
12.0 A\\Y
X
Fig. 1.2

(i) Calculate the magnitude and direction of the magnetic flux density at the point P.
(Relate the direction of the flux density to the sides AB and BC of the table-top,

Magnetic flux density at P due to current in wire WX is:

7
B, - Y ><9_.30 —36x10° T

2zd 27 x50x10 [B1]
Using right hand grip rule, the direction is from C to B. [B1]

Magnetic flux density at P due to current in wire YZ is:
7
B, = tl _47x10 X12_go —4.8x10° T
2z7d  27x50%x10 [B1]
Using right hand grip rule, the direction vertically upwards. [B1]

Resultant magnetic flux density, B, = \/(3.6 x107° )2 +(4.8x107 )2

=6.0x10° T [B1]
Let & be the angle that B, makes with the plane ABCD.
-5
tang = 2819 _4 333
3.6x10
0 =tan™'(1.333)=53.1° [B1]

The direction of the magnetic flux density is 53.1° above the plane of the table,

and in tha vartinral nlana narallal th tha cida R naintina tawarde tha lina AR
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(ii) The wire YZ is to remain fixed in position, but the orientation and position of the
wire WX can be changed. The currents in the two wires remain at the same
values as before, and the point P remains 50 mm away from YZ in the place
ABCD. How should WX be arranged so as to produce zero magnetic flux density
at P? (Again relate the required position of WX to the table-top ABCD.)

In order to cancel the upward magnetic flux density of 4.8x10™ T due to the
current in wire YZ at point P, the current in wire WX must flow in the same

direction as YZ [B1] (and on the same plane as the table top ABCD), to the
left of P. [B1]

The perpendicular distance from wire WX to point P can be found from:
B _ /'[0[
2rd
-7
_ Mol 47 x10 ><9._8 (MA]
27B 27 x4.8x10
=0.0375m [A1]
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2 A bubble chamber is a device for tracing the paths followed by charged particles. The particle
passes through a tank of liquid hydrogen, leaving a trail of tiny bubbles, which can be
photographed. A magnetic field is applied across the chamber, and the speed of the particle can
be determined from the radius of curvature of its track.

X

S
=
S

B
p—

AN )

N\

Fig. 2.1

(@) Fig 2.1 shows a track in a bubble chamber caused by a particle of mass m and charge of
magnitude g. The shape of this track is called a helix: it is like the coils of a spring. The
radius of the helix is r, and the distance between corresponding points on adjacent turns is
s. The axis of the helix is parallel to the Ox axis, and the uniform magnetic field, of flux
density B, is in the negative Ox direction. When viewed in the direction of the field, the
motion of the particle is clockwise.

(i) State and explain the sign of the charge of the particle.

By applying Fleming’s Left Hand Rule, where the centripetal force provided by the
magnetic force points towards the axis Ox, the direction of the conventional current
is opposite to the velocity of the charged particle. [B1]

Hence, the particle has a negative charge. [B1]
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Determine, in terms of r and s, the angle 8 with the Ox axis at which the particle was
moving when it entered the magnetic field.

The velocity component that is perpendicular to the magnetic field produces the
circular motion. [B1]

V, =reo
vsinezﬂ
-
T2 eqn 1 [B1]
vsing

The velocity component that is parallel to the magnetic field pulls the particle
forward by s every cycle. [B1]

s=(vecosO)T ——————- egn 2 [B1]
Sub eqn 1 into eqn 2:

2zr  2mrcosé

S=vcosf————= -
vsind sinéd

[B1]

Rearranging, we get:

tanezﬂ

S
2rxr

f=tan™ (—j [A1]
s

Obtain an expression for the speed of v of the particle in terms of B, r, s and g/m.

Centripetal force is provided by magnetic force. By Newton’s Second Law,

F,=F,
2
Bqv, = m:l [B1]
m(vsin@)’
Bq(vsine)zﬁ
p
Bgr
zms(iyné’ _______ eqn 3 [B1]
Since tanezﬂ,
s
sin@:z—ﬂg
(27r)" +s°
sing———2"1________ eqn 4 [B1]

Nar?r? + 82
Bqr \4r°r* +s*

m 2xr
Bq\4n°r? +s?

- 2mr [B1]

Sub eqn 4 into eqn 3:

V =
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3 (a) Anisolated solid metal sphere of radius R is given a total charge +Q by repeatedly bringing
up to it small quantities 6q of charge. The final charge is found to exist entirely on the
surface of the sphere.

(i) Explain why the charge on the sphere is entirely on its surface.

The like charges will repel one another until they are furthest from one another [B1]

in order to achieve the lowest possible energy state [B1].

Hence, the charges only reside on the surface of the sphere.

(ii) For points on the surface of, or outside, a sphere carrying a charge +q, the electric
field and potential are exactly the same as if the sphere were a point charge +q
situated at the centre of the sphere. Show that the electric potential energy E, of the
sphere when it carries the total charge +Q is given by

2
-2
8re,R

(hint: consider the electric PE between the existing charge g, and the additional small
charge dg, then sum up over all the charges added)

When a small charge 3q is deposited on the surface of the sphere of radius R with

an initial charge q, the EPE of the sphere is = dE, = 2 9 B dg [B1]
e,

When the total charge on the surface of the sphere builds up to Q, the total EPE
stored by the sphere is

Q
E e q 1 Q 1 q° Q°
P J.o P J.O 47z,R aq 4re,R IO aadq 472'30R|: 2 87gyR [B83]

[4]
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(b) Another sphere of radius R is made by bringing together a very large number of tiny pieces

of insulating material. Each piece is positively charged. The charge density (the charge per
unit volume) of the material is such that the overall charge on the completed sphere is +Q.
Because the material is a perfect insulator, the sphere remains uniformely charged
throughout its volume. Show that the electric potential energy Es of the fully-assembled
sphere is given by

3@
5 207g,R’

(hint: similar to (b)(ii), but express q in terms of r because the electric PE varies with r, not
just with g this time; use integration by substitution)

When a small charge d8q is deposited on the surface of the sphere of radius r with an
q

initial charge q, the change in EPE of the sphere is = §E,, = oq [B1]
4reyr
Assuming that the sphere has a uniform charge density p,
4
q=p—r’ [B1]

3
Therefore, 5q = p%(i%rz 5r) =4rpr?sr  [B1]

pertor . [B1]

1 1 4 4
Hence, 6E, = oq = ¥ (4nor? sr)=—
P G 00 Dy (p 3 j( wor or) 32,

When finally the total charge on the solid insulating sphere is Q, its EPE is =

2

(B o (RAT L4, 4r R 4z | Q s 3Q°
Es=| dEP_jOTOpr dr = 5 - R

155, | 47 g  207,R
3

(shown)

Suppose that the material used to assemble the sphere in (b) was not perfectly insulating,
so that in time all the charge migrated to the surface of the sphere.

(i) Find an expression for the loss of electric potential energy of the sphee as a result of
the migration of charge.

Loss in electric potential energy =E, — E;
3@ @
20ze,R 8mgyR

(3 1N Q@
_[%_g]ﬂ'&‘oR
1 Q@
_Em&‘oR

(B1]

[1]
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(ii) Suggest what might have happened to this amount of energy.

When the charges move towards the surface of the sphere, this flow of charge is

equivalent to an electric current. This current produces joule heating (P =/°R) or

ohmic losses, and the heat energy produced is eventually lost to the surroundings.
[B1]

Answer Key
1 (b)(i) B=6.0x10"° T;0=53.1°
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