MAGNETIC FIELDS (A2-22 syllabus)

20 Magnetic fields
20.1 Concept of a magnetic field

Candidates should be able to

1 understand that a magnetic field is an example of a field of force produced either by moving charges or
by permanent magnets

2 represent a magnetic field by field lines

20.2 Force on a current-carrying conductor

Candidates should be able to

1 understand that a force might act on a current-carrying conductor placed in a magnetic field

2 recall and use the equation F = BIL sin &, with directions as interpreted by Fleming's left-hand rule

3 define magnetic flux density as the force acting per unit current per unit length on a wire placed at right-
angles to the magnetic field

20.3 Force on a moving charge

Candidates should be able to:

1 determine the direction of the force on a charge moving in a magnetic field
F recall and use F=BQv sin &
3 understand the origin of the Hall voltage and derive and use the expression V,, = BI/ (ntg]),

where t = thickness
understand the use of a Hall probe to measure magnetic flux density

describe the motion of a charged particle moving in a uniform magnetic field perpendicular to the
direction of motion of the particle

6 explain how electric and magnetic fields can be used in velocity selection

20.4 Magnetic fields due to currents
Candidates should be able o

1 sketch magnetic field patterns due to the currents in a long straight wire, a flat circular coil and a long
solenoid

understand that the magnetic field due to the current in a solenoid is increased by a ferrous core

3 explain the origin of the forces between current-carrying conductors and determine the direction of the
forces

20.5 Electromagnetic induction

Candidates should be able to

1 define magnetic flux as the product of the magnetic flux density and the cross-sectional area
perpendicular to the direction of the magnetic flux density

recall and use &b = BA
understand and use the concept of magnetic flux linkage
understand and explain experiments that demonstrate:
# that a changing magnetic flux can induce an e mf. in a circuit
s that the induced e.m.f. is in such a direction as to oppose the change producing it
* the factors affecting the magnitude of the induced e.m.f.
5 recall and use Faraday's and Lenz's laws of electromagnetic induction
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MAGNETIC FIELD

1 (a) Define the tesa.
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(b) A large horseshoe magnet produces a uniform magnetic field of flux density B between
its poles. Outside the region of the poles, the flux density is zero.

The magnet is placed on a top-pan balance and a stiff wire XY is situated between its
poles, as shown in Fig. 6.1.

Fig. 6.1

The wire XY is horizontal and normal to the magnetic field. The length of wire between
the poles is 4. 4cm.

A direct current of magnitude 2.6 A is passed through the wire in the direction from X
toY.
The reading on the top-pan balance increases by 2.3g.

(i) State and explain the polarity of the pole P of the magnet.
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(i) Calculate the flux density between the poles.

M- W
R1L 2w R0 = ™A
- I = Ci-'&mﬁ)fq%l)
IL (2-8) (Wl
flux density = Olq?T 13]

(c) The direct current in (b) is now replaced by a very low frequency sinusoidal current of
r.m.s. value 2.6 A.
Calculate the variation in the r eadlng of the tup-pan balance.

1 = Lo = 2.6 = 1, -3¢7A
me ﬁ_ > T

2 . 6A OMNOW  incyesfes {Qc_djrtg ba- :,33
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vanation N reading = ... o g [2]
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The current in a long, straight vertical wire is in the direction XY, as shown in Fig. 6.1.

X

Fig. 6.1

(a) On Fig. 6.1, sketch the pattern of the magnetic flux in the horizontal plane ABCD due to
the current-carrying wire. Draw at least four flux lines. [3]

(b) The current-carrying wire is within the Earth's magnetic field. As a result, the pattern drawn
in Fig. 6.1 is superposed with the horizontal component of the Earth’s magnetic field.

Fig. 6.2 shows a plan view of the plane ABCD with the current in the wire coming out of

the plane.
D C
A A A '
magnetic field < current out of
of Earth S =T _—plane ABCD
—— P |z
“,-H"
--...}..--ﬁ‘
A B
Fig.6.2

The horizontal component of the Earth’s magnetic field is also shown.




(i) On Fig. 6.2, mark with the letter P a point where the magnetic field due to the
current-carrying wire could be equal and opposite to that of the Earth. [1]

(i) For a long, straight wire carrying current I, the magnetic flux density B at distance r
from the centre of the wire is given by the expression

? 5
S = Hopg

where Uy is the permeability of free space.

The point P in (i) is found to be 1.9cm from the centre of the wire for a current of
1.7A.

Calculate a value for the horizontal component of the Earth's magnetic flux density.

B . g = J I
B S~
= Uwm xo (D

=) (+-aAx0Y

: -5
flux density = ik 5 2]

(c) The current in the wire in (b)(ii) is increased. The point P is now found to be 2.8cm from
the wire.

Determine the new current in the wire.

Bwa = gl‘..wm“l" = !!d I
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Two long straight vertical wires X and Y pass through a horizontal card, as shown in
Fig. 5.1.

wire X wireY

orizontal
card

Fig. 5.1
The current in each wire is in the upward direction.

The top view of the card, seen by looking vertically downwards at the card, is shown in
Fig. 5.2.

ard R |
.
wire Y
currenf out current out
of calfd of card

Fig. 5.2 (not to scale)




(a) A uniform magnetic field has constant flux density B. A straight wire of fixed length
carries a current I at an angle ¢ to the magnetic field, as shown in Fig. 6.1.

magnetic field
flux density B

~ current-carrying
wire

Fig. 6.1

(i) The current I in the wire is changed, keeping the angle # constant.
On Fig. 6.2, sketch a graph to show the variation with current I of the force F on the

o F-: BIL 2450
4 Fok 1

Fig. 6.2
[2]




(ii) The angle #between the wire and the magnetic field is now varied. The current [ is
kept constant.
On Fig, E,E, sketch a graph to show the variation with angde & of the force F on the
wire.
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Fig. 6.3 (3]

(b) A uniform magnetic field is directed at right-angles to the rectangular surface PQRS of a
slice of a conducting material, as shown in Fig. 6.4.

uniform magnetic field

FA S

Q R
"N
.......  ES, direction of
. . /7 movement i I/;q
- of electrons
W
%4
Fig. 6.4 i

Electrons, moving towards the side SR, enter the slice of conducting material. The
electrons enter the slice at right-angles to side SR.

(i) Explain why, initially, the electrons do not travel in straight lines across the slice
from side SR to side PQ.

(ii) Explain to which side, PS or QR, the electrons tend to move.
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Positive ions are travelling through a vacuum in a narrow beam. The ions enter a region of
uniform magnetic field of flux density B and are deflected in a semi-circular arc, as shown in
Fig. 5.1.

uniform magnetic

field
/

—
Hi

beam of
positive ions

Fig. 5.1

The ions, travelling with speed 1.40 x 10°ms~', are detected at a fixed detector when the
diameter of the arc in the magnetic field is 12.8cm.

(a) By reference to Fig. 5.1, state the direction of the magnetic field.

W\IQ'TB\D. ..... Pﬂﬁ?ﬂ@{?ﬁa‘g{*[ﬂ

(b) The ions have mass 20u and charge +1.6 x 107" C. Show that the magnetic flux density
is 0.454 T. Explain your working.

o - B
ROV Q0 = _“:ﬂf"_-

™MV _ (Qn m-ssmﬁﬂ) ("Lm 1105)
" S8 SRS

[3]
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(c) lons of mass 22u with the same charge and speed as those in (b) argalsafPresent in

the beam. ™V
Bz —py "W A S8
(i) On Fig. 5.1, sketch the path of these ions in the magnetic field of magnetic flux
density 0.454 T. [1]

(ii) In order to detect these ions at the fixed detector, the magnetic flux density is
changed.
Calculate this new magnetic flux density.

mj_\f é M*ul)tr
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magnetic flux density = .............locciiciieereeeeeeeee. T [2]




ELECTROMAGNETIC INDUCTION

1 A small rectangular coil ABCD contains 140 turns of wire. The sides AB and BC of the coil
are of lengths 4.5cm and 2.8 cm respectively, as shown in Fig. 6.1.

pole-piece
of magnet —— __

s

———— axis of rotation

Fig. 6.1

The coil is held between the poles of a large magnet so that the coil can rotate about an axis

through its centre.
The magnet produces a uniform magnetic field of flux density B between its poles.
When the current in the coil is 1770mA, the maximum torque produced in the coil is

2.1 x103Nm.

(a) For the coil in the position for maximum torque, state whether the plane of the coil is

parallel to, or normal to, the direction of the ma&neﬁc ﬁelth
s r

(b) For the coil in the position shown in Fig. 6.1, calculate the magnitude of the force on

(i) side AB of the coil,

™ - ) ()
o ixts? = (Fu)(28x157

©-075 N

17

Fﬁ!?p
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(ii) side BC of the coil.

Zexo lomse owyent W Pﬂ‘f‘-%ﬂ
i the Hdd Reat

T A N [1]

(c) Use your answer to (b)(i) to show that the magnetic flux density B between the poles of

the magnet is 70mT. 3 o
F- RBRINL S 4o

0075 = (R) Cl"mm?)( o) b S‘ma‘“)(jl)
R = B KI.EET

[2]
(d) (i) State Faraday’s law of electromagnetic induction.

CAJJI)EM{% Qﬂﬂﬁ@% Q:anmbamﬂ e o

(ii) The current in the coil in (a) is switched off and the coil is positioned as shown in
Fig. 6.1.
The coil is then turned through an angle of 90° in a time of 0.14s.
Calculate the average e.m.f. induced in the coil.

‘e""r*\..-F:a- M: = M

At At :
E = (o) (7 ox165) (WS X2.8 X1o )
H o-1Y

Mt = a9







