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5. Ametal conductor is placed across horizontal railway tracks and moved quickly in the direction
shown. This set up is designed to measure the vertical component (By) of the Earth's magnetic

field

(@

(b)

metal conductor

® &

railway
tracks
® ® magnetic field into page
() Explain why a current is detected by the ammeter. 2

(i) State why the current is independent of the horizontal component of the Earth's
magnetic field U]

Calculate a value for the vertical component of the Earth's magnetic field given that the
reading on the ammeter is 184 A,
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() State the direction of the current in the resistor and how you obtained this direction. ~[2]

(@ A student suggests that the opposing force due to the magnetic field on the moving
conductor is negligible compared with other resistive forces. Is the student correct?
Justify your answer with a calculation 14
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5. An experimentis carried out in a very strong uniform magnetic field in order to confirm Faraday’s

Law under extreme conditions. A coat hanger made of aluminium wire is bent from Shape 1 to
Shape 2 in a time of 16ms.

® ® gzt ® ® B=211

into page into page
_ 2
Area = 120cm Area = 610cm?
(16ms later)
Shape 1 Shape 2
(@ () Showthatamean emf of 6.4V is induced in the coat hanger. 2

(i) Show on the diagram of Shape 2 the direction of the induced current and state very|
briefly how you determined this direction 2]

(b)  The aluminium wire has a circular cross-section of diameter 3.0mm and the length of the
wire through which the current flows is 91cm. Show that the mean current in the wire is
approximately 1900A (resistivity of aluminium = 2.65 x 10-3Qm) €]
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lestyn claims that changing the shape of the coat hanger from Shape 1 to Shape 2 in
16ms in the magnetic field will increase its temperature by less than 1°C.

Determine, using appropriate calculations, whether or not lestyn is correct. (Density of
aluminium = 2700kgm-2, specific heat capacity of aluminium = 897 Jkg~' K-') 151

For medical research, it is decided to investigate the effect of this strong magnetic field
(217T) on patients with metal replacement joints to see if the metal joints become hot or
undergo large forces (during MRI scans). Discuss the ethics of such an experiment. (3]
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Question

Marking details

(a)

(i)

Change in flux linkage or cutting flux (1)
Complete circuit or implied (1)

(i)

These are in the plane of motion/the vertical component is
perpendicular to motion/these are not cut

(b)

BAN
Use of —— or V'=Blv (1)
t

Useof I = K(1)
R
Answer = 62 u[T] (1)

(c)

Current down in resistor [or up in conductor or anticlockwise]
(1)
[FIRHR or [F]LHR (for electrons) or RH grip rule (1)

(@

Other force compared e.g. friction/drag (1)

Magnetic force small / resistive force is much bigger (1)
Because current small / B small (1)

Good calculation e.g. P = R = 8.8 x 107 [W]

or F =BIL = 1.6 x 10° [N] ecf on B or calculated values of B
using 7 (1)
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Question

Marking details

(a)

Use of B4 = flux or Faraday's law A(BA)/t (1) [or by impl.]
2.1%(610-120)x10™*

seen (or similar) (1
0016 ( ) (1)

(i)

Anticlockwise (accept words if not in diagram) (1)

FRHR or Right hand screw rule or FLHR on electrons (1)
Alternative (for explanation)

Lenz's law: [direction of induced flux must oppose so out of
paper.]

(b)

Resistance = LIZ quoted or used (0.0034 Q) (1)
r

UseofI:K (1)
R

6.4x 77%0.0015%

————————[=1880 A] or equivalent seen (1
2.65><10’E><0.91[ Jored o

(c)

V=m’l used [= 6.43 x 10° m®] (1)

Mass = density x volume used [=0.0174 kg] (1)
Energy = IVt used (or equivalent 195J) (1)
Energy = mcAT used (1)

Answer = 12.5K so lestyn wrong(1)

(d)

Any 2 x (1) from

« Consent of patient discussed [e.g. volunteers] (1)

« possible injury to patient discussed [e.g. long-term effects]
(1)

« Appropriateness of experiment carried out on model / dead
body / animal instead discussed (1)

Conclusion
Argument is logical and leads to a conclusion (even if a mixed
conclusion) (1)





