- 4-
QUESTION 1 _ [Marks 8]

Two vectors are given by
a=2i-j
b=i+2j+k

{a) Calculate a+3b

(b) Calculate a.b

What do you deduce about the angle between a and b?

(c) Calculateaxb
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QUESTION 2 [Marks 10]

Two point charges, one of charge +q and the other of charge —2q, are situated on the x axis as
shown.
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(@) Derive an expression for vector components of the electric field intensity at P, in rectangular
co-ordinates;

(b)y Determine the direction of the electric field at P relative to the x axis;

{¢) Find an expression for the electric potential at point P.




- ANSWER QUESTION 2 ONLY

If there is not enough space here, continue answer on supplementary pages at the end of this booklet.

[ Tick this box if you use supplementary pages.
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QUESTION 3 [Marks 10]
For the circuit shown, showing all your reasoning and working, determine:
, . 2 uF

{a) the total equivalent capacitance of 'l

this combination of capacitors F
(b) the total charge drawn from the [ | [ ]

battery ' | i |

6 uF 3 uF
(c) the charge on the 3 pF capacitor
L

(d) the potential difference across the | 2 V'

3 pF capacitor




' ANSWER QUESTION 3 ONLY

If there is not enough space here, continue answer on supplementary pages at the end of this booklet.

- [0 Tick this box if you use supplementary pages.
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QUESTION 4 [Marks 12]

(a) State Kirchhoff's rules for direct current circuits.

12V - 2Q
(b) For the circuit shown, use Kirchhoff's 4 L 4 +
. ) [ +——
rules to write down three equations |
from which the currents iy, i3 and i3 A 100 (\>
could be determined, >—  E— i
DO NOT GO ON TO SOLVE THOSE i 13 S
EQUATIONS. Y G
I —
l (n3.]) | revapy Hu—
6 £

() Given the current}(has a value 1A, determine:
(i)  the potential difference across the 2Q resistor l
(i)  the value of the current iy

(d) s power supplied by, or delivered to the 12 V battery? Give your reasoning.
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’ ANSWER QUESTION 4 ONLY
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If there is not enough space here, continue answer on supplementary pages at the end of this booklet.

' Tick this box if you use supplementary pages.
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QUESTION 5 [Marks 10]

The diagram shows a plan view of a mass
spectrometer. In it ions of mass -m and
charge +q are accelerated to S; from rest
at 51 by a potential difference of V. They
emerge through a small hole at S and -
enter a uniform magnetic field, of magnetic

induction B, directed at right angles and

into the plane of the paper. In the field they

follow a semicircular path. until they strike

the detector D. Showing all your reasoning

and working, derive expressions for

(@) The kinetic energy gained by the ions from $; to 5
(b}  The velocity of the ions on entering S,

(c) The distance d from S; at which the ions strike the detector array.
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0 ANSWER QUESTION 5 ONLY
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If there is not enough space here, continue answer on supplementary pages at the end of this booklet.

(A Tick this box if you use supplementary pages.
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. QUESTION 6 [Marks 10] e

(a) State Faraday's Law of electromagnetic induction, defining all the symbols used.

(b)  The diagram shows a conducting
rod PQ making contact with
parallel metal rails PS and QR,
which are a distance d apart. Both
the rails and the rod have
negligible resistance.

The reii!s are connected at S=and R

by a resistor of resistance r. A
uniform magnetic induction B is

directed vertically down into the
plane of the paper. The rod moves
to the left at speed v, as shown in ® ® ®
the diagram. .

' i)  Showing all your reasoning and working, derive an expression for the magnitude of the
: current in the loop PQRS.

(i) What is the direction of this current? Justify your answer.
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s ANSWER QUESTION 6 ONLY

If there is not enough space here, continue answer on supplementary pages at the end of this booklet. .

(1 Tick this box if you use supplementary pages. -




