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SECTION 1

INSTRUCTIONS TO CANDIDATES

Please read these instructions carefully, but do not open this question paper until you are
told that you may do so. This paper is Section 1 of 2.

A separate answer sheet is provided for this paper. Please check you have one. You also
require a soft pencil and an eraser.

Please complete the answer sheet with your candidate number, centre number, date of birth,
and name.

At the end of 60 minutes, your supervisor will collect this question paper and answer sheet
before giving out Section 2.

This paper contains two parts, A and B, and you should attempt both parts.

Part A Mathematics and Physics (20 questions)
Part B Advanced Mathematics and Advanced Physics (20 questions)

You are strongly advised to divide your time equally between the two parts: 30 minutes on
Part A and 30 minutes on Part B. The scores for Part A and Part B are reported separately.

This paper contains 40 multiple-choice questions. There are no penalties for incorrect
responses, only marks for correct answers, so you should attempt all 40 questions. Each
question is worth one mark.

For each question, choose the one option you consider correct and record your choice on the
separate answer sheet. If you make a mistake, erase thoroughly and try again.

You must complete the answer sheet within the time limit.

You can use the question paper for rough working, but no extra paper is allowed. Only your
responses on the answer sheet will be marked.

Dictionaries and calculators are NOT permitted.

Please wait to be told you may begin before turning this page.

This question paper consists of 35 printed pages and 5 blank pages.
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PART A Mathematics and Physics
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Which one of the following is a simplification of
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There is a constant current in a conducting wire. A charge of 20 C passes through the wire in
1.5 minutes.

An 18 cm straight section of this wire lies in a uniform magnetic field. This section of wire is
perpendicular to the direction of the field. The magnetic field strength is 0.15T.

What is the magnitude of the magnetic force on this section of wire?

@ 0.0060N <= Q/k =~ ¥ - l-‘—\ A
B 036N A0¢
C 060N
F-8\L

D 081N < oS« '\__.‘_‘*o.\$
E 36N 4 = 6
F 49N = 2=k x - \00°

= 3o X s°©
G 81N o 006
H 4900N
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3

Find the complete set of values of x that satisfy the inequality

%(5—.\’}—%(6—:{)—.\’ <0
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Two identical resistors are connected in parallel to a 6.0V battery. The two resistors dissipate a

total power of 0.15W.

One of these resistors is removed from the circuit and connect

ed to a 12V battery.

How much charge passes through this resistor in 6.0 minutes?

A L8
A 0.025C R = V:_"‘__: = E{.
B 0050C Lo
c 015C Pover = Y- = 3:\S
D 030C L
E 075C Ryow = 26 = 3= Bi
F 15C oS
@ s0c . Le0T-
H 18C x- - oS A

usd
O

oS 8 »wLOT
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Rob keeps a record of what he earns each day.

On Monday, he earned 50% less than he earned on Sunday.

On Tuesday, he earned 20% more than he earned on Monday.
On Wednesday, he earned 30% less than he eamed on Tuesday.

On Wednesday, he earned £84.

How much did Rob earn on Sunday? Quu = ¥
A £1512 Mon = 0S¥ <
D

B £3528 vecs \-‘i-:°

= O-6%
C £117.60
® =200 wWed = O w06L = O\
E £210 = ¥4
F £300 < = ou - S
G £1200 oL
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Ultrasound is used to find a crack inside a cuboid block of metal. An ultrasound probe is held in
contact with the top surface of the metal block and perpendicular to the surface. A short pulse

of ultrasound is sent into the metal block at time £ = 0 ms and reflects from both the crack and

the bottom surface of the metal block.
"? ultrasound probe

|~ metal block

—crack

The times between the emission of the ultrasound pulse and the return of the reflections to the
probe, and the strengths of the reflected pulses, are measured. The results are shown on the
graph.

strength of
reflected pulse

0 0.1 0.2 0.3
time/ms

The speed of ultrasound in the metal is 5000 ms™.

What is the distance between the bottom surface of the metal block and the crack?

® 0.2m Tavme P ARSN Creln a~d> oA O™
B 03m - A-O0 V2 _
- O_\-’___ = 0:-0\ang
C 04m e
D 05m Dtk on@ T 000 ,.../s ~ OO
E 06m = O~
—
F 10m —_
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7 Which one of the following is a simplification of

Cx AN\
(;61\(.1-'\\\ E~ 52 17c-12 x2+x—12’->

25x>-9

T P2-x-6
< S (_743(1:.\-\\
(x—4)x+2)
(=3 e 4) (s/zts\u:x-z\

(x=3)x+2)
(5x-3)x+3)

(x—4)(x+2) D e S A

Gx_3)x+4) v T v
(x—4)(x-3)
(5x—3)(x—6)
(x+2)
(5x+3)

A

B

o

= (a-u0exa)

m

(S - D)
(x+4)(x-6)
(5x+3)(x+2)

(x—3)(x+2)
(5x+3)(x+3)

n

@

8 Power Is supplied to an electric motor at 0.800 kW.
The motor has an efficiency of 60% and is switched on for half an hour.

How much energy is wasted during this time?

A 01000 Uwphr Pover 2 0.6 %08 = duBRMd
B 0240J
Cc 160J \U es\@d = o3I < WOV
D 240/
E 5764 2ORIO=EO
F864J = 9O < € 16600
©5TGOOOJ
H 8640004
8
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9 A rectangle PQRS has length (2x — 1)cm and width (x + 1)cm as shown on the diagram.
A larger rectangle is made by adding 3 cm to both the length and the width of PQRS, as shown.

The larger rectangle has an area of 360 cm>.

3cm

(x+1)cm

(2x —1)cm 3cm
[diagram not to scale]

What is the ratio of PQ to PS?

(e kB) =360

A 1:2
4:7 v N\CHA N = WO
C 5:8 ~T A4S —\6=0
e (a1 &) x - W) =0
E 10:17
Fo17:31 * 1% o N\l so X =\

PO. =\ PS=
- l_\"‘j
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10

The graph shows potential difference plotted against current for a filament lamp and a resistor.

potential difference /V %E
1 i
mamar
8 -
6 i
w’m
4 o
-
2 P
0 HAH iﬁ
0 0.1 0.2 0.3 0.4

current /A

The lamp and the resistor are connected in parallel with each other to a 6.0V power supply and
the current in the lamp, I, is recorded. T = eSS A

In a second circuit, the lamp and the resistor are now connected in series with each other to the
same power supply, and the current in the resistor is 0.18 A. The potential difference across the

lamp, V, is recorded. Veeas = \..\-\AV . N = ﬂ—u-“? \e 6\]

What are the values of I in the first circuit and V' in the second circuit?

P 0.35 16

I/A ViV
A 0.25 1.6
B 0.25 3.0
c 0.25 4.4

E 0.35 3.0

F 0.35 4.4

10
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11

PQRS is a trapezium as shown.

5

tan RSQ=—

8

What is the length of PS, in metres?

A

F

45

65

80

120

95 4043
3

40 + %

@ 25+ 403

H

64 + 4043

[y 1o
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12 A transverse wave on a string has a speed of 500ms™".

The horizontal distance between two points P and Q on the wave is 4.0m, as shown in the
diagram.

4.0m

At time 1= 0ms, point X on the string is at its maximum displacement of 6.0 mm above

equilibrium.
What is the displacement of point X at time 1 =7.0ms? >\ = ).M
———
A 6.0mm above equilibrium 4_ = X = ~SOW2

>
B between Omm and 6.0 mm above equilibrium

©0mm X = -i = VS

D between 0mm and 6.0 mm below equilibrium

-
-—,n‘)z-\—.\* \?M“

E 6.0mm below equilibrium

— .}_‘.\"‘*° we YN M@&

= Owme

12
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13 A solid cylinder has radius ¥cm and height hcm.
A cube has side length 3rcm.

The total surface area of the cylinder is equal to four times the total surface area of the cube.

Which of the following is an expression for i in terms of #?

*
A [%'221;' Acna = GATE
—gue
B (E—Qr a
-t Ac\ = AL
27r
c "
D (5—1}’ ’L\e“‘\"-"ﬁ‘z Ralls
\ T
E (E_ﬂr LAt e
\ 47 1\\\1«&_“\‘.
g losr
" IEPRY, S
1o -:L L )<
@ T 1j
108 1
o (a)
13
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14 A piece of metal of mass 50 g is at thermal equilibrium in a hot liquid at temperature T.
The metal is removed from the liquid and immediately placed in 100g of water that is at 20°C.

The water is stirred and reaches a final temperature of 26 °C.

material specific heat capacity { Jkg™ °C™"
hot liquid 2000

metal 350

water 4200

What is the temperature T of the hot liquid?

(Assume that heat transfers to or from the surroundings are negligible.)

A 38°C Heaor hte by Bode T \deo g\cra¥ oy ol
S 065 (3SACT- W = 6 A CuPis)
C 150°C
@170°c 0-68(11) = 1
E 480°C N -WT W = \HL\ e 1= \ﬁb.g
14
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16  The variables x and y are related by the equation:

2)° +1
1- 2_}13

Which of the following is a rearrangement to make y the subject?

AT af::s -~ = 2PN
R
B y= x-6 ‘o
7 yB8x-32
3
— 5 -1
C y=3
- Vx-6 3 3
x—3 Y ‘V~°\°‘§ AL = +\
R e I
©)r-i= Lxgt TV S %M
y=3
Sy 2x-12
‘x;—
x-6 D=3
Foy=3-"% U -\

15
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16

A bar magnet is placed at position X close to one end of a coil and on the axis of the coil as
shown.

The graph shows how the velocity of the magnet varies as it is then moved rapidly to position Y
and back to position X.

" . velocity away
position X position Y from coil

iy :
time

The magnetic field of the bar magnet still affects the coil'when the magnet is at position Y.

Which graph represents how the induced voltage in the coil changes as the magnet moves?

A induced B induced
voltage voltage M
0 | time 0 | time

C induced @ induced
voltage voltage

- 0
0 time ‘ '\I time

E induced F induced
voltage M voltage L/I
0‘ time 0‘ V time

16
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17  Three different numbers are chosen at random from wﬁ, \/5. v@, JZ, NE

What is the probability that the three numbers form the three sides of a right-angled triangle?

1 e v o
A IV, S 53 =6 comtrotae
B % j,f%,f\.\ - @
c i \ﬁ' f{a Irs ~ &
10 r L
5 1 Sy $3,90S
3
2 (Y o
© 5 Tove) pemL\ith Swusd*
2 2
F 3 A < '§-
4 O
€35

17
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18 A small slider of mass 30g is at rest near the bottom of a frictionless slope and in contact with a
light uncompressed spring as shown.

[diagram not to scale]

The spring is compressed by 5.0cm and the slider remains in contact with it.

The spring is released and causes the slider to rise up the slope to a maximum vertical height

of 20cm.

The slider is replaced with one of mass 20g.

The spring is now compressed by 15cm, and the new slider remains in contact with it.

To what maximum vertical height does this new slider rise after it is released?

(the spring obeys Hooke’'s law; assume that air resistance is negligible)

A 40cm
B 60cm
C 90cm
D 120cm
E 180cm

@ 270cm

cre T W »A

(EPR o *¥)

Eavasor Y oy 13 <

SR T oy +N
A
RU1 wmeoews | oy =)
3
/_\N" b‘j"""’_

an W~ =3 =20

18
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19

20

The point (-1, 5) is translated to the point (3, 2) by two successive translations.

3
The first translation is by the vector ( P
\—4p

The second translation is by the vector [ g J
—2q

5

What is the value of p + ¢ ?

-\ .rkf"‘b‘g 2 Bgrqs |

6 —ye-2q° T - \eid,

z D xu

Goe« )q_}‘%

AR S-p*

m:u—-l

th_

.gt~§.§

praz=-d

A tall, smooth cylinder contains air at atmospheric pressure of 1.00 x10°Pa. The density of the
air in the cylinder is 1.20kgm™.

A heavy piston is now placed in the top of the cylinder and allowed to fall slowly downwards,
compressing the air until the piston rests in equilibrium.

The mass of the piston is 50.0kg and its cross-sectional area is 0.0200 m?.

What is the density of the air in the cylinder when the piston rests in equilibrium?

(gravitational field strength = 10 Nkg™': assume that the air behaves as an ideal gas and that
the temperature remains constant)

A

B

F

0.960kgm™
1.20kgm™

1.25kgm™>

480kgm™

o0
= \*\& 4+ Q00
o-O%

= |\ 1 LS0D T \.ﬁx‘\&

€ V=T paNy

M NG LOTthcorde —? NAE
. P

T LT R pas
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PART B Advanced Mathematics and Advanced Physics

21
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21 Find the value of

2x°-3
[Fme
/
®L e =
3
-
B % 1’& A - w2
\ A~
c 23 o 1"".__.—-
3 “I‘_ -"L \
p 2
4 31 6\% WL\ \_.6__‘-.\.-6
=Rl sy
E — 3 S-" 1 "\
87 =2 -3 7 T
Fo >

22

150cm

The transverse waves that are creating the stationary wave travel at a speed of 300 ms™'

through the medium.

What is the frequency of the transverse waves? ~ = \so = gDLG\
—

A T75Hz LS
B 150Hz

- 0

C 200H J- - et

yal

oS
D 450Hz
EDsooHz
F  1200Hz

22
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23 The diagram shows a semicircle of radius 5 units and a triangle.

y

5_

(x.y)

The triangle has vertices at (0,0), (10,0) and (x, ).

(x,¥) is a point on the arc of the semicircle.

Which of the following is an expression in terms of x for the area of this triangle?

@ 5y10x -2

f z
C 5xv10x-x"-20 ~ -

B 5xvJ10-x
D 15x
E 25x
F  5x(10-x)

Deeo T '\‘»(.O\(\ax
C,‘._s\"- &‘\a'\s
gvs AS— e )

~
— Ox-

.. Ao T QY\-;”‘{

23
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24

A stone is thrown vertically upwards from the surface of the Earth and reaches a maximum
height h.

The same stone is thrown vertically upwards from the surface of the Moon, with the same initial
speed.

What is the maximum height reached by the stone thrown on the Moon?

(gravitational field strength on the Earth = 10 Nkg™"; gravitational field strength on the
Moon = 1.6 Nkg™": air resistance may be ignored)

@ [%]h RocA~ = 'L\.’f'"‘ = +°)E\"

10\2 e .?L .. V\ ziﬂe\‘
@ (q5)" we
¢ (53)

32 - - \o

2 Mom s e Mo e Bwda

D [%]h ’..34* S~
e (ga)r

1 2
F (ga)”
e ({5
H [?Tk

24
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25 Four mathematically similar solids, W, X, Y and Z, have the following properties:
¢ The ratio of the lengths of W to the lengths of X is 1:2
* The ratio of the surface area of X to the surface area of Y is 2: 1
* The ratio of the volume of Y to the volume of Zis 1:2

What is the order of the solids when arranged in increasing volume?

La~q¥ <o
A WYXZ m—

® wyzx N Vv

cC wWzvYXx
0 YWz “: 7V )

E YWZX Y= \_‘35
F YZWX

Cx = Sty WY 2w

25
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26 A ray of light is incident on a boundary between a vacuum and medium X at an angle & as
shown:

incident ray reflected ray
1
i
vacuum IR
i
medium X ' 2~ .
iod (\v.‘_“"‘e s AR~ 4

refracted ray

The incident ray is partially reflected and partially refracted. The angle between the reflected
and refracted rays is 90°.

What is the refractive index of medium X?

A sind
B ——
sin@
C cosé
D 1
cosd
E Jtan@
et
tan#

26
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27  Which one of the following expressions is equal fo

[2+x1"ﬁ]2
(1+5]
@‘E” ~sSo = 2+ LS
B J5 -1
2
¢ 6(5v5-1) ey O
31
n 3(5/5-1) Cra S5\
31
£ —22+1042+ 145 - 410 = ,\\.—.\"g_
2 & 5% \...rs
22 +10+2 + 115 — 410
] 4 = WG-%)
= L5\
-
27
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An electric train is travelling along a straight honizontal track. It passes a point Q on the track at
time r=0.

The distance x that it then travels away from Q is given by the equation:
x=at+ bt
where a and b are constants.
Which of the following statements is/are correct?
1 The speed of the train increases with time at a constant rate. \/
2 The resultant force acting on the train increases with time. &

3  The rate at which energy is transferred to the train increases with time.

&<
&\

A none of them

T Lok o~
B 1only
C 2only P -1z (orkor - ook fp_
D 3only &K

E 1and2only KKE = JS"..\@
@ 1 and 3 only

G 2and 3 only

H 1,2and3

28
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29

30

Evaluate
St
r=2 . 2?‘ 3?. 4?’ s

. '/_ ‘e

A E D sob T cm——8
M
\ ' \—-'3
B! S s L

C 13 \ — 2 8 3

12 \
D 157 l & A U ..; i < \—

120 $‘ = T \6 \ \ T
. c

6 3
. 28 B S - 4

12 R (N \u
A length of wire has resistance R.
Another length of wire is made from the same material. This wire is twice as long as the first
wire and has half the diameter.
Both wires have circular cross-sections.
The two wires are connected in parallel.
What is the total resistance of this combination?

=
A %R L n \%“\ < RES
%R .\\' Digeadear < L N

C 2R

D 3R

= A
E S8R %.:‘_—-—-z —Ra
F OR R

29
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31 What is the complete set of real values of x for which

&

xz(x2+4)<21

—V3<x<V3 M e -2\ 0

R (> + N0
x<—=+/3 or x>+3
x<—7 or x>7 (¢ AN -QLD

)

T <x<—3 or V3 <x<7 2 N ~ }\.w:.
x<—J7 or =3 <x<3 or x=47 \
- 3 x
-2

— S3o~ 2SR do7 <D

30
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32

An empty bucket has a mass of 1.20kg and an internal volume of 0.0150m>. The bucket is
used to lift water from a well.

The bucket is attached to a light, inextensible rope which winds onto a rotating cylinder of
radius 0.200m when a handle is turned.

handle

0.600m
Mowerd O

0.200m = 2SO+~ 06 T\EONW

% = oO-OVS*\O 0= O L
- WO

To lift a bucket completely full of water at constant speed, it is necessary to apply a force of
250N to the handle that acts along the tangent to the circle of radius 0.600 m, in which the
handle moves.

The energy required to lift the bucket is wasted energy.

What is the efficiency of the system in lifting water from the well?

(gravitational field strength = 10 Nkg™'; density of water = 1000 kg m™>)

0
A 2.00% Sp W
B 2.16% \S$

<‘ C >20_0%

D 216%

E 60.0%

31

New Section 4 Page 32



33

34

A sector of a circle has perimeter 24.

For what value of the radius does the sector have the maximum possible area?

A

B

c

342
246
3.6

o

E

F

G

12

18

36

Le &

VA

art = R

® =
A W

Avesr= LS

pRYERY
- ~e-<)
L
re= T C >

2P . \ Lz DT &

b

A uniform metre ruler has a mass of 100g and is 1.00m long.

‘) == \\e -\'L

A small object of mass 204 is fixed at the 0 cm mark, and another small object of mass 80qg is
fixed at the 100 cm mark.

The ruler is balanced on a pivot.

When the ruler is balanced, what distance is the piv’c‘u.t from the 0 cm mark?

A

15cm

20cm

25¢cm

F 75cm
G 80cm
H 85cm

1)
-

L

WO

Lo
N>

A
<P

At + 100 -8B) = gol\ e -x)

1O - SO = N~ W
L€ = V300
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35

The curve y= x?—x—6 intersects the x-axis at the points A and B, and has a minimum at the
point C.
The rectangle ABDE has two of its vertices at A and B.
The point C lies on the edge DE, between D and E.
What is the area of the rectangle ABDE?
A 6 \3 z L\_‘Sjo*‘)"\
L
B 625 2ve-\=02x 2z
MI~ —
S

Cc 30 e AN Q" - —

= - === A

@ 31.25 > “
E 35
TS E S PR YAY
F 3675 Ao~z S ™ < <
G 42 _)
H 4375
>
~

33
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36 A circuit comprising two resistors and two batteries, with negligible internal resistance, is set up
as shown in the diagram. The two junctions in the circuit are labelled X and Y.

1.0Q ooV
—— | O 2 =z 2.2
N (& : -
e T I iy
A 1
5D =t
300 @iq& z < and

What are the magnitude and direction of the current in the 3.0V battery? 6’3 = \ <L

magnitude of current | A direction of current
A 1.0 from XtoY
B 2.0 fromXtoY
c 2.25 fromXtoY
D 6.0 from X toY
E 1.0 from Y to X
(ED 20 from Y to X
G 2.25 from Y to X
H 6.0 from Y to X
34
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37

38

A straight line passes through the points (0, 2a) and (a, 0), where a is a positive constant.

What is the perpendicular distance of the point P (a, 2a) from this line?

? . 3:&-&«‘ Cootnes e~

A Qa 2

> > Lo."-"'\\
B J5

— e et o

©- S
5

5

a
2
JEa -

e WD rCeT S
Jga
V10
d

.
4 o 2 %T

D =2 § == s
5 _ V- 4

L"J“%--l* 3z < 9

3 2 9 ==

£ 5 Cet _ W >
o e W, |

A~ A ¥ —— = ngj_o;

0 W ]5 2

Two isolated spheres have masses m and 2m. They are moving towards each other along the
same straight line with speeds 4v and v respectively as shown:

@%4;, v%@

The spheres collide with each other and coalesce.

What is the loss of kinetic energy during the collision?

D itz 3m &)

A %va '“('“
~&

B %mv? g™ ohde o

%mvz = 1%

26 LY \)
D 5 m Kﬁ c L“pk\.ub\ b B ‘_.le;\(“ )
E Zm? b p Yo

9 T At ‘;_3;\ - =

79 , '\.:_ S - 3:— L \ 3
Fogm Wegyo - 5 G ¥

2 T ©S
G 9m - -3 = I’,
35
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40

Find the sum of the real solutions to the equation

¥ (v2)**+12=0

A 8 X g * e
B 16
. 2 (SO« = 3T
4442
c 2°
oz -L-;_s&\\u\-zb
D 2°2 -
e vz CSW0)
- -0) %
E 1|%log23 V“'—Q\l*\\zo - (~ ) v b\ [
S
@4+2log23 :‘:g ~YewarX N*= 8.3 <6
x = 7..\0) ‘Lb
A steel cable has mass 64 kg and cross-sectional area 2.0 x 107 m?®, ‘1..*1-\03\.‘

=3 I\Q‘,,C‘-"%\
=0 lr'\.\@’"\ A \\63\1'

The Young modulus of steel is 2.0 x 10" Pa.
When the cable lies on horizontal ground its length is 40m.
What is its extension when it is suspended freely from one end and hangs vertically?

(gravitational field strength = 10Nkg™"; assume that the cable obeys Hooke's law)

A Om E§ . B _X -
E_ 4 "'Z. < A [ A~
B 80x10"m - X 006""
) Y
6 -
C 80x10%m ~ | 23 W = i‘-_f___’:_/"‘o ";,.?,‘Jr
D 16x10°m ea A0 .,Q_,-,.‘\D“
E 32x10°m ~0O
- 6 o0 - n=
F 64x10°m —_— '
© 0"
32 %107
* m —az-lr\b—"\
H 64x10"*m e
END OF TEST
36
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UNIVERSITY OF
CAMBRIDGE

ENGINEERING D564/12
ADMISSIONS ASSESSMENT
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This question paper consists of 22 printed pages and 2 blank pages.

& Cambridge University Press & Assessment 2022 Pv4

New Section 4 Page 38



BLANK PAGE

New Section 4 Page 39



The diagram shows an object of mass 2.4kg on a smooth horizontal surface.

F

36N

A force F acts on the object at an acute angle & to the horizontal, where tanf = %

A force of 36 N acts on the object towards the right.

The ob'!ect IS in eguilibn’um,

What is the magnitude of the normal contact force exerted on the object by the surface?

(gravitational field strength = 10N kg")

A

24N

27N

48N

Fuoe® = 36
‘é_ - 3B =36
s®= S -
F—:‘DN

Na_z Fen® '\.r\—\(v\b\ ~
=~ 0(3g) +xn ~ 2
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The length of a spring when no force acts on it is L. The spring constant of the spring is
3.0 x10°Nm™.
——

The spring is on the floor of an accelerating lift (elevator), and the spring supports a 30Kkg
mass.

30kg

floor of lift

The lift is accelerating downwards at 2.0ms™=

What is the difference between L and the length of the spring when the lift is accelerating
downwards?

(gravitational field strength = 10N kg"; the spring obeys Hooke's law)

A Ocm MNohe: 209~ F‘«‘\""ﬁ"" oo
e L) 1oL = 1uO¥

B 20cm F‘P"“ﬁ =
@8_Ocm .
D 10cm Sy e CO—RranDe-
E 12cm LU= 30X - KF 0-Cw

New Section 4 Page 41



Electrical energy is transmitted at high voltage to a remote farm using an overhead power
cable. Each of the two wires in the cable has a resistance of 2.5 2. The step-down transformer
in the farm has a voltage ratio of 5.0. The transformer is ideal and 100% efficient. It supplies a
power of 40 kW to a resistive load at the farm at a voltage of 250V.

What is the rate at which electrical energy is transferred to thermal energy in the overhead
cable?

<ASO®S = \1SON
A 128KW V‘“S\

B 256kW V,T,=Va 1
@5_12kw R

D 32kW

-I-\ = Ll
E 64kW 3
F 128kw k\.* = 2SR = S Canes

Poexr &w?u\—o_)\ =1 e
=3 =S T SV,
————
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A wave is passing through a medium.

A particle of the medium has zero displacement from its equilibrium position at 0.12 s intervals,
. ——— m—
and at no other times.

The wavelength of the wave is greater than 10.0m.

- Pesod T O\

Two points are 5.0 m apart along the direction of travel of the wave.

The phase difference between the particles at the two points at the same instant is % radians.

What is the speed of the wave?

A 18ms™
B 36ms™
C 72ms”
D 625ms™
@ 125ms™"'
F 250ms™
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5

Three light springs, P, Q and R, are identical.

Springs P and Q are connected in series as shown. A downwards force T is applied to the

lower end.
Y.
b = = = %
\ = ~
wila *
|3
-

Spring R is cut into four eﬁual lengths_and the four pieces arranged symmetrically as shown.
The two connecting bars have negligible mass. A downwards force F is applied to the centre of

the lower bar.
e ula = 8w o, * LS
We un =8w Qw8
M =l

The total extensions of the two systems are equal. The springs obey Hooke’s law.
— ———

Which expression gives T in terms of F?

=%+ T Uy fws

A = \C\'W

£ = &

N s [T e 5|""|

c
D
E 2F
F 4F
G 8F
H 16F
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A nylon cube resting on a horizontal surface has a volume of 64 cm>.

A force Fis applied vertically downwards on the top face of the cube so that it compresses the
height by x.

The graph shows the variation of F with x_

FIN 150 1::[ s

100
1
50
T
o2
0 0.25 0.50 0.75 1.00 1.25
x/10%m

What is the Young modulus of the nylon?

(Assume that changes in horizontal cross-sectional area are negligible.)

\SOw O0:0\4
A 77 x10°Pa F-izi‘—?—= Eh-,.f - “
B 48x10°Pa I A - Ax 0 M ruaS W
C 96x10°Pa
D 12x10°Pa - 6 = 2,10 P

-0
15 x10°Pa -0 =10

E
@3.0x109pa

G 19x10"Pa
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Five lampposts alongside a straight road are positioned at uniform intervals of 60 m.

A motorbike travelling at a constant velocity passes the first lamppost at time 1 = 0s. It passes
the fifth lamppostat 1 = 20s.

A car travelling in the same direction as the motorbike is accelerating at 6.0 ms=. Attime t=0s
the car passes the first lamppost at a velocity of 3.0ms™".

At what time f does the car overtake the motorbike?

B 20s v W-\::b__ = als
C 25s
s = \ U
@ 3.0s .
E 35s Cor — 5= Sk * ‘5‘(5\(3"\8 Bverdx
F 40s

g LY 2T < Ay X S
G 50s 2\t Az O <. ¥ -\ O

oo o k=2
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An electrical appliance has an input power P which is a function of time t during the first
10 seconds after it is switched on.

This function is
P =3+ 4t

where Fis in watts and 7 is in seconds.
The appliance is switched on at time 1 = 0.
The appliance has a constant efficiency of 90%.

What is the energy wasted by the appliance during the period f=2.0stot=3.0s afteritis
switched on?

3
A 060J S L -G
Everyy = .
B 070J a A\
c 19J - SL$\1 FRNN
® 20 -\
= | 3 x
E 45J W 5
LA
Fo17J e L7 2\ - T
G 26J
E vestves z OV A 1'7'__—-—&1
H 41J

10
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A solid cylinder is made of transparent glass of refractive index i It is surrounded by air.

3

A ray of light travelling in air hits the cylinder at the centre of one circular face at a non-zero
angle @ to the normal, and refracts as it enters the cylinder.

The ray then strikes the curved surface of the cylinder at arbangle of incidence equal to the
critical angle.

What is the value of 82

>
g
|
‘L‘ 1

¢\,,-,,.$h~5 - -_— i

S
c sin‘1T > g RPN
* K5
2 Naesin\D
D 5in‘173 -1_. s';'\* - \ —
3 w
E sin 1 Sived T S:}-s-/. whot T 3

1
S~ —
© f}

11
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10

An object of mass 20kg is acted on by a force that varies in magnitude during the time interval
t=0stot=10s.

The force causes the object’s displacement x to change with time ¢ according to the
relationship

X=— -3+ 4

where x Is in metres and £ is in seconds.

What is the magnitude of the impulse on the object over this time interval?

A
B
c
D

E

2.8kgms™ V= ¥ _ -6
—— -

9.0kgms™’ >

55kgms™ Vogo

80kgms™

100kgms™

®1e3c1kg;ms-1 \1T\= |\ W -2-O\ < \Qowa /s

12

New Section 4 Page 49



11 Two small hard spheres of mass m and 2m are suspended side by side from light vertical
strings of length I. The more massive sphere is raised so that its string is horizontal, and then
released. It swings through 90° and strikes the smaller sphere. The two spheres stick together,
and rise to a maximum height h as shown in the diagram.

/
~)
v = S s\
[diagram not to scale]

Which expression gives the height / in terms of [? <'_° A
(Assume that air resistance is negligible.) I'f szt = 1 " ~

4]
A — S""’

27 N~ RE 3\
o 8 3

27

K 4 Bz Y
9
S BV & ¥\ -\

D — wWe Y

3 o A
e 8

9
F I
G 2

13
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12  Three resistance wires X, ¥ and Z, made from the same metal, are connected to each other
and to a circular plastic ring as shown.

\(,Y S , W
PG'M v X~
-2..

R~= k—

2 e ST A
[diagram not to sga€] Y \S \

Wires X and Y each have twice the diameter of wire 7. = 7_‘@_'-
Wire X is 12cm long. Wire Z is 15¢cm long and is connected across a diameter of the ring.
A power supply is connected to the two corners of the triangle that lie on the diameter.

What is the value of the ratio

currentin X R S (vora WW

currentinZ
gy 2
A g
<= =&
? -
B — b
20 S
c L
10 - 0
—
p 2 ~
T
E !
5
10
F -
-
ok
T
H 5
14
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13

A light rope has cross-sectional area 6.0 x 10-*m? and unstretched length 0.24 m.
The rope is fixed horizontally between two supports that are 0.24 m apart.

When a 1.0kg mass is suspended from the middle of the rope, the vertical displacement of the
middle of the rope from its original position is 0.050 m.

The rope obeys Hooke's law. Assume that changes in cross-sectional area are negligible.

What is the Young modulus of the material from which the rope is made?
°‘1\-‘ o\

0-o<)
A 52 =108Nm™> o\3

(gravitational field strength = 10N kg‘1)

B 8.0x10*Nm3
O Lh v~

C 10x10°Nm™ New e

D 13x10°Nm™ * = OL-0 LYy~ 00 L

2.0 x10°Nm™

E
@ 26 210°Nm=

G 52x10°Nm>

Tws®= S
A (ﬁ's\ =S

’. Tt‘i‘:;

€ = FL \TAOTW

— T

P~ €~ \S‘ AH0L
\3.0WM o WS
1= v ° — ‘7_-6%‘\8

fl

15
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14  The three graphs show the displacement, velocity and acceleration against time for an object
moving in a straight line.

The time axis is shown to the same scale on all three graphs.

p v= é::x_..
A
S o= ?:’:.
~
% v time ]
g RCTRUPERSE LA
Q o~ s
0
c/ Nme
F
AV
00 time

Which graph represents which guantity?

graph P graph Q graph R
A acceleration displacement velocity
B acceleration velocity displacement
(@ displacement acceleration velocity
D displacement velocity acceleration
E velocity acceleration displacement
F velocity displacement acceleration

16
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15

A system of light springs that does not obey Hooke’s law has an unstretched length of 2.0m.
The extension x of the system is related to the force F applied to it by
F=px*
where p is a constant.
A force of 2400 N increases the length of the system to 2.2 m.
How much work is done in increasing the length of the system from 3.0m to 4.0m?
N
A 12kJ o
w0 = ¢ LoD
B 60kJ WL
P~ 2wol® _ PN - 6000
C 70k — = “
A-O\
D 120kJ b X
~ - ;‘3
Yo
® 140k A = PRV~ T o W L‘\M& \
\Jo. =
F 740kJ \

= wOwd
—_—

17
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16 The diagram shows a circuit that includes two batteries, each with negligible internal

resistance.
18V
-1l
® [Jos

4.00
 +——t

8.0Q 20V

— |+__1|

I | I

What is the reading on the ammeter? E’;’!M GrekX CN.' -.\S\

Uw-)
A 0.0029A ————————
\g
B 0.0071A L
C 0063A L
D 0.083A .
@0_50A -—@——‘
<h
F 065A S
sV
G 12A - ‘-"“—v
= S/
H 2.0A \_“__
S
\ W
\$-°°’ -
2 kwmt —
Cv - LI/ 1y
\ %6 L~,:n.
\ \.
NS B
b — 04_-_’

18

New Section 4 Page 55



17

The upper diagram shows the equilibrium positions of nine equally spaced particles in a
medium.

The lower diagram shows the positions of the same nine particles when a longitudinal wave is
travelling through the medium. The wave is shown at time £ = 0, travelling to the right.

4 4 4 Py Py py & &

1 T * 1 * 1 b b

0 1 3 4 5 6 7 8
distance/cm

| - ol & | lg | le | - | Iy | s | -

| e el I [ e | T [ e [ e

0 2 3 4 5 6 7 8
distance/cm

A L 0K =
The frequency of the wave is 0.5 Hz. = - s - 0Ke4z -\L-\ anob
Which graph represents the displacements of the particles at a later time t = 0.557?

(On the graphs, positive displacement values represent particle displacements to the right.)

=3 |
8 00H 1 B 20 3 A 4150 SHH 6HEH 7H#] 8HH 8[1:;— 12 A 30400 5060 ?:::\iat:,:
= FHHH a 2 HHHH
s distance/cm S distance/cm
8 o102 SO 3 AT AT SH 6 /HH 8 001 B2 0 3T A SHH 6N 70 80T
o | ¥ oA
- SRIE e P
5 distance /cm 5 B distance/cm
Ll yerieriny 11 LLLli el
8 00 1 R A3 EA T SHH ey 78 & 0N 1 o2 o 3THAYEH SH6 pgassf:inaa
@ 1 | i o [ . 1 |
% 1111y " Im’ I % [T L1 %#’ . } { ﬁ
© FHH distance/cm © HH HH Jistance/cm
P -
G I H &
£ I £
§ Yo N 2 A SYEH 6 7 HH 8 § YA EEH 2 H0H 34 SRR 610 7REH 8H
| 1 1 | L]
Tﬂ} . I[ = E_l'-‘;'l 1L - : : H
5 distance/cm = H distance/cm
LIl Ll 11 el 1) 1T Lil 11111151y
19

New Section 4 Page 56



18 A power supply with constant emf and internal resistance r is connected to an external resistor.

The efficiency of the system is defined as 1"‘“—
Il w
officiency = power dissipated by external resistor - -_—
Y= rr

total power supplied by cell - 1’(“""\

Which graph shows how the efficiency varies with the resistance of the external resistor?

@ fici 1 B effici 1 A &>
efficiency B I b efficiency 11
eld-— |
0.5 0.5
. 0 r
00 r 0 ¥ .
resistance resistance
. i D . ’
efficiency 1 efficiency 1
0.5 0.5 ===-mmmmmm e
0 0
0 r . 0 ¥ .
resistance resistance
E efficiency 14 F efficiency 11
0.51 0.51
0 T 0 :
0 F . 0 ¥ .
resistance resistance
20
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19

A 10kg projectile is launched from ground level at an angle of 60° above the horizontal, with an
initial speed of 12ms™'. The horizontal component of its velocity is to the right.

At the point during its flight when the vertical component of its velocity is zero, the projectile
splits into two pieces, P and Q, each of mass 5kg.

Immediately after the projectile splits, piece P has velocity 14ms™" to the right.

What is the speed of piece Q immediately before it hits the ground?

{(Assume that air resistance is negligible, and that the ground is horizontal.)

2ms™
V31ms™
6~3ms™
47 ms™
243 ms™
413 ms™
419 ms™

24127 ms™

I ® T m(U»(‘J o >

= -\
\ Vi = Wwskd = 65
o A\
0O Vy= Vs ‘Ji D
CO“.‘
M

\DLQS = SO+ S (va)
SV = —\o-VazT 2Tt

-\

Nty Jor O v efRs” by (T

Gour s TS
~ Jomwos < WS

—

21
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20 The density o of a sphere varies from its centre to its surface according to the equation

s b
P=p |\1 %J

where x is the distance from its centre, R is its radius and 2 is the density at its centre.

What is the mass of the sphere?

(the surface area of a sphere of radius x is equal to 47&12)

3 O
21R’ p, >\. ~
A Noxs, = g ’o(,‘ - 1.%) LU &x
51R*p, o | W
6 Parsey Vi we o3

c 8Rpy { wdonlessie®
9
[ QWYL
D Rp,
-
E % Cuern Over o FINY vy
24
3
1971R’ p, S* - -
F — 7 = Y T &%
15 Lzpe > R Yo
¢ Rp 3 e -
; ~u=p \ 5T
a0 %3
H 21R%p, “% @_-%
=Uape 3 Qe ﬂ}
<= WOrpd
END OF TEST —
=
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