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| UNIVERSITY OF
CAMBRIDGE

ENGINEERING D564/31
ADMISSIONS ASSESSMENT

November 2020 60 minutes
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)
PartB 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
guestion 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 34 printed pages and 2 blank pages.
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PART A Mathematics and Physics
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A soldering iron has a copper tip of mass 2.0g.

The tip is heated with 30 W of thermal power. In 505, the temperature of the tip increases by
200°C.

How much energy is transferred from the tip to the surroundings in this time?

(specific heat capacity of copper = 400 Jkg™'°C™)

A 160 Tharmen Pover Wz 30V
o Erarsy = 300+ 504 \s0D
(: 13404
2200
D 1500J Emt e 2 0.00L %
~3
E 1660J - %m "V b
F 18404 w3
G 25004

LS00 —1d '3

The admission charge to a cinema is different for adults and children.
Admission for 2 adults and 3 children costs £20.
Admission for 4 adults and 4 children costs £34.

What does admission cost for 6 adults and 2 children?

A £27 ’7_&:-33 2 O
B £29 VY
oL LA~ Fla ®
C £33 ‘ wo
& =
@£39 e D
E £44 7—326"'"32;
F 48 denrdzDxz €S
G £72

60S .S\ 41 = R r 623
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3

-
2

Uranium-238 ( EEU) decays by a series of alpha and beta (p~) emissions to become the stable
isotope lead-206 (%Pb).

How many beta () particles are emitted in the decay of one uranium-238 nucleus to
lead-2067

® o AL R =30

B 8 3 =@ ok :s

c 10 —

b 1 Afvr Rxof, Leraw = AL )
E 14 = a6z K
F 16

QL-766 » Wart okt e 6 ¢ e
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4 A fair spinner has eight equal sections.

Each section has one number written on it, as shown.

The spinner is spun twice, and the two numbers scored are added.

What is the probability that the sum of the two numbers is 57 2 ! b oR, 2, 3

1
®: . Ll
B 2 = '—')_x\§ Yoo
8
- A
1 ~ —_—
Cc E B 1
D 2
16
e 28
64
)
64
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5 A dc electricity transmission system uses an undersea cable to send electricity from one
country to another. On a particular day, the first country supplies electricity at a voltage of
400kV and 2000 A to the transmission system. The second country receives electricity from the
transmission system at 160 kY and 4000 A.

What is the percentage efficiency of the system and how much energy is wasted every minute?

efficiency % energy Evaste:d
every minute /J
A 20 9.6 x10°
B 20 3.84 x10"
c 20 4.8 x10"
® 30 9.6 x 10°
E 80 3.84 x10"
F 80 48x10"

6 Consider the four lines with the following equations.

Q@ 2x+6y=3 -osz--\é%'\'\'\,
..\

—

2 9y=31-4 <y = 3.-‘1.- o

@ 2y=6x+3 *"3’-3“*"’-

L
Eficemin = 1606 = L0802~
00 < 2002

= R0/

Power vocVed = SOOOWNA —
< LOO VA
= 10 OBd =\J

16060~ % €O
= '\-6*‘\0“ 3//

+6Y_0= i a
4 4x+6y-9=0 -9z - ‘*.4\- I{

Which two lines are perpendicular?

A 1and2
(B) 1and3
C 1and4
D 2and3
E 2and4
F 3and4
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Two fixed horizontal metal rails are side by side and 12 cm apart. The rails are connected to a
dc power supply by a switch that is initially open.

A freely moveable metal rod of length 20 cm is placed on the rails as shown in the diagram.
The diagram shows the arrangement seen from above.

The angle between the rod and the rails is 90°. “ e AD

F=eg\Wws~eO N\

moveablerod = 0-S 24 x O \1x)
|
\o = \-wrOVL
+ 12cm  [20cm
-9 = O \WUN
[ —— O N\ix10
fixed rails o= —F: = %‘ = oy

The whole arrangement is placed in a uniform magnetic field of magnitude 0.50T that is
directed perpendicularly into the page. -
perp y pag = 3.6ws X

The moveable rod has a weight of 0. 40N.

The switch is now closed. As a result, there is a current of 2.4 A in the circuit and the rod
moves.

-t N\
What is the initial magnitude of the acceleration of the rod and what is its direction? \—\l.«:“\ S

(gravitational field strength = 10 Nkg™) \’“ RA&
acceleration /ms™ direction
A 0.36 to the left
B 0.36 to the right
c 0.60 to the left
D 0.60 to the right
E 36 to the left
F 36 to the right
G 6.0 to the left
H 6.0 to the right
8
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Find the sum of the solutions of

- -2 ra ~
2:§+3| —:§+3|—36:D

.

A 2 Lak V= y:a’«g
3
5 3 2w —v-36=0
c 3 23 v -aw-3620
b 4 (A kv 20
~13 Q

© N=-WQ ok v
@ —22 3

G -26 '2:'\2-7 o% % 2Tw
H -34 < -1 or X8

-2 B+ V-

Two trolleys are moving towards each other along a straight horizontal track.
One trolley has mass 8.0kg and is travelling to the right at 4 0ms !
The other trolley has mass 2.0kg and is travelling to the left at 1.0ms .
When the trolleys collide they stick together.

How much Kkinetic energy is transferred to other forms of energy in the collision?

A 20J CoMr
L N—
B 18J - < \O(N\
D 20 S v
D 28J Vizﬂ-‘
E 35J : N .
F 404 dRez '\3_(5\()1“\ \'\'L(.ﬁ(.\q 8 ) (.2)
G 45J
Y- LS =)
H 65J = 6\
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10  When the expression
(2x + 3 - (x = 3)?

is written in the form p(x + qu + 1, where p, g and r are constants, what is the value of ¥?

® - ST, SRR P g L
B -9

c o = 3 ¥\ ¥

D 3 = I &6‘:)

E 15

=3[ Geed¥ -‘ﬁ
= 3¢k " -

10
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11 A car of mass 800kg travels in a straight line along a horizontal road.

The car accelerates non-uniformly from rest for 5.0 seconds and then moves at constant
speed, as shown in the distance—time graph:

distance/m 40—

time/s

What is the average resultant force acting on the car over the time for which it is accelerating?

A 320N Consver/ic Q?‘-‘LZ \-\0-\: z 6o

B 480N -

C 640N o owtaderoliotT 6_.'2 2\
@ 960N

E 1600N Fws z Mm%z WO =\

F  3200N - A0N

G 4800N —_—

11
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13

The number of pairs of winter boots sold on a day is inversely proportional to the cube of the
outside temperature on that day, measured in °C.

On a day when the outside temperature is 8°C, 250 pairs of boots are sold.

The next day, when the outside temperature is x °C, the number of pairs of boots sold is 700%
more than on the previous day.

What is the value of x? N o ..‘—-i . O '_‘"2
=
A 2

B - g0z B, ¥ EO0
X

8
7 N e\ &‘31 91‘\50
D 87 3

Q

- a3 L2 =6

Qw;«cf\.%x]f’@,,ﬁ 3~ .
T.'ZH

—

E 16

P and Q are two fixed points on the surface of the ocean which are 6.0m apart.
An ocean wave travels in the direction P to Q.

The wave has a frequency of 0.50Hz and travels at a constant speed.

A wave peak passes Q at time r=0s.

The next wave peak travelling towards Q passes P at time 1 = 0.80s.

What is the speed of the wave?

L]

A 21ms™ 3

R e

@5.Oms"1 F"‘V—“":&" 0 -SW\v
D 75ms” \asfAan  pRens

= 0 + o
V< 888 ) =20 v

0-&vz 3N S

12
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15

In a sale, all prices are reduced by 25%.

A customer calculates the pre-sale price of a bicycle incorrectly by increasing the marked sale
price by 25%.

The customer’s calculated pre-sale price is incorrect by £15.

What is the correct pre-sale price of the bicycle?

A £180 Mocwad sl pra= R
B £195 X __ _ \aSxz \S§
c £210 618
we _ St < \§
D £225 3 Q
®£240 X \§ - \S =L =180
>
e = \80, = w0
Pe-soha oAt <

A parachutist of mass 80.0 kg drops from a plane travelling at 40.0ms™", 2000 m above the
Earth’s surface.

The parachutist hits the ground at a speed of 5.00ms™.
How much work is done by the parachutist against drag forces during the fall?

(Take the Earth’s gravitational field strength to be 10.0Nkg™.)

=\ «v
A 1535000/ bxe = 3:‘..(SO\(,\,,\G‘-'\ LQO\ \

B 1624000J

— ‘\___g’b

C 1649000/ = uo(uS X
C‘Di ) 1663000 1'..0("‘5“\

E 1726000/

- \1SO=\U T 63000 3

ORPE e wmn T %-&\O'ﬁw
= 6o DT

1€ 00ODO FE30XO

13
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16

11 61°
P x S R

[diagram not to scale]

In the diagram, QS is perpendicular to PR. QS = ; o -~
PS=xcm r_-——-

_ . +*
PQ=ycm Q.*S\‘C ‘61' -

QR=:zcm ——
%
angle QRS =61°
_ o A
PSR is a straight line. 2z —_—
<~Q\

Which one of the following is an expression for the length z, in cm?

A

:

y2 +x° sin61°
B y? —x° sin61°

y2 +x% cos61°

kD

y2 —x” cos61°

y2 +Xx
sinG1°

2 2

y —-X

O “w
y2+ X

cos61°

LAEALs

2 2
y —-x
cos61°

H

14
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18

A light spring of unstretched length 0.10m has a spring constant of 20 Nm™. The spring is
suspended so that it is vertical and a load of mass 0.050kg is attached to the end of the spring.
The load is pulled vertically downwards until the length of the spring is 0.30 m. The load is then
released.
What is the speed of the load at the instant that the spring returns to its unstretched length?
(gravitational field strength = 10 Nkg™": assume that resistive forces are negligible)
A Ooms” ertE O e » (AT
-
B 40ms™' -~ - L\(o
C 60ms™ -\5}-"9 b
2
D 12ms” — o-OYSN + o-\
1 oM~
E 16ms” o
o-ousvt O free
-1
F J6ms \‘1_ = \"u Z-N< \ W
@ J12 ms™
H +30ms™
A &
Two vertices of a square are at (1, 1) and (3, 5).
What is the difference between the perimeters of the largest and smallest possible squares that
can be drawn with these points as two of their vertices?
—
™
B 4/3(2-2) Ghe \amdnZ \ K\ 2 ﬁ
c 4/3(v2-1) Y TS
© +(-2) ~15s
E 4J/5(v2-1) tesi vadan T %ﬁ

Cem cANBR
(v2-1) /‘—HJ_ ” “LE o Q:)n.\..‘r\:ﬁs_é

Peimrar = UL S

15
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20

A rocket travelling in space is burning its fuel at a constant rate. By expelling the burnt fuel
through a nozzle, the engine is applying a constant force to the rocket.

What is happening to the magnitude of the acceleration of the rocket?

@ It is increasing at an increasing rate. (g..sw w- .

B Itis increasing at a constant rate.

Meo<S &“.‘:“5 N O
Coivorte ol .

C ltis increasing at a decreasing rate.

D ltis not changing.

- F
E Itis decreasing at an increasing rate. o= -~
F ltis decreasing at a constant rate. coW O} S MALADNG, T_ (o \”‘/‘
G Itis decreasing at a decreasing rate. P L «‘ - oL = v
-0 o -*J'\Q 6"“
. Op- D o - N
The quadratic equation 2x° — px — 4 =0, where p is a positive constanf, has two solutions that
differ by 6.
What is the value of p? S
W
=P I + I
A 2 —

4~ﬁ =

c 12 '.’S‘-(t\- _ ?-“1‘1‘. :6

————

D 411 (Y W
E 434

2fgan _ 6
F 6430 -

. o= \Wwua-de
=\- ¢

p=+five = WS

16
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PART B Advanced Mathematics and Advanced Physics

17
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A block of mass m slides down a rough slope.
At position 1 the velocity of the block is v,.

At position 2, which is a vertical distance h below position 1, the velocity of the block is v,

Which expression gives the work done against friction by the block as it slides from position 1
to position 27

(gravitational field strength = g; assume that air resistance is negligible)

N
A mgh+%m(1’22—v12) L ww“l -\-wﬁ\l\?- \J&].:. + L}:,.q‘

2
mgh - m (vo* — ;%)

™
"‘V“8 s = M L \i"—‘l \
Cc mgh+%m ('1"2—‘1;'1)2 x“ “\\ + }-* (' \ \‘

D mgh- %m (2 — )

E m(2°—vi>)—mgh

F o gm(v=vy") —mgh
1 ) 2
G om(v2—vi) —mgh

H  2m(vi—va) —mgh

(x — 1) and (x — 2) are both factors of x*+ ax® +bx*—12x+ 4

What are the values of a and b? J- (_\\ (=3 0

A a=-6 and b=-23 “‘\ +‘~Q\?) .\-\,(\"\ _\\&.\\&\.\10
a=-6 and b=13 | 3octo—"0t 2O
C a=6and b=-11 Os-\'\c—'
D a=6 and b=1
)\ =0

16 +Qout WS a0
tona e © W o et o)
18 o,"~"6,bt \%
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23 The braking system of a car includes two cylinders containing an incompressible oil, linked by a
flexible tube that also contains oil. There is a freely moving piston in each cylinder. One piston
is labelled X, and the other is labelled Y in the diagram.

oil

. 1
piston X\I - piston Y

flexible tube

When the driver presses on the brake pedal, a force is exerted on piston X. The pressure
produced in the oil by this force is transmitted through the oil so that it causes a force to act on
piston Y. This presses the brakes against the moving parts.

The diameter of piston X is 4. 0cm. The diameter of piston Y is 12.0cm.

The driver exerts a force of 36.0N on piston X and it moves a distance of 5.4 cm to the right.

What is the resultant force on piston Y and how far does it move along the cylinder?

force on piston Y /N distance moved by piston Y /cm $"~" v‘.«\
A 40 0.60 A
B 40 486 Ax Ay
c 120 1.80 3¢ %
% —
D 12.0 162 FH et K<t
o
E 108 1.80 74
F 108 16.2 -
F,,_. R e
@ 324 0.60 \
H 324 486 = W8 <A IUNN

Wax =Wy - 6 xS\ 3uaxdy

&Y:S-;'\_ 0.6

19
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24 What is the area of the region enclosed between the curve v = %xz , the line y = —x, and the

linesx=1andx=37?

-
1 =Y
A 2
B 2
c 4 "
D 6
Ok
3
E @ xc\ xg
3
3
[ X & 3’).*-1' &% + '\ﬁ‘(\-\v&\(.ﬂ
' S
3 16 _ Tk
= —3+\<
- x| ew =TT B
¢,
20
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25 The graph shows how the displacement due to a wave in air varies with time.

displacement
0 \. —— L‘I\ T /l T
) 1IN 2 /3 4 5\ 6 /7 8 9

time /103s

\

——

J’ Lo By

The speed of the wave in air is 300ms™".

The wave now travels into water.

wave speedinair _ ., -‘ = 0O.00us
wave speed in water ’
d=z BTON2
What is the wavelength of the wave in water?
A o 300 = \.ue
6 Noxe = %0
B zm
9 \M" s MNeae T 6#\
5
C —m
5]
9
D —m
10
E Em
9
F Em
5
9
G —m
2
@ or

21
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26 Aline with non-zero gradient m is reflected in the line y =x

What is the gradient of the reflected line?

A m
B -m
oF —
m —
1
D__
m

22
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27  Aflat rectangular coil of wire with sides of length 30ecm and 20cm is freely pivoted about an
axle. The axle passes through the middle of the sides of length 30cm.

Part of the coil is between the poles of a U-shaped magnet as shown in the diagram. The poles
are 4 0cm long. The magnetic field can be considered uniform between the poles, and zero
elsewhere.

The coil is connected to a power supply so that there is a current in it.

o flat coil of wire
to circuit

wle
1( |
= 0.05 # 06 xJDO~= o-mylfDHH

F-= B\'\Ls~O

dem 20cm

= 0.03x0.
AL LT S
- 0.06V G ok

Mc Erd T 0.06 < 1<¢m [diagram not to scale]
The current is 0.60A and the magnetic flux density is 0.050T. There are 50 turns of wire in the
coil.

What is the moment about the axle, in Ncm, produced by the magnetic force acting on the coil?

A 0.018Ncm

B 0.036Ncm

C 0.045Ncm
@ 0.90Ncm

E 1.8Ncm

F  225Ncm

G 45Ncm

23
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28 The sum of the first 20 terms of an arithmetic progression is 50.
The sum of the next 20 terms of the arithmetic progression is —50.

What is the sum of the first 100 terms of the arithmetic progression?

~750 O ) =<0
Sc = (e 1)
B -350
C -50 e A =S
150 - €0 +-S00
0 12 g e 22 (et 3
E % Voo« 3N (S
-
F 50 Apae-S .- A~y
G 350
S X \:\_ %.3—
H 750 o= w_z %
~

- ~\R) ==L
o~ SO+ M AT SR R

24
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29

A box of mass 3.0kg is pulled a distance 5.0 m directly up a smooth slope by a constant
applied force of 30 N acting parallel to the slope.

The initial speed of the box is 3.0ms™" and the final speed is 7.0ms™". Its acceleration is
constant.

What is the component of the weight acting down the slope?

(gravitational field strength = 10 Nkg™"; air resistance is negligible)

A 12N 30“"‘3"‘* < wnon
T O -

18N VPGt ek o= -3 = _\_0_. Tk
C 22N E A

D 28N 20 —wa® < IO T 10 TN Y

E 29N

F 42N

G 90N

25
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30 The line L with equation y = mx + ¢, where m > 0 and ¢ > 0, passes through the point (2, 4).
A line is drawn through the point (2,4) perpendicular to L.
The triangle enclosed between the two lines and the y-axis has area 5 square units.

i i ? = :
What is the larger of the two possible values of m 7 Suw g g"\.l“\

A 05 *
B 05 g < e ¥S
c 125
® L— W=t rss L@ =S
2
t-w=S

X 4
E 5 Qempaidor o AT T YA N
- _ St LT
T oYaruetS 5 e
A‘- e o (1_.\_‘\(.\-\.\10

31 Electrical power is supplied through a dc transmission line that consists of two metal wires.
Each wire is 8.0km long and has a cross-sectional area of 1.0cm?.

wires

/

current/

The resistivity of the metal from which the wires are made is 2.5 x 107 Qm.
Electrical power is transmitted to the transmission line at a potential difference of 24000V

At what rate is energy being wasted as heat in the wires when the power supplied to the
transmission line is 120kW?

e L -S40 2r 000
A 040W V-h, Vave T ==
B 0.80W P \*\/D-)(
C 16W - L57%  wi
D 250W —\
E 500W "’f_@} cSh

A\ (o) 2. X = —
@ 1000 W L=np0oo0o AOD —_— .
6 1asxiow  Towh Plas = LWz OB xL= \m/,

H 576x10°W

26
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32

33

P and Q are two different geometric progressions.
The 3™ term of each geometric progression is 4.

The 5™ term of each geometric progression is 2.

5"-%,.& W S

What is the modulus of the difference between the sums to infinity of P and Q?

WV

A 0 P N ¢ ":.\-\
B 8 et =1
c 82 b =

/_c.'!-: N 1 €
D 16

W -

6 1 o =g 1"
F 32 &_,c:_-\a’, TS
G 32 KS\)

%Q: \

L
= " e
——)Q,Bt \_.A\‘-z FL—\
- ?_l—— - “L

w s - L+

= \&4dS g*&_e Y § gREN 106
\

A tennis ball travelling at 24.0m s~ is hit by a racket. As a result of the impact, the ball returns
back along its original path having undergone a change in velocity of 48.0ms™". The
acceleration of the ball whilst in contact with the racket is constant with magnitude 6000 ms=.
What is the total distance travelled by the ball whilst in contact with the racket?
A 0.00cm g zor ¥ LS
B 4.80cm 0 =l v UISK)
@ 960em
o = A > Tvom Lk o
D 144cm
\SWelalel (o
E 192cm
~ g
L
Sws T o T2 Lan00LYy
~o0d o0
\ ‘ = °~°‘61~
_-’/—I_'.
27
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34 The curve
y=x>+345px* +3px + 13
has two distinct turning points.

What are all the possible values of p?

®p<10:p>0_2 _ﬁl zg‘1+ 63'*&';‘
B =0 =02 o
pERre Dzsu‘uw"""">°
C 0<p<02
>0
D 0<p<02 &fsv\L-HCL\L?’f\
E p<0,p>12 \90?" “6?»‘0
F p<0,p>12 ZQQLSQ‘\\ >0
G 0<p=<12
(>
H 0<p<12

QP o% PO o=

28
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35 The diagram shows the relative positions of two identical light springs, both in equilibrium.

The springs are supporting loads of mass 0.20kg and 1.0kg as shown.

@F:\z*

L= Va¥-o
< 4.0cm
@ \O =\ 0.20kg
X,-%oT od\\ T
S cworwt
(=] 1.; S b L O
\'T; b o-on 1.0kg

[diagram not to scale]

The same two springs are now connected in parallel, supporting a 2.0kg mass as shown.

Q',:“g K ?@'M S

-\
T UV~
©
Cw z 182 e ()
2.0k W=
[diagram nolgtlo scale] = ?-—L- T
e QD
In this parallel arrangement, what is the total strain energy in the springs?
=S
(gravitational field strength = 10N kg‘1; assume that the springs obey Hooke's law) _—
A 025)
B 040J
(© o509
D 10J
E 25J
F 40J
G 50J
H 100J

29
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36 Find the number of solutions of the equation

14cos’x + 10sin’x cosx = 13 cosx

inthe range 2t <x<2u

A 4

l\..\\o"}t ¥\0O Q\- \d} ‘\ S = \3 Leh <
et -3nez0

Cove Qs x-3) =0

(

ete TO or 16z — o\ e\s
<o\

30
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37  An object of mass 2. 5kg is at rest at time = 0s. A resultant force acts on the objectin a
constant direction.

The magnitude of the resultant force acting on the object varies with time as shown by the
graph.

24

force /N

16

0 0.04 0.08 0.12 0.16 0.20
time /s

What is the kinetic energy of the object at time = 0 2057 ‘Iﬂ.,\\g,z Aws ondeS

A 0J yrol-

® o304 = L). AOLP W
c 10J = NS
D 16J b? - ‘7-*\"8'";\ \
£ 20 A Slun-B\z Lo v = O o
P2 < AW \S*Q-S\A—s&i*-‘é_ﬁ\é—oﬁ
G 64J wE T »o®

31
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38 Find the product of the real roots of the equation

(logmxz]zﬂogmx =3

A 107 C}_\”}‘S,_‘\“' oy © 3
B 10

c 10 WA V2 \"S‘b“

@ 10 i L&\;‘- yNv T 3

E 10° Lt vV =0

F 10

Luv DG ¥ 1\ Y O

3 - -
Loyt © T o =)

3 -1
R e T N
_ 3/ b
Ao/ SO T oMt =0

32
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39

In the following circuit, the ammeter records a current of zero.

What is the resistance of resistor R?

A 0Q

c

20082

3009

@ 400Q

E

F

600Q

12002

18002

24002

100Q 1200Q

A“ () T&

VASVe bor O coark

- V(.‘z\lo
—
2L S
T €+ o
3;1.6— = =16
P4 © & 0
R L

33
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40

Find the maximum value of the gradient of the curve with equation

3
y=2—4x+4x? —x?

wherex =0

dﬁ \l'), l
— D - — 3 5
A -4 &< “ + ée
8 N -
B -9 %: 3‘."“-110
o ! s
2 —
D 2 \r:" aQ
% —
E 4 Rzae‘xz‘_‘
a
—:“ = L 4-6.(% = \%
b END OF TEST
8 9 o G-
S ) | .
=1 L KB
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SECTION 2
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 2 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.

This paper contains 20 multiple-choice questions. There are no penalties for incorrect
responses, only marks for correct answers, so you should attempt all 20 questions. Each
question is worth one mark.

For each guestion, 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 22 printed pages and 2 blank pages.

Copyright @ UCLES 2020 Pv2
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Spring P has spring constant 1 ONem™" and spring Q has spring constant 3.0Ncm™.
The two springs are connected in series.

The springs are stretched by 6 0cm in total.

What is the extension of spring P?

(The springs have negligible mass and obey Hooke's law.)

A 15cm \ =3 3 _ oSN
Ucm \"3

C 30cm

D 4.0cm F'-:F&': 5SS xBT LS\

= ~N
Xe = ':i—— s 4 St
RN _"—;

A\ N
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A single strand of wire has a radius of 2.0 x 10~*m and length 15 m. The resistivity of the
material from which the wire is made is 4.8 x 107 Qm.

Twelve strands of this wire are connected in parallel to make a cable.

What is the resistance of the cable?

_1
n . W r\W .~ \S
A mﬂ K‘v.n.‘b _P\,",_ “w
A - W\ -
n N+ (20 \
B Q
180 Y
15
15 Lht o B
>t
T
180 = N
E —Q K
T | LA
F —21fDQ \/ < —: X --- VL LaeeS = \$O
[ WAV \ A c
\
z ../
(T =y v
4
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3

A ray of light is directed into a semicircular transparent block, entering at P. The direction of the
ray is adjusted until it strikes the centre of the flat face XY of the block at the critical angle and
reflects to Q as shown.

normal

The length of XY is L.
The speed of light in airis c.

What is the time taken by the light to travel from P to Q in the block?

A @ _e—g'.aw -
7c N
B < 3
c V»: .C—_-—
©5 >
c3 .
L3 i~ = L’ ~ (/-r}
p 22 2
c
20
E - - 2 ,
P oA 5>
c3
5
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A solid cube with sides of length 20cm is made from material with density 2000kg m~. The
cube is suspended, in equilibrium, from an initially unstretched spring, and this results in the
spring gaining strain energy of 3.2 J.

What is the spring constant of the spring?

(gravitational field strength = 10 Nkg™"; the spring obeys Hooke’s law)

3

A 40Nm Moy = LOD™» oV
B 8ONm = LotO >0-00 S \6\an

400Nm™
¢ " L Ffx = 3.
D 800NmM™ 2 ~

- 2y 32 2 0-O\4
@ 4000Nm™' \gw_;z L L % _%/o-
F 8000Nm™
h < Y °~°“
6
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A projectile is fired upwards from the ground at an angle of 60° to the vertical at a speed of
20ms.

It travels a horizontal distance d and lands with a downwards vertical component of velocity of
40ms'on ground that is height i above the starting point of the projectile.

. 20
What are d and h? ) ‘6’
(gravitational field strength = 10 Nkg™"; assume that air resistance is negligible)
d/m h/m Veilh torgs T 1PwREO
-\
A 6.043 4.2 = \O =b
B 6.04/3 5.8
V‘z\’ ro'e
c 1073 - 4.0 42 L=
-4=z\0 -\Ok &< \-':‘gs
D 1043 - 4.0 14.2 \
E 1043 +40 58 =S
F 1043 +40 142 \-
S A= OO =\
1443 42 f
£ = WS
H 1443 538 =0 n f——
\;‘" 8\9’ & 1.0-'5
L\“L = 8‘-\0‘ .S < \\‘: {_o_.;:‘_s_’:\_‘-k

R
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6 Diagram 1 shows the positions of nine equally spaced particles in a medium.

4 5 8
distanc¢ along mgdium /m

Diagram 1

Diagram 2 shows the positions of the same nine particles, at gl particular tighe, while a
longitudinal wave is travelling through the medium.

What is the amplitude of the wave?

A 04m
B 05m
C 06m
®©@ o7m
E 20m
F 40m
G 60m
H 80m
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distance along medium /m

Diagram 2

A “*'\;.\Al& z Mo~r bzg‘\kuﬂ‘-""'
o~ 9 g R



A spaceship with mass 8.0 x 10“kg travels at constant velocity and has 1.0 x 10" J of kinetic
energy.

An external impulse of 8.0 x 10" kgms™, lasting for 2.0s, is applied to the spaceship acting in
the opposite direction to the motion of the spaceship.

What is the average rate of loss of kinetic energy of the spaceship during the application of the
impulse? \ \"h
al =
)— »O *\l *~\O
A 95x10"wW 7_* e

QN 3
1.8 x10"W vtz ¥ - \e
c 22x10"w \..w.\b“‘ L
D 32x10"wW W -\
v= \o - SO0
E 36x10"w 2

F 72x10"w

Tepnw s 328 = mlev-so9)
S = AT (~ tsw\
N= oD ~SO0D T ~LAEED e
B ohar T kgt »a0" T Lt = A6MS = 6
Lo o) o= 368/ o = \pr\O W
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8

The diagram shows a solid triangular prism.

T Ces -Se o~ horass
- J—‘:..." 0O

= w53

a ax O

353
i Ta

Voo~ 2 $w O3

The sides of the triangular cross section of the prism are of length x.

A ,*S'

v 23 o P™D 3
e T =

The uniform density of the prism is p. '_L’

}S:?‘ W

What is the minimum pressure the prism can exert when it rests on level ground?

The height of the prism is 3x.

The gravitational field strength is g.

A 3pg
B 3pgx
Cc ﬂ
4
°

B =

10
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An apple of mass m; is placed on a uniform metre rule with the centre of gravity of the apple at
the 10em mark. The rule is balanced on a pivot placed at the 35¢m mark.

The apple is replaced with an orange of mass m,. The rule now balances with the pivot at the
A0cm mark.

@
What is the ratio -2 7 —— PT 14 —
2 T

A g Nb "‘\—5

4
® 3 G eV = emesyC25)

5
€% Vit W O- \

6
D -

5 sg . A
£ 1 1Power . B = —— c

e = — T, 6
9 o

11
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10

A cyclist travels at a constant speed of 12ms~" on level ground. During this time the power
needed to maintain a constant speed is 900W. The total weight of the cyclist and bicycle is
850N.

The cyclist now cycles up a slope at the same constant speed. The slope is at an angle of 30°
to the horizontal.

What is the driving force on the bicycle as it travels up the slope?

(Assume that the magnitude of the resistive forces is constant.)

A 75N Leveh Cwond = € = L - '@-—
N -

B 350N -
© swon = s

D (425V3 -75)N . Rasioive forez 1SS

E 775N Gloet~?  Diviey Jora = 1S ¥ OG0

F (425v3 +75)N 1S3 WIS T g&:)

G 925N

12
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11

Three identical resistors can be combined in four different arrangements.
One of the arrangements has a resistance of 18 Q2.

A different arrangement has a resistance of 8.0

What are the resistances of the other two arrangements?

(All three resistors contribute to the total resistance in all arrangements.)

A 209 and 409 - 0

3

B 20Q and 909 ——C}-:D‘—'—— @ IR
L .

-

3

C 4082 and 12Q

® 102 and 60
E 36Q and 1629 | S

F 81Q and 162Q

IA’ 3@3 \"‘226‘ _1*““&

U w22 ‘2_'-;, N S T LY 3

13
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12

A 4 0k fixed resistor is connected in series with a light dependent resistor (LDR) across a
100V dc power supply.

The current in the LDR is 5.0 mA.

The intensity of light falling on the LDR now decreases and the voltage across the fixed resistor
changes by 50%.

What is the change in the resistance of the LDR as a result of the change in intensity?

A 80k Vees ..,_m,;o.)?_mrooo';

B 12kQ = LoV

C 16kQ

@ 20k Rion T = Vws =10V

E 32kQ Tes = o‘w}'gA

PP 1m0y > _ﬁ‘j‘_—wtloozloz'e‘-*’%z G
Rt ¢ R

Now Rl T \D ¢ ee® B

Toass & Row
14
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13 An elastic cord with spring constant k is fixed to two points P and Q on the diameter of a ring so
that the cord is taut but unstretched. The radius of the ring is r.

The midpoint of the cord is then pulled and fixed to a point on the ring halfway between P
and Q.

NS R
What is the energy stored in the elastic cord? New W T 1"‘"

A 1y =~ Wer & e
2 x

B 2k’ -
’ By = R ~

¢ 5(5_1]}{?‘2 - -L‘!._(,I.c'gl.— gAY

D 22 -1k’

— + —3§
E %(3—24'5)1# - J‘,_‘v' Ls““‘; s\:?.
) 26-22) = LB /

15
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An object of mass M experiences a resultant force of magnitude F. The force acts in a single
horizontal direction with a magnitude that varies with time r according to

F=X+ Yt
where X and Y are constants.
The objectis atrestatr=0.

What is the magnitude of the momentum of the object at timet=T7?

B rlx+3v37) be~ ST E v
B T(x+YyvT) e
c I_J(x»,gvﬁ] =z & w + )’Q Ak
D L(x+vvT) ,_‘_
M
Y 4
F 2n:ﬁ I AN ‘1__—____7'\'?
16
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15

A trolley of mass 3.0kg is moving horizontally along a smooth track. Its displacement x from a
point at time 1 is given by the equation:

x=8+4t+ 217
where x is in metres and £ is in seconds.

How much work is done on the trolley between times t=0and r=5.05?

A 124 v= >«

— z\ai\
B 24J >
c 78J No = X
D 270J

Ng =W\
@ 840 \‘\
~
g ¥ Tany

F 864 BRE = -\-LL%\L
o on sk e B

17
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16 The diagram shows a ray of light passing through three mediums, P, Q and R. The boundaries
between the three mediums are parallel.

N
nT — .- Qe . & .
v 1
R (c V. :
1455
Q
p
[diagram not to scale] $SL
=N
The ratio of the speed of light in medium P to the speed of light in medium Q is 2: J5 PN

. “ \J
The ratio of the speed of light in medium Q to the speed of light in medium R is 3: N =60

What is the value of sin@?

"\‘c“e < ‘\& ‘ S_;_

5 -
A = 3
2 Ne n ‘A-%—
Bzt B iy ¥
B % pp* - Na. R
= Jg
© s
6
b V5
5
@E
5
F V15
6

18
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17

Water in a wide river flows at a constant speed of 0.50 ms~". A swimmer swims around a

square path of side 30m marked out by 4 posts R, S, T and U which are fixed to the river bed,

as shown.

The swimmer has a constant speed of 1.0ms™ relative to the water.

river

30m
_ =
S
1 I
1 | _—
W
30m ’?‘ ! 0.50ms
1 | _— =
1 |
bmm e ——
R U 5

How long does it take for the swimmer to swim around the square path once?

S = Vi Spaad =1 Sme™ - Tina 2 W0Os

A (60 +24+5)s
B (60+4043)s

C (30+2445)s

@(80+40J§)s

E 120s

- +
U @i Sanh 20See oo Tieme T 08
-3 .4 —
T{r#. \tsr'—““‘"'(" => '\"\I 80¢
A8tz A
v N Sy
Vb PN - .
%ﬁ&gg-mr; /1~'*z1.‘%mz
R ™ V3 1%
19
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The stress in a steel cable increases with time and is then maintained at a constant value, as
shown. The wire does not reach its limit of proportionality.

stress /Pa

8.0 x10° 4

time

The table shows properties of the steel used in the cable and the dimensions of the cable.

length fm cross-sectional area /m?® Young modulus / Pa

4.0 20x=10" 2.0=10"

How much work was done to stretch the cable? 3_

\Work Doz )_*‘rx* \_.)K:Fl——

A 3200
@ 128 = -‘-,_‘&"xl\* €\
C 256kJ E o
D 320kJ - -‘i ” (_g*ﬁ‘\\*#-*\b =,
E 640kJ 3 <0"
F160MJ
-y
G 640MJ = Quelt < WA 1\1-%*\07‘@___;5

o'

20
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19

The following graph shows how the displacement of an object travelling along a straight,
haorizontal track varies with time.

displacement

A Va

0

0 time 1) S\ \\

Which graph shows the velocity of this object against displacement?

Ficoh m.:D

A = B =

(%] (%]

o o

[13] (1]

X =

0 0 pd

0 / N displacement 0 displacement
i C) = D =

Q (=3

o o

@ @

> >

0 0

0 displacement 0 displacement
E 29 F 2

[ [5)

S K]

[1+] L]

. y "

0 0

0 / V displacement 0 / \ l/ displacement
G 2 H =

o o

L=} o

0 0

0/ displacement 0/ displacement

21
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20

A cell has emf E and internal resistance r that varies with current I according to:
r=kI?
where k is a constant.

A variable resistor is connected to the terminals of the cell. The resistance of the variable
resistor is adjusted.

Which expression gives the resistance of the variable resistor, in terms of k and E, that causes
maximum power dissipation in it? "

1
-

kE? ) < ~
Y - B e= 5N
L -
B 3 k"% ’ f-1tez ©L-Wl
T AP L e L =0 ler wen govrs
ka: A &L \'\
© e L pewed’ => Ls G\iﬁ s
o L=
s .'_“\% s - \h\" - “‘
OFLE =L -3 = EL’€\ L““ N

16 | T A\

' . \h h‘ \
! = Q\_\*.E‘\ -( \&

E (2ke?) \“
N AN M3 &-3- we') 3
Fo(ake?)? <= T"’\&% “\\\* \
1 \ \.,E"X 3
G (okE?)? = \-.E"\\"‘ (‘\:l; -\ '% = L'\A"\ 'y
2\3 k\"
H o (16kE%)5

weH\ V3
=3 L—\—;\ ”

END OF TEST
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