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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)

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 33 printed pages and 3 blank pages.
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Evaluate

(V7 +43) - (V7 -3)
A 0 o2 -% = (o) lo-W\
B 207 = ({-“,f“f'«ﬁ,\ﬁﬁ‘ﬁ :‘NS}‘\
c 47
0 23 = (1§‘l\<-1ﬁ\
E 10 = \-\r}.\
O w2 _
G 20
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2

The current—voltage graph for a diode 15 shown.

currént .fm‘A
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voltage /V

The diode is connected in series with a resistor and a 6.0V battery. The current in the circuit is

8.0mA.
—

What is the resistance of the resistor?

(Assume that the battery has negligible resistance.)

A

0.15Q

0.60Q

0.75Q

48Q

1502

60022

7509
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3 The equation gives v in terms of x:

_‘-—3-411-;{

Which one of the following is & rearrangement for x in terms of y?

LS
= 9-3 < -u(\ %)

-
3_‘_1:(\‘%
3-y b
C x=1% T 3 -2
% = )y —=
D \:112E \ % “
V a4
@x:212,j3;‘ }}—.- \t ;.;3-
Fosszaayt? 2 2 (22
JoNe T =
G \:212J:”—‘
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4

Two electromagnetic waves P and Q travel in a vacuum and the ratio of their wavelengths is:

NTE» T LomSeonhs

wavelength of P

wavelength of Q 100 2. Yexe? "Q\O\
Which row in the table shows the ratio of their speeds, the ratio of their frequencies, and 2‘.'. = ‘:‘—’“-
identifies the possible natures of P and Q? Ral"N k
speed of P frequency of P l
m m nature of P nature of Q =\ os
@ ’16-‘ 1.0 =107% microwave X-ray
B 1.0 1 _0_><1_I]'3 microwave radio wave
& 10 \ 1.0%10° infrared ultraviolet
-4 1.0 1.0 x10° visible light infrared
/E/ 1.0 =10° 1.0 gamma X-ray
y 1.0 = 10° 1.0 gamma infrared
P-4 1.0 =108 1.0 =10 infrared radio wave
w7 1.0 =10° 1.0x10" visible light ultraviolet

The resistance to the motion of a car is directly proportional to the sguare of the speed of the
car

The car increases its speed by 20%.

What is the percentage increase in the resistance to the motion of the car?

A 20% R'.lv"

B 24% g s
€D 4% o

Z 2: R.= R M Y (L
¢ oot

n» v
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A water-tight cylinder with a thin, freely moving piston contains 2.0 x 10~ m? of trapped air at
atmospheric pressure of 1.0 x10°Pa.

When the cylinder is submerged in water of constant density 1000kgm™, the volume of air in
the cylinder decreases to 4.0 x10™*m?

The piston is at a depth i below the surface of the water and the water surface is open to the
atmosphere

What is the depth h?

(gravitational field strength = 10Nkg™"; assume that the temperature of the air remains constant
and that air is an ideal gas)

N = GerahorAe

@ 40m 4 o -~
B 50m PURY. RO TVEL Rl £ R L~
¢ 60m = __—".0_2——-: o.g*\o‘zsx\og

0~ wu~< o™
D 400m
. Be= A = < = \O w\0= &N
F 600m G 20S - VIS T Ux\0" ~

A= RO =4O~

AdaR~

The equation of a curve is v = px* + gx where p and g are constants.

The curve passes through the points (2,6) and (4,—-4).

What is the value of g —p? 6~ ‘(‘2}3&%&“ z L\"\_a.

A 1
o LRV 3

B 2
c 5 = ?Lu\\‘-q‘tt‘\
ooy = \prs)
D 6 TR AL o] —
G- SR X IR R
F 16

2pz-LaRE
Ry R R

e L
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The secondary coil of an ideal, 100% efficient transformer is connected to a resistor by cables
of total resistance 1500 Q. The current in the primary coil is 4.0A. There are 240 turns in the
primary coil and 4800 tumms in the secondary coil.

What is the power produced as heat in the cables?

-~
@ sow Ve _De Velez Vel
Vs ~Ns
B 300W oy al
C 6000W - Tls (NE 2y Tlse o
1e Ve b
D 24000W 1oy
= A
E 120000W = e
F 9600000W < oA
f= 1TQ T OO ASED = \SosROY
Which of the following is a simplification of = \S =\ 760V
x(3x+1)
B e S—
2 (3x° —2x-1)
12x” —8x° ~7x-1 ~_ux -\
A BN 3~
B 4x7 +4x-1 = o™ 2w\
x(x+1) - {-{.(‘x—\\ _\\(.‘_\\
c 4x° +4x+1 - (.3"*\\(-*_\)

x(x+1)

@ 4x° —4x -1 =~ _ %LM\
x(x-1) = L\ - N \\
4x7 —4x+1 XL;A@K

E
2(x-1)
’Cg\ ) \
12x7 -8x" —x+1 - L‘ _ —
*(Bx-1)(x-1) * -1

T Lee G-V U -L“;\—-—
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10  Two tanks of water are connected by a salid cylindrical copper bar of length [ and diameter .

The bar is insulated.

One tank contains water at 90 °C and the other tank contains water at temperature 6.

solid cylindrical bar

insulation
&

d

water at 90°C

water at temperature ¢

For which of the following conditions is thermal energy conducted along the bar at the

lowest rate?
———

st v\t
I'/m dicm 0i/°C o —
b 0.40 40 20 Ccnodes & “
P-4 0.40 40 40 Lswer b
C 0.40 8.0 20
; 0.40 8.0 40 Lsact 5O
E 0.80 40 20 - &= 70
® 0.50 40 40 =258 = Ad-L0 T
¥ 080 80 20
A 080 8.0 40

10
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11

12

The ball for a garden game is a solid sphere of volume 192 cm®.

For the children’'s version of the game the ball is a solid sphere made of the same material, but
the radius is reduced by 25%.

What is the volume, in cmgl of the children’s ball? fg = \q‘l.

»
A 48 3

23

c 9%
D 108 < \a- <17 31?7
E 144 €\ -

The radioactive isotope X becomes the stable isotope Y after a succession of decays involving
only the emission of alpha and beta particles.
falpha and bela (B)

During the decay of one nucleus from X to Y, a total of seven paricles are emitted. It is known
that more of these particles are aw-as than beta particles,

The atomic number of X is Z and the mass number of X is A.

Which row in the table could give the atomic number and the mass number of Y?

atomic number of Y | mass number of Y A = AL by X
4 zZ-2 A-12 -\ \,_3 -
"4 Z-5 A-8
z-8 A-20 > A ey N G0
D z-10 A-24
E z-11 A-16 21 s \

11
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13  The diagram shows a right-angled triangle, with sides of length x + 4, 2x + 2 and 3x, all in cm

xt+4 3x A e
= LG M\Q-‘n"\
- L
_l . - _\‘_I.Lq\ﬁ\ \
- <

[diagram not to scale]

What is the area, in cm?, of the triangle? ™~ QD
~ W\ = r DA
A 10 C\g&\*\ b Qe .
= v
“
B 12 x‘&&ﬁ-*\“" -~ ALY\
c 23 S~ ,\.\6**‘-02‘\‘
D 36 => %
- z o
E 40 A b 1o}
o (= -\ 2
54
G 70 \eat~ 20 = =S

14  The kinetic energy of an object of mass 4.0kg, travelling in a straight line, increases from
32J to 200J in 3.0 seconds due to a constant resultant force.

What is the value of this resultant force?

3= SN S "Z_Vg'

A 20N - 2
: o (S urs
N .
@ son y
D 24N -.p:'\'f‘*‘\ T
& 26N vz |22 = ol
F 56N v *
_ iy 3
oue A~V \g,:. 2 Lo
e
1 Fz«-o"—$i
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16 PRand QS are the diagonals of a rhombus PORS.
PR =(3x+2)cm
QS =(8-2x)cm
The area of PQRS is 11¢m’.

What is the difference, in cm, between the two possible lengths of PR?

Aveos~ 8) oveus T RQodue oF D =

A 22
3 2
° 4% \\= -Lz_(_‘l,*b\'\(.%-i*\
1S
c 53 A< - 6et e
© s G_‘_‘L_\_p‘_; (=0
= [ -6z O .
eGP e N2 D - (e~
‘ -
xz3—> PRZ 2=\
xz l)—-> pee ()P TE ES
nN-3z%
/
13
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16  In the following circuit, all five resistors have the same resistance.

=

v w
The reading on the voltmeter is 1.0V. s Q. ay \
What is the voltage across the battery? _ &
‘-Q.SZS%U' =
A 40V A Ny
B 50V ‘ N ) YRS i < PR e~
cC 60V R
' R
D 70V = —;
. - Al
@B'OV \J axsots e 'MQM ASSYES = \N Y
F 90V ey =w
=% .-
G 10V _/.":f;'—', »N P -lc\\/tl
X 3
e eV
14
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[diagram not to scale]

The diagram shows two congruent right-angled triangles PQR and TSR with right angles at Q

and S, respectively.
Pe= k1= YN LV:\W"\

PQ=TS=3cm
QR=SR=4cm 2
PRT is a straight line. Sn® < S
What is the length, in cm, of Q57
SR T\
A 4
2 -

B 342 g.\ﬁ?“g‘ 2 (s = <
c 52 \-\ < ‘_'L_ = \‘
D 42 e = Y s

6.4 (N
© Qs =Rk by
F 82
G 10

15
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18

A block is designed with a cylindrical channel to accommodate a hot-water pipe. The block is
100cm long and it has a square cross-section of side 22.0cm with a cylindrical hole in the
middle, as shown in the diagram:

22.0cm

—
22.0cm

[diagram not to scale]

The diameter of the cylindrical hole is 14.0cm and the density of the material from which the
block is made is 0.100gem™.

T
What is the mass of the block? ~N o~ 6} b\M& z 1:\ (‘\@

o -GS
(takentobe?) Yol ab w\a < NS QY 3

A 1.32kg -GS — “’%Lﬂﬂ L\&\

Vogheied T &

30
kg = L) — \s\ ()
c 132kg

- ocP
D 330kg T 3300\ 2 3
E 132kg oo
Macs = V= DX
F  330kg = p*
G 1320kg = IL_L
H 3300kg
16

ENGAA 2019 Page 16



19

[diagram not to scale]

A solid pyramid has a square base of side length 12 cm and a vertical height of hcm.

The volume of the pyramid, in ecm?, is equal to the total surface area of the pyramid, in cm?.
What is the value of h? s Arerx = A\ wr Lwx A\';'“ﬁ\"

(volume of pyramid = % % area of base x vertical height)

R S NGk S \

A P
35
B 23 Lah = luw > waddadé
C 6
D =
@ 23 'v,\z--\.\.\kz’b
8
W QW-D2D

F 2421

LY

17
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20 A sample initially contains equal numbers of atoms of a radioactive isotope X and a stable

isotope Y.
Isotope X has a half-life of 3 years and decays in a single stage to the stable isotope Y.

What is the ratio

number of atoms of X : number of atoms of Y

in the sample 6 years later? x

¥
—
A The sample contains only isotope Y. ]
1:7 L k2
PN =
C 1:4 -‘— -:_._
D 1:3 Q L|
E 7:4

18
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PART B Advanced Mathematics and Advanced Physics

19
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21 Find the area of the shape bounded by the four lines: 9e.< -6 )

Zyv+x=4
- aS) (o2\
x=0 2
J-‘=O (\4.6\\
A 4 1‘9*1,2\-\
B 12 -~
==
©2 2 >
D 25 BA‘& \_L“\A“\
E 27 X 312
-\ LS‘\“
R
F 30

22 A hydroelectric power station uses the water in a reservoir to power the generators. The water
falls through a vertical height of 150m to the turbines which power the generators.

The efficiency of the power station is 90% and the output power of the power station is
1800 MW.

The gravitational field strength is 10N kg™ and the density of water is 1000kgm™.

What volume of water passes through the turbines in one minute?

A 648 x10'm’ Qover 3mgo* T \ 900 M
B 7.20x10'm’ 8-
T s00x10'm® = LSoOPW

D 648x10'm’

Ntz m < pvs\
pYaw = 1R S = €O

V= \ﬂ(f.\'sﬁ z ’-bw’::}"¢

V= TS . g0

\S

E 720x10'm’

F 800x10'm’

20
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23

24

The curve
y=x+plegr+r
has a local maximum when x = -1 and a local minimum when x =3
What is the value of p? > =0
P72
A -9 L
~ - <O
O Y ERRRRE ARLR
c -1 1o-4=30
D 1 =0
3 (%"\ ;.1‘(3\ +9
E 3
Spre -1
F 9 =-3
PSeo=-2\ -9
o+ — °F
A car P of mass 1000kg is travelling north at 30ms™" along a straight, horizontal road when it
hits another car Q which is directly ahead of P and travelling in the same direction. Car Q has a
mass of 500kg and is travelling at 20ms™".
The collision lasts for 0.20 s and immediately after the collision car Q is moving north at
30ms.
What is the speed of P immediately after the collision and what is the size of the average
resultant force that acts on Q during the collision?
(Assume that no external forces act on the cars during the collision.)
30 pi g
g =) —_—
speed of P /ms™ | average force on Q /N @ @
A 20 25000 —_— —
A.‘ ~ 3
B 20 50000
& w
c 20 100000 Zolvoosf A 1= \oa &\
D 20 125000 360 k \SP = W \sO
25 25000 P
© O e W02 1= LS
F 25 50000
5 S0 W)
F £ 4 E&, 2z e ————
G 25 100000 K <+
ok o
H 25 125000
- geeS
< wsoedV
21
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25 When simplified, -

1
{1 - \'IE }3

What is the value of b7

A -7 = 1-S S
6 \ e
————— ———
c -1
71-s> 74SL
D 1
c . = Jasfh _ _ 15
/ = =t
F 7 LA-€©
26 A metal wire of length 0.50m has a uniform cross-sectional area of 4.0 x 10~ m®.

There is a current of 4. 0A in the wire.

What is the potential difference across the ends of the wire?

(resistivity of the metal = 1.6 x 107" Qm)

A 005V K = e\_

B 020V A

0.80Vv
O < s
_ \.Bxyx 0
 aav N= 3pv yﬁ_________—-
A -
E 50V ~N )‘% \97
F 20V
= >V
22
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is written in the form a + bv2 where a and b are integers.

-2V =\ 3L 6 L0



27  Itis given that

Teosx +tanxsinx =5

where 0° < x < 80°

What are the possible values of tanx ?

A Lol e~ +- :_:""‘-/-_-,S
2 3 L“*-
1 1
B —= 0 ——
B T 4vor = S
c B, 202
2 3 T wde-\"Sees
@ﬁor&@
E 3or2 V‘:L—-g 'S%‘*‘ = o
pexz X oW wex z
i e wdaeA
\&'h‘:"‘c‘b\-’\"’h\xz(} \A’\rrﬂ&\to\""*ﬂ"\“lfl

23
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28 A uniform square trap door of side 0.80m and mass 14kg has a smooth hinge at one edge and
is held open at an angle of 30° to the horizontal. It is supported by a single rigid rod placed so
that it meets the surface of the trap door at 90° at a distance 0.10m from the top edge of the
trap door, as shown

trap door

supporting rod

hinge
What is the normal contact force exerted on the trap door by the rod?

.\.\uﬂ& < NLG:“

(gravitational field strength = 10Nkg ") (qo . ‘LAS (6
A 40N S-
B 35/3N l\.‘,g\bxo-‘-\ﬁ__g: 2 oM
@ 403N Y of
: rd '™
D B8ON /?‘/}-—co-‘l“"-“ %
E 80V3N »
F 280—‘/E N
3

24
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29  An equilateral triangle of side 8 cm is drawn so that its vertices lie on the circumference of a
circle, as shown in the diagram.

A %~
8cm

g

What is the total of the three areas shaded in the diagram, in cm??
. L S
A B8(2n-3) At~ 0} L,.g..&..: )'A'GS'-L

B 24(n-+3) < LI,\C\.UA*‘O
c 48(an-+3)

< 353
333 . uny

D %{41[—6—3\5) -
@ ?(41:—3\/5] Cavira :
g <t & - telDN O
R
6w = et - -l‘;\.(_\h = e
- LS e "rEw
_ < _ tede O~ —
/.« -z o G S

S > 2 ﬂ-%_ \‘:})

25
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30

Two small loudspeakers are placed side by side 30cm apart.

They are connected to the same signal generator so that they emit sound of frequency 400Hz

in phase with one another.

The sounds both reach a microphone placed 40 cm directly in front of one of the two
loudspeakers as shown.

30cm

[4

What is the phase difference between waves from the loudspeakers as they arrive at the

microphone?
be¢ = %o _ . pe
»

microphone

(speed of sound = 320ms™)

A 30° - i~
Aos.c e ¥l = SO\t~ 1Dls

B 36°
c) 45° by = w“@
D 60° 31’#

E 72° = ;4*}2, ’E%c

F o0

G 120°

26
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31 Which one of the following is the real solution of the equation

3x5%* _5% _2-¢

A x:]ogs{:%j S-Iru\ =S ASY
:,.3\.' 3.5 ,..S"*—-‘S* 220
\5)

c rzlogs{%j Wk V= S N s
\ - N =

D t:loc;s:‘/%:j \S: N TS
. su® yov-bv

E X =]085:_\§_',1 5w 3 3«‘\'1"3‘“ ‘\-g'o

F \:logsli%:] g = - -L; o ’-"S'

32 An astronaut on the Moon throws a ball vertically upwards. The ball has a mass of 2.0g and is
thrown upwards at 80ms™".

What is the maximum height gained by the ball?

(gravitational field strength close to the Moon’s surface = 1.6Nkg™)

A 25m A-L..’.J‘- z -
B 50m
C 320m O = \- (AW
® 2000m 2=
E 3200m W %?—,;}:f’s‘b

F 4000m ~r yz

27
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33 For a particular function f(x), it is given that:

and also:

Find the value of J:f(x}dx

™
3
11
8 7
11
06
o 13
6
1
g 13
3

[ 2/ (s + [Lf(x)dr=4
=

J_:Sf (x)dx - [j flx)dx =7
5% Z
e raz X
- = %=%)
, L~ -2 ]
* ez
W

h 2 \\""'*z _Z

o I \-—\“I‘%c.l.i

28
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34 A student has one 300 Q resistor and another resistor of resistance R

The student plots a graph of current I against potential difference V for the 300 € resistor and
then for both resistors connected in parallel.

30
I/mA N OOO(.M
20
S 5 206
10
ot
0 2 3 4 5 6
VIV
What is the resistance R? \Z.\_“ T _"__—- 1100'“‘
A 330 6-0%
B 50Q &
c 10Q z’ﬁ‘:——-’ = 5
«®
D 100Q 3eC ~7
‘w&
E 200Q 3&7.

® swe e O,

100082

29
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35

36

® 5670

Given that
fx) = j: (3+20) dt

what is the coefficient of x* in the expansion of f{x) in powers of x?

3

A 70 G = 3 41 13O0y - ;_"L?“s“*u\\

B 162 —
s 3

¢ 283 - 3

D 3024

= 7\ *3 3,32 ~ B¢ -7"“’5*”“*%‘}
—— L daide <

F 15120 '3\9‘{-\ 3/;6‘\

G 22680 - 35> <5
“ Csede T BrB\XR -8B\ =580

A light, vertical, copper wire of length 2.4 m and uniform cross-sectional area 2.0 x 10-°m?
supports a load of mass 4.0kg.

The Young modulus of copperis 1.2 = 10" Pa.
What is the strain energy in the wire?

(gravitational field strength = 10N kg™ assume that the wire obeys Hooke’s law and that the
cross-sectional area remains constant)

A 80x10°J Shven Aty T ‘L)_ | AN
B 17x10%J -
BxSe E.x,xs Fr
C 40x107*J ¥ ¢ =T a - T_.L AT
@8.0 x 107
E 40102 B B R A ot x WA
F 16x107J 3 2 AFE <

30
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37  The three internal angles in a triangle are ¢, f and &, and

3tana - 2sin ff =2

Stana + 6sinff=8

What is the value of @ in degrees?

A 15
B 45
c 75
@ 105
E 135

4+

Loret = e LG®

Y-~ L X3

Sx +6u=]Q ¢ ]

N

lh*e ‘q-’_*-;‘

T AW
3—15114-‘3= )—
S:“Q"’&"'Fc go‘

1 RO ~CuSIW) =15
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38

39

Light travelling in a transparent liquid strikes the surface from below. The angle between the
surface of the liquid and the direction of travel of the light is a.
The light then travels along the surface between the liquid and the air as shown in the diagram.

m

/N
>
Now, light travelling in air strikes the surface from above so that the angle between the surface
and the direction of travel of this light is also a.
After the light strikes the surface from above, the angle between the surface and the direction
of travel of the refracted light is 5.
«r®)z A0
Which expression gives §? [ARN \
(all angles are in degrees) n, S~ (\o-%\ =\ S’h‘\b
_ 2
@ cosfi=cos’a “\“g.‘ =\
B cosf=cosa sin™ [lj
) )
- - = -~ (AD-
C sinf=sin’e | s~ (A0 W) NS ¢ ¢
D [3=90-(90-a) QS & T
E j=0 ] e
oot == '° £
F f=a
x
T ol

Find the complete set of values of x for which

C-27-Tx-4>0

A x<-1 X:‘ ~U~- 1\‘141 (o)
B e =1V FD
C 1<x=<4

s —1 -2 1D

D x<-1o0orx=>4

=1 (et v - W)
bowe-T2bs 3

=% (e VNN e)

32
SOder w oYy
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40 The velocity—time graph is for an 80kg person in a lift that is moving vertically upwards.

velocity fms!

1
i
0.0+ : : :
0.0 5.0 10.0 20.0 25.0
time /s

What is the magnitude of the contact force between the person and the lift floor at the time
corresponding to X?

| 3
(gravitational field strength = 10 ng'1)
A G40N )
@ 768N
C 800N €-\W=xmea
D 832N E=< WO X ‘K)LO—-\)
E 960N
=00 -3
END OF TEST - -,‘Q)’
———

33
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UNIVERSITY OF
CAMBRIDGE

ENGINEERING D564/12
ADMISSIONS ASSESSMENT

Wednesday 30 October 2019 60 minutes

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 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 22 printed pages and 2 blank pages.
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The ray diagram shows light passing from a vacuum into a medium.

|
:
X
vacuum i
1
medium i
Yo
1
1
Two angles, x and v, are shown on the diagram.
When x is 60°, y is 45°. \ LW = N 1‘:'“\3

When x is 45°, what is the value of sin y ?

6w b0 T ™SS US

;
O = H L5
2 = ’{.
B 5
c 1 Nz %‘
2.
D ﬁ :
2 \emus }—-4‘-&3
E 3 g9
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Identical resistors are used to produce three different arrangements X, Y and Z.

X Y z
1
| I |
Each arrangement is connected, in turn, across the same battery which has a negligible
internal resistance.

The total power developed in each of the arrangements is determined.

What is the order of the arrangements when placed in order of increasing power?

®xv.z Re=R
e hy o B BRSO
c v.xz [ WYY
D Y.ZX
Roc sk 2R
E ZXY TS

F ZYX
o 3 AR = {
p=Y L QoL X L
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3 A block of mass 2.0kg is on a plane which Is inclined to the horizontal at an angle of 30°.

The block is attached to a load of mass M by a light, inextensible string which passes over a
smooth pulley.

pulley

The load moves downwards at a constant speed.
A constant friction force of 5.0N acts on the block while it moves.
What is the value of M?

(gravitational field strength = 10ng'1; assume that air resistance is negligible)

A 0.50kg - Hc‘“% x5 = W0AXST=\S

B 10kg
@1.5kg 1:"“3 = lomararh W

=y =1.Sw=
D 25kg 1S 2\OMZM = Swy

E 40kg

F 6.0kg
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4 The battery in the circuit shown has an emf of 16V and an internal resistance of 1.0Q.

Which line in the table gives the voltmeter readings when switch S is in its open and closed

states? o
'\
voltmeter reading IV ’ﬁ- & g
when S is open when S is closed Q_\_oy = \ * *‘S =

4.0

A 30 2.0 VIS -%"'&\6 SRV
1@ 40 6.0 e C‘o
(7% 3
- T 5 =
c 4.0 24 \ & XS 3
Ryvex = YLN
D 6.0 24 3 = &V
V= 3 x\€ <68

E 6.0 4.0
. 4 4

11 19
G 48 48

11 7.0
" 128 64

11 7.0
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A stationary wave is set up in a medium in which the speed of the wave is 3.2ms™"

The stationary wave is formed by the superposition of two longitudinal waves, each of
amplitude 1.5cm, travelling in opposite directions

The distance between adjacent nodes in the stationary wave is 4.0cm.

What is the total distance travelled by a particle at an antinode during a time interval of

1.0 minute? -~
A Om ’_’-3 \_\L‘“ - /_\\\~——’—‘P
—
B 72m NN
c 144m TR e 2
D 192m s - = LOWa
(AR N T PRI ) Sy
O 288m
F 576m

Toed dkera © \-Scmnx\ ™ }JXK':Q_‘% L0

L=
\ Cadr lqu/ -

= \Lx 0O
= "L rtwwm =z I»_*/__
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A ray of light of single frequency f is travelling in a block of transparent material.
The ray strikes the boundary between the block and air at an angle & to the boundary.
When 8 = 65° the ray is just at the threshold of being totally internally reflected.

Which of the following is an expression for the wavelength of the light in the material?

(The speed of light in air is var.) [
‘ (5¢
® vV, X€0s65
I
B vy, Xs5in65°
f ~y (W B T 0, s~A\D
¢ 3 xc{>s€»5;
= TGO T Ne
S
D — == o
v x5in65 L
~ < (a8 ne
1.ﬂlr Ve
£ fxcos65° J’ R\
_ Var Ne&
F : ° 2% - m——
Fxsin65 » . 1 =
G f *xcos65° No- @wsS J"ﬁ\:
Vair N - gdbss
g fxsin65” ST Wt —
Vair 4’ //
8
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A solid pyramid of height 140m has a square base.
The density of the stone from which the pyramid is made is 2100kgm™.
Atmospheric pressure is 100 kPa.

What is the average pressure on the ground under the pyramid?

(gravitational field strength = 10Nkg™"; volume of a pyramid = % x base area = vertical height)

-\
A 98kPa P%Mc Lg* 9(*\\40*‘\)(9*3

B 108kPa r \ DD

C 198kPa K.‘\)y)

D 980kPa

1080kP _

& ° = W0 > $100

F 2940kPa

G 3040kPa —= 1030 *Po

/
9
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The pressure exerted by a gas at constant temperature is directly proportional to its density.
A spherical bubble of gas forms at the bottom of a glass containing a fizzy drink.

The radius of the bubble at the point of formation, at the bottom of the drink, is R.

The depth of the liquid in the glass is h, and the density of the liquid of the drink is p.
Atmospheric pressure is P,

As the bubble rises, its radius changes.

Which expression gives the radius of the bubble when it is at a distance x below the surface of
the drink?

- 4 : ]
(gravitational field strength = g; volume of sphere = 3 - where r is the radius; the mass and

the temperature of the gas in the bubble remain constant)

o[ tpo=r Petpt™ Bp

\xpg - P )
. _

B R|rgi3 s = © ¥ pyx
LN

& R|f-hpg+P\% eV = &
\xpg +FP

/ ) = ()

u .- x paW)
D ,q|“xpg_sz (Vxpy

_ 3
ek PrppIRS = LO¥pyede
E R(E ! A M
\hJ ‘ -z P (1 3 &
xpg +P )3 Crpye
F R[hpwPJ
10
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A block of mass 2.0kg slides directly down a smooth slope.

The slope is at an angle of 30° to the horizontal.

The block reaches a speed of 8.0ms™', at which point the slope becomes rough and the block
begins to decelerate

After travelling a distance of 4.0m down the rough slope the block comes to rest.

What is the magnitude of the average friction force between the block and the rough slope?

(gravitational field strength = 10N kg™"; assume that air resistance is negligible)

A

o 0O

20N
6.0N

10N

(16 +10V3)N

KE ¢+ (28 5 \IN by rdvon
L F Lloavasy= Faxnly
€ * o~ Fa=\y

—

Fw= \OW VS
\A -—é

11
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10 A non-uniform beam PQ of length 5.0m and weight X rests on a pivot placed 3.0m from end P.
It is kept in equilibrium in a horizontal position by an upward force of magnitude 0.60X acting at

end P.

The normal contact force at the pivot is 800N

What is the weight of the beam and how far is the centre of gravity of the beam from the pivot?

weight of beam /N distance from pivot /m

A 500 0.50
B 500 18
c 500 3.0
D 2000 0.50
® 2000 1.8
F 2000 3.0

—

3 N —Q
T N S
\ ° “ —

-

RLT) X Q00 ¥ b= w2 % = 200 = Lo

O\

(G« 0-6%(I)+ WO z WHCL L)

LODD * Kb T W S Y4 \ I
oz 300 =TT VS

12
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11 Acar is travelling along a straight road with constant acceleration. It passes a road sign.
It travels 12.2m in the 3" second and 14.4m in the 4™ second after passing the road sign.

What was the speed of the car as it passed the road sign?

A 220ms” Sose o ok O LA R TV
B 450ms™
6.70ms™ i
B e oms Lz wk t Yox
D 7.80ms™
E 133ms™ |\ TR B R L)_o\
F 372ms™

Ax Geoee OF 1‘\(:\ At Sl

=N T v

— —

k-

\L- L= wv l‘\o\

PR
lu.“‘c\)‘%«“" CA <~ 11*

O= \w-x-\-\= \\-\ms—\

NV S-\s'v\ =< \'\,\ -1»(.‘\_.\'\ e ‘-‘la'ﬁ

13
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12

A light spring has unstretched length 0.40m and spring constant 50Nm™".

The spring is stretched by a varying tension force that starts at a value of zero and increases at
a constant rate of 0.20Ns™" up to a maximum value.

When the force reaches its maximum value, the strain energy of the spring is 0.25J.

What is the average power used to stretch the spring?

(Assume that the spring obeys Hooke's law.)

@ 0.010W

Cc

0.020wW

0.040W

0.080W

1.0W

L e = 0
k> 20 S

=z OS = O-0\
<o

14
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13  The circuit below contains three identical resistors, and two identical cells. When the switch is
open, the power dissipated by resistor X is P.

resistor X

What is the power dissipated by resistor X after the switch is closed?

P
A S Opan —> Vs = ¥V
Ok ok 7 R
c 2 LN
D P4 +e e
Wt
16P wW\*. g — =P
= o "’Qﬁ © AR
P oo
* et 2 k2 V, R = &
N
L 1&1 -
~(NMN\"- —
?“Lub @= Le

~
_\'/- ':- L\V___" < S—
LUw ak \&

15
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14

A car of mass m is pulling a caravan of mass M.
The caravan is connected to the car by a metal bar of length [ and cross-sectional area A.
The Young modulus of the metal from which the bar is made is E.

The car and caravan have a constant forward acceleration a and there are total resistive forces
D, acting on the car and D> acting on the caravan.

What is the extension of the bar?

(Assume that the bar obeys Hooke's law and that the cross-sectional area of the bar remains
unchanged.)

Mal Covovan = U .~ D 2 Mo
EA
Ma
va = M\
EA oo «PQL
@(Mﬂ+02)f
EA %= FU (M D )\
o Ma+D, - T
A Ae EA
g (Matma+D,+D,)l
EA
E Ma+ma+ D, + D,
EA
16

ENGAA 2019 Page 49

—T——)
» \4 D,



15  Fourresistors, P, Q, R and S, are connected to a battery with negligible internal resistance, as
shown in the diagram.

P and S each have resistance x. Q and R each have resistance 2x.

[l Visiers <V
Y — 40M®-¢.§;‘~5
x Ut
tb—__\,— :V-
e S

U LS
A fifth resistor, T, which has resistance x, is to be added to the circuit in one of the following
listed positions, as shown in the diagram:

in parallel with P == ‘Zf ‘“M\, wuX Q'S 1 e QO

1
2 In series with Q . ~. N N
= — Nepdl ‘v % s N ot
3 in parallel with R VALY

Re gt L VL

Which of the positions for resistor T causes an increase in the magnitude of the voltmeter
reading?

A none of them

B 1only
C 2only
D 3only

@ 1 and 2 only

F 1and3only
G 2and 3 only

H 1,2and3

17

ENGAA 2019 Page 50



16 A ball is thrown vertically upwards in air. The ball travels upwards to reach its highest point and
then falls back down to its initial starting position. The velocity—time graph for the ball is shown.

velocity
0
time
o v“&w’.&
Ak o 2 €y
Which of the following statements is/are correct? / —0 o5 N 10 -

The magnitude of the acceleration of the ball is only equal to the magnitude of the
acceleration of free fall when it is at its highest point.

The time taken for the upward journey of the ball is equal to the time taken for the
journey back down to its starting position. F"Q-s

The maximum increase in the gravitational potential energy of the ball is less than its
initial kinetic energy and greater than its kinetic energy when it returns to its starting

ition.
position A‘f S N\ TN\ R, Lu\aS é{‘\:w“ °x'

A none of them
ResTY
B 1only
C Zonly
D 3only

E 1and2only

@ 1 and 3 only

G 2and3only

H 1,2and3

18
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17

A stone is projected from level ground at an angle of 30° to the horizontal.
After 1.0s the stone lands on a ledge at height h above the level ground.

During this journey the vertical component of velocity of the stone is upwards for the first 0.60s
and downwards for the remaining 0.40s.

What is the value of h?

(gravitational field strength = 10 Nkg™'; assume that air resistance is negligible)

B 16m
C 20m
D 30m
E 32m
F 60m
G 70m
H 11m

s=oka ot = = () - =\

VW
—

19
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18 A drawbridge system consists of a uniform ramp, of weight W, that is smoothly hinged at its
lower end. The upper end is connected by a light, inextensible cable to a winch that is fixed to
the wall in the position shown in the diagram.

wall

winch

hinge

W - !i (o&(“O'O\ = Ti:“d C\)

The ramp is lowered slowly, at constant speed, from its closed (vertical) position (8 = 0°) to its
open (horizontal) position (8 = 90°).

What is the maximum tension in the cable during this process?
(double-angle identities: sin28 = 2sin & cos &; cos 26 = cos” # — sin’ )

w

A — \"" . N < -~
&%

< -6

c REL = ‘%Q = %-%

2 2
D W w0

2w = wn®c N wn (-

p e Teeed)

e~ - &

FoIw i (a0 1\: \me_\a-ycgf_)“
G 2w

\':x (Zs~ Q\% =\ kyzl

-
T;U&.G?—L I -" S QZG\O

e 2

20 - N
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19

A particle of mass m has kinetic energy £ when it collides with a stationary particle of mass M.
The two particles coalesce

Which of the following expressions gives the total kinetic energy transferred to other forms of
energy in the collision?

A 0 E = X"_M’L 2-N= S"‘_—&
ME ~
(M +m)

_mE_ w1ZE A MO 2 (Gea M0
(M +m) ~
(M +m)E
D
,,, xe ~§E
E (M+m)E
M ve - NN\
r mME
(M +m) A 2
c E KE opasx T L(MM\(.\\
= Lo /A%
(«\-\-M\v
= ~E
w\&ﬁ'\
F_ - w=E _ M
ma M VA AP //
21
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20

The critical angle for light incident on a boundary from medium X to air is 45°.

The critical angle for light of the same frequency incident on a boundary from medium Y to air

is 60°.

There is a boundary between medium X and medium Y. Light of the same frequency travelling
in one of these mediums is incident on this boundary.

In which direction of incidence is there a critical angle at this boundary, and within what range

is this critical angle?

direction of incidence critical angle

A XtoY between 0° and 30°

B XtoY between 30° and 45°
@ XtoY between 45° and 60°
D XtoY between 60° and 90°
P-4 Y to X between 0° and 30°
v Y to X between 30° and 45°
5-d Y to X between 45° and 60°
L Y to X between 60° and 90°

%

P ~——

n, eSS T ~oaenad Ty

S - SR

Y-

P—

N‘_s:«(\b: \

ez |-
- J \

- -‘w«:-M R o Y

T
ST e~ = J-,"-"'\

END OF TEST

22
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