Worked Solutions for ENGAA Papers by Topic

Section 1

Topic: Waves

Section 1 Topic Number of Questions 2016 - 2020
Algebra 34
Calculus 16

Coordinate geometry 11
Electricity 18
Energy 8
Exponentials and logarithms 9
Forces and equilibrium 7
Geometry 40
Kinematics 15
Materials 2
Matter & thermal physics 5
Mechanics 55
Number 11
Probability 3
Radioactivity 14
Ratio and proportion 7
Sequences and series 8
Trigonometry 6

Waves 13
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ENGAA S1 2020 - Question 13

13 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 = 0.80s.
What is the speed of the wave?
A 21ms”
34ms™
50ms™

75ms™

m O O @

20ms™

ENGAA S1 2020 - Question 13 -

v=fA=10x05 =5mS™"

Answer is C


http://www.oxbridgemind.co.uk/

ENGAA S1 2020 - Question 25

25 The graph shows how the displacement due to a wave in air varies with time.

A
displacement

e
=

XA T

The speed of the wave in air is 300ms™".
The wave now travels into water.

wave speedin air
wave speed in water

What is the wavelength of the wave in water?

A %m
B %m
C %m
D %m
E gm
F %m
G gm
H 6m

ENGAA S1 2020 - Question 25 - Worked Solution

Vo = fha
L _300_ 300 _ .
« T TTax108 . "
Ya _53,=5x12m
T
Av = 6m

Answer is H
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ENGAA S1 2019 - Question 4

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

wavelength of P

— 10 x10°
wavelength of Q PP

Which row in the table shows the ratio of their speeds, the ratio of their frequencies, and
identifies the possible natures of P and Q?

speed of P frequency of P

m m nature of P nature of Q
A 1.0 1.0x10°® microwave X-ray
B 1.0 1.0x10® microwave radio wave
c 1.0 1.0 x10° infrared ultraviolet
D 1.0 1.0 x10° visible light infrared
E 1.0 x10° gamma X-ray
F 1.0 x10° gamma infrared
G 1.0 x10° infrared radio wave
H 1.0 x10° visible li § ultraviolet

-

ENGAA S1 2019 - Question 4 - Wo

Answer is A
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ENGAA S1 2019 - Question 30

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 400 Hz
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.

30em
microphone

gmey arrive at the

- S

B
c 45° @
5 D}S
E
F
G

120°

ENGAA S1 2019 - Question 30 - Worked Solution
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30cm s

40cm
10cm path difference
320
A = 0.8m = 80cm
m
"7y

or in dey

Think of the phase difference

his casé as fraction of w’ Qgth the top wave has
travelled extra

Answer is C
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ENGAA S1 2019 - Question 38

38 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.
/

MNow, 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.

.
rad

Aifter the light strikes the surface from above, the angle between the surface and the direction
of travel of the refracted light is 5.

Which expression gives 7
(all angles are in degrees)

A cosfi=cos’a

10
B cosf=cosasin |—|

LK
C sinf=sin‘a
D f=90-(90-af
E =0
F f=a

ENGAA S1 2019 - Question 38 - Worked/Solution

By Snell’s law
sin sin (90 —a) = n sin sin (90 —p)

CosCos @ = nCos Cos @
Boundary condition

sinsin (90 —a) = nsinsin (90 —0) — n =
Thus Cos?a =Cos Cos @

coS coS

Answer is A
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ENGAA Specimen S1 - Question 4

4 The displacement/time graph shown represents a wave of wavelength 1.5cm.

A

0 1 3
time/s

What is the speed of the wa
0.33cms™
0.67cms™
0.75cms™
1.33cms™

1.5cms™’

3.0cms™ 0@

ENGAA Specimen S1 - Question 4 - Wo Solution

N
O

(9‘9

m m o O W P

The period of the wave, T=2.0s

1

f=F= 05HZ
v = fA
=05x15

v = 0.75cms™"
Answer is C

A 4


http://www.oxbridgemind.co.uk/

ENGAA Specimen S1 - Question 14

14 A pulse of frequency 100kHz is emitted from an ultrasound scanner, and is reflected from a
foetus 10 cm below the transmitter placed on the mother's abdomen. The speed of sound
within the mother's body is 500ms™".

How long after its emission from the scanner does it take for the pulse to reach the receiver
which is adjacent to the transmitier?

A 020ms

B 040ms

C 0.50ms

D 080ms

E 10ms
ENGAA Specimen S1

Answer is B
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ENGAA Specimen S1 - Question 20

20 A sound wave is produced by a loudspeaker cone, which creates pulses of pressure by moving
back and forth between two points X and Y as shown in the diagram.

[diagram not to scale]

I
I
I
I
|
I
I
I
I
I
I
1

The distance between points X ane he loudspeaker produces pulses of high
pressure every 0.20 milliseco

The following statements abg

It has a speed of 25m s
It has an amplitude o

It has a wavelength of 5.5 mm. 6&

S It has a frequency of 5.0kHz. @

 p 7T

Which of these statements can be com uced from the information given?

P only
S only
P and Q only
P and R only

Q and S only

m m O O @ B

R and S only

G P,RandSonly

ENGAA Specimen S1 - Question 20 - Worked Solution

T=02mS =2x 1074
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1 1
f= TSTx10%" 5000Hz = 5kHz
We have no information about the speed of the waves.

We know the frequency but no way to know the wavelength

Answer is B
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ENGAA S1 2018 - Question 6

B When travelling in a vacuum, visible light has a wavelength between 400 nm and 700 nm.
The speed of light in a vacuum is 3.0 = 10®ms™.

What can be concluded about ultraviolet radiation from this information?

A It has a maximum frequency of 2.7 = 10"*Hz

B It has a maximum frequency of 4.3 = 10'*Hz
C It has a maximum frequency of 7.5 = 10"*Hz
D It has a maximum frequency of 1.0 = 10'°Hz
E It has a minimum frequency of 2.7 = 10" Hz

F It has a minimum frequency of 4.3 x 10" Hz
G It has a minimum frequency of 7.5 = 10" Hz

H Ithas a minimum freglency of 1.0 %10 Hz

Ultra light has max A:
A =400m
c=Af
_c
f=3
A is a maximum s&)f Will be a minimum
3.0.x108
I & Joox 109
=/75 x 1014Hz

Answer is G.
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ENGAA S1 2018 - Question 18

18 A fransverse wave with an amplitude of 4.0cm and a frequency of 10 Hz travels along a rope at
a speed of 24ms™".

What is the total distance travelled by a particle in the rope in a time of 2087
24m
4.8m
8.0m

16m

m o O b >

32m

m

48m

ENGAA S1 2018 - Question 18 - Worked Solution

f»= 10Hz
. 0.1
=== 0d's
f
zoﬁzo_200
17 2

SO in20s;200 waves pass particle
In-one wave particle travels 4 x 4.0 cm

In 200 wavesrdistance = 4 x 4.0 x 200
=3200cm

= 32m

Answer is E.
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ENGAA S1 2018 - Question 28

28 Three detectors X, Y and £ are separated by large distances.

Each of the detectors records a seismic wave from the same earthquake whose epicentre
(source) is very close to the surface of the Earth.

The wave travels out from the epicentre at 4.0kms™.

Detectors X and Y start to detect the wave at the same time, but detector Z starts to detect it
one minute later.

Which of the following statements must be correct?

1 The epicentre is at the midpoint of the line XY.
2 Zis equidistant from X and Y.

3 Zisno more than 240 km away from X and from Y.

A none of them
B 1only

C Z2only

D 3only

E 1and2Z2only
F 1and3only
G 2and3only
H 1,2and3

ENGAA S1 2018 - Question 28 - Workedeqution

@ Not necessary as:
@ No, Z can be anywhere after X and Y.
@ No, as can be more than 240km

Answer is A.
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ENGAA S1 2016 - Question 12

12 Atransverse wave travelling through a medium has a frequency of 5.0 Hz, a wavelength of
4.0cm and an amplitude of 3.0cm.

What is the total distance travelled by a particle of the medium in one minute?

A 900cm

B 1200cm
C 1800cm
D 2400cm
E 3600cm
F 4800cm

ENGAA S1 2016 - Question 12 - Worked_ Solution

v = fA in the direction of the wave’s motion

BUT particles in the motion have no net movement

During one complete cycle a particie in‘the medium will be‘displaced from 0 to A
back to 0; to -A and finally backto.0.

This is a total distance of 4A.

This transverse v = 4Af

d=wvt
d =4 x30x50% 60
d =3600cm

Answer is E
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ENGAA S1 2016 - Question 28

28

A student carries out an experiment to measure the speed of sound. A loudspeaker that emits
sound in all directions is placed between two buildings that are 128 m apart as shown. The
student and loudspeaker are 48 m from one of the buildings.

128 m
building building
48m

student and
loudspeaker

The loudspeaker is connected to a signal generator that causes it to emit regular clicks. The
student notices that each click results in two echoes, one from each building. The rate at which
the clicks are produced is gradually increased from zero until each echo coincides with a new
click being emitted by the loudspeaker.

What is the frequency of emission of€lieks when this happens?

(The speed of sound in air = 320Mms )

A

& M m o O W

20Hz

25Hz

3.3Hz

4.0Hz

5.3Hz

6.7Hz

10Hz

ENGAA S1 2016 - Question 28 - Worked Solution

The two buildings are 48m and 80m away from the student

Sound will have to travel 96 or 160m to echo which will take 0.3s or 0.5s

The time between clicks therefore has 0.3s or 0.5s.

The minimum frequency when a click coincides with an echo is 2.0Hz

However for both echoes to coincide with a click, the clicks must occur every 0.1s or
at a frequency of 10.0Hz.

Answer is G.
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