
Worked Solutions for ENGAA Papers by Topic

Section 1

Topic: Mechanics

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 9

ENGAA S1 2020 - Question 9 - Worked Solution

Conservation of momentum
8 × 4 + 2 × (一1) = (8 + 2)v

: v = 3ms-1

Energies before & after

T = (8)(4)2 + (2)(1)2 = 65J

T 一 TI = 20J
Answer is C
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ENGAA S1 2020 - Question 11

ENGAA S1 2020 - Question 11 - Worked Solution
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distance / m40

10

0
5 10

time/s
accelerating

Constant u

a = 1.2ms一2

F = ma = 960N
Answer is D
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ENGAA S1 2020 - Question 15

ENGAA S1 2020 - Question 15 - Worked Solution

= 1000J
Eb —Ea = 1663000J

Answer is D
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ENGAA S1 2020 - Question 17

ENGAA S1 2020 - Question 17 - Worked Solution

Eafter = mgh + mv2 = 0.05 × 10 × (0.3 — 0.1) + × 0.05 × v2

Equating Eb = Ea

0.05 5 1
: = =

2 200 40

Answer is G
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ENGAA S1 2020 - Question 19

ENGAA S1 2020 - Question 19 - Worked Solution

using the product rule, F = = . v + . m

is a negative constant as the rocket is burning fuel.

m is decreasing so must be increasing in order to compensate.

Answer is A

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


ENGAA S1 2020 - Question 21

ENGAA S1 2020 - Question 21 - Worked Solution

Fo

75
w

30

E1 = mv12 + mgh

E2 =
1

mv22
2

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


Answer is B

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


ENGAA S1 2020 - Question 23

ENGAA S1 2020 - Question 23 - Worked Solution

Area factor → l2 → factor of 9

Thus 36N in piston x is 36 × 9N = 324N in piston y

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


→ Area increase,force decreased , lower piston distance

Answer is G

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


ENGAA S1 2020 - Question 29

ENGAA S1 2020 - Question 29 - Worked Solution

30N × 5m = 3 × 10 × 5 sin sin θ + × 3 × (72 — 32)

sin sin θ =
90

=
3

150 5
Weight acting down slope:
W I = W sin sin @

W I = 3kg × 10 ×sin sin @

= 30 ×
3

5
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W ′ = 18N
Answer is B
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ENGAA S1 2020 - Question 33

ENGAA S1 2020 - Question 33 - Worked Solution

u = 24
v = —24

a = —6000ms一1

use v2 —u2 = 2as
As this gives s = 0, since the ball is not a rigid body. To account for the compression of the
ball, we may split it into two parts.

242 —02 = 2(6000) . S1

242 —02 = 2(6000) . S2

Answer is C

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


ENGAA S1 2019 - Question 5

ENGAA S1 2019 - Question 5 - Worked Solution

R Ⅸ V2

(12V)2 = 1.44V2

R increases by 44%
Answer is C
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ENGAA S1 2019 - Question 14

ENGAA S1 2019 - Question 14 - Worked Solution

By Newton’s 2nd law:

: F = 8N
Answer is C

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


ENGAA S1 2019 - Question 32

ENGAA S1 2019 - Question 32 - Worked Solution

v2 —u2 = 2aS

0 velocity at the apex
Hence v2 = 0

S = 2000m
Answer is D
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ENGAA Specimen S1 - Question 2

ENGAA Specimen S1 - Question 2 - Worked Solution

Σ F = ma

900 —600 = 60a
a = 5.0ms一2 upwards

Answer is C

http://www.oxbridgemind.co.uk/
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ENGAA Specimen S1 - Question 10

ENGAA Specimen S1 - Question 10 - Worked Solution

F = ma

Note that v in this equation is the final velocity and is equal to 0.
vm

distance = IsI

Answer is C

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


ENGAA Specimen S1 - Question 22

ENGAA Specimen S1 - Question 22 - Worked Solution

Conservation of Momentum:
Total momentum before collision = Total momentum after collision

2 × 3 + 5 × (−r) = 2 × (−1) + 5 × (0.5r)
7.5r = 8

8 16
r = =

7.5 15
Answer is C

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


ENGAA Specimen S1 - Question 24

ENGAA Specimen S1 - Question 24 - Worked Solution

At terminal velocity air resistance = weight,
Therefore air resistance is same for both terminal velocities.

Answer is A

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


ENGAA Specimen S1 - Question 26

ENGAA Specimen S1 - Question 26 - Worked Solution

The box remains stationary until the force can overcome friction

Σ F = ma

As F increases, a also increases
So the acceleration increases

Answer is C
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ENGAA Specimen S1 - Question 28

ENGAA Specimen S1 - Question 28 - Worked Solution

Conservation of momentum:
m × 3 + m × 0 = m × 1 + m × v

v = 2ms一1

Answer is C

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


ENGAA Specimen S1 - Question 32

ENGAA Specimen S1 - Question 32 - Worked Solution

The elevator is accelerating downwards as the scales are exerting less than 600N reaction
force on the man.
NB: This does not mean the elevator is moving downwards

Answer is E

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


ENGAA Specimen S1 - Question 38

ENGAA Specimen S1 - Question 38 - Worked Solution

Answer is D

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


ENGAA Specimen S1 - Question 40

ENGAA Specimen S1 - Question 40 - Worked Solution

Σ F = ma on the whole train

15000 = (20000 + 5000 + 5000)a

Focusing on carriage 2

Σ F = ma

T = 5000 × 0.5
T = 2500 N

Answer is A

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


ENGAA S1 2018 - Question 12

ENGAA S1 2018 - Question 12 - Worked Solution

p = mv = 24 ①

②

①→②

v = 8
Sub into ①

Answer is A.

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


ENGAA S1 2018 - Question 22

ENGAA S1 2018 - Question 22 - Worked Solution

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


When w = kv2, skydiver reaches terminal velocity (constant)

From graph: v = gradient

Answer is B.

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


ENGAA S1 2018 - Question 32

ENGAA S1 2018 - Question 32 - Worked Solution

F = ma = 0⇒ resultant force is 0
B , C, D → could be true, but don’t have to be

Answer is F.
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ENGAA S1 2018 - Question 34

ENGAA S1 2018 - Question 34 - Worked Solution

Rod is inextensible → all blocks have same acceleration : a
F = ma

30 = 15a
a = 2ms一1

Now for Z
30 —T1 = ma = 2 × 2 = 4

T1 = 26N
For Y

T1 —T2 = ma
26 —T2 = 6 × 2

T2 = 14N
Answer is D.

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


ENGAA S1 2018 - Question 36

ENGAA S1 2018 - Question 36 - Worked Solution

Reduce moments about Y:
R(1 + 1 + 2) − 40g(1 + 2) − 10g(2) = 0

4R − 140g = 0
R = 35g

R = 350 N
Answer is F.

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


ENGAA S1 2018 - Question 38

ENGAA S1 2018 - Question 38 - Worked Solution

ΔEP = mgh
= WL sin sin @
Work done by friction:

W=FL
= kW sin sin @ L

ΔEx = ΔEP —W = WL sin sin @ —kW sin sin @
= (1 —k)WL sin sin @

Answer is B.

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


ENGAA S1 2018 - Question 40

ENGAA S1 2018 - Question 40 - Worked Solution

ΔP = FΔt , U = 4.5ms一1

mv —mu = FΔt
2(Vx —4.5) = 5 × 3

Vx = 12ms一1

Conservation of momentum:
MxVx = (Mx + Mt)Vxt

Answer is D.

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


ENGAA S1 2018 - Question 44

ENGAA S1 2018 - Question 44 - Worked Solution

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


So, at t = 0, Y has velocity -2v
After collision:

Vx = -v
(conserve momentum)

mv − 4vm = (−v)m + 2mvt

2vt = (1 − 4 + 1)v = −2v
vt = −v

Answer is F.
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ENGAA S1 2018 - Question 50

ENGAA S1 2018 - Question 50 - Worked Solution

Conserve momentum:
MU = —VM + MVm

Answer is E.

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


ENGAA S1 2017 - Question 6

ENGAA 2017 - Question 6 - Worked Solution

● Energy gained by car : ( GPE)
mgh

= 1200 × 10 × 1
12000J

● Conservation at energy:
Input Energy = Energy lost + Energy gained by car

28000 = Energy lost + 12000
Energy lost = 16000J

Energy lost = 16KJ (include the energy lost due to the efficiency of the motor)

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


Answer is D

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


ENGAA S1 2017 - Question 12

ENGAA 2017 - Question 12- Worked Solution

ΔCPE = mgh = 20 × 10 × 6 = 1200J

Efficiency =

rp = power
rp = 1V
V = 12V

0.8 =
ΔCPE

p × time
1200

0.8 =
1 × 12 × 5

0.8 =

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


I = 20 A
Answer is E

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


ENGAA S1 2017 - Question 22

ENGAA 2017 - Question 22 - Worked Solution

Mt = 3 × 130 + 7 × 30 = 600
Mp = 2 × 70 + 10N = 140 + 10N

Conserve momentum:
2Mt —5Mp = 0

→ 10N = 100
→ N = 10

Answer is C

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


3)

ENGAA S1 2017 - Question 24

ENGAA S1 2017 - Question 24 - Worked Solution

1)

Ex = × 72 × 52 = 900J

So False
2)

= (mgh)

= mgh

= mgv
= 72 × 10 × 5
3600Js一1

So True

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


The two forces act on the same body (parachutist) , so false.

Answer is C

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


ENGAA S1 2017 - Question 28

ENGAA S1 2017 - Question 28 - Worked Solution

VX = 1.5Vy

EX = MXVX2

= My VX)
2

= 1.8 × MXMy

= 1.8Ey

Answer is E

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


ENGAA S1 2017 - Question 30

ENGAA S1 2017 - Question 30 - Worked Solution

● External torque
T = 400g × 5
= 400 × 10 × 5

= 20000 Nm

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


● So need an clockwise torque to balance so need to move counterweight by Δx to
the right

T = 2000 ug × Δx
20000 = 2000 × 10 × Δx

Δx = 1m
Answer is B

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


ENGAA S1 2017 - Question 32

ENGAA S1 2017 - Question 32 - Worked Solution

● a = g, and constant → gradient is constant
● when ball falls back down, velocity is negative
● ball is thrown up, so initially velocity is positive

Answer is A

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


ENGAA S1 2017 - Question 34

ENGAA S1 2017 - Question 34 - Worked Solution

● Speed is constant
● So acceleration is 0
● F = ma , so resultant force is 0

Answer is C

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


ENGAA S1 2017 - Question 36

ENGAA S1 2017 - Question 36 - Worked Solution

● Moment = Perpendicular x distance
● Resolve moments about pivot

2 × 60 g = F sin sin (60) × 4
2 × 60 × 10

F =
sin sin (60) × 4

300=
sin sin (60)

Answer is E
ENGAA S1 2017 - Question 40

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


Answer is F

ENGAA S1 2017 - Question 40 - Worked Solution

● String is inextensible and pulley is smooth
→tension is uniform

● Resolve forces on load:
T = mg
→ T = 1x 10 = 10N

● So reading on force meter is 10N

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


ENGAA S1 2017 - Question 42

ENGAA S1 2017 - Question 42 - Worked Solution

ΔEP = mgh
= 0.1 × 10 × 4

= 4J

= 3.2J
Then work done against resistance is :

W = ΔEx —ΔEP
= 4 —3.2

= 0.8J
Answer is A

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


ENGAA S1 2017 - Question 46

ENGAA S1 2017 - Question 46 - Worked Solution

W = Area

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


= 38.4J
= Initial kinetic energy
At max height, 100w is at rest, so

ΔEP = ΔEx

= 160m
Answer is B

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


ENGAA S1 2017 - Question 48

ENGAA S1 2017 - Question 48 - Worked Solution

when θ = 20。
Resolving l to slope:

N =mgCOs COs (20)
Resolving ll to slope:

mg sin sin (20) —F = 0
mg sin sin (20) = μN

mg sin sin (20) = μmg COs COs (20)
μ =tan tan (20)

when θ = 25。

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


Resolving 丄 to slope:
N = mg Cos Cos (25)

Resolving Ⅱ to slope:
F = ma

mg sin sin (25) —μ(mg Cos Cos 25 ) = ma
g sin sin (25) —gμ Cos Cos (25) = a

g[sin sin (25) —tan tan (20) Cos Cos (25) ] = a
Answer is H

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


ENGAA S1 2017 - Question 52

ENGAA S1 2017 - Question 52 - Worked Solution

= F(t2 —t1)
Δp = mv —m(—u) = F(t2 —t1)

mv = F(t2 —t1) —mu
Answer is B

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


2)

ENGAA S1 2016 - Question 4

ENGAA S1 2016 - Question 4 - Worked Solution

1)
kinetic energy Ⅸ velocity2

So 1 can’t be true

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


Potential energy = mgh
If the x-axis were height the gradient would be mg = 20 × 10 = 200.
The gradient is 5 so 2 can’t be true.

3)
F=ma a=change in velocity/change in time

If the force is constant 100N and the mass 20kg the gradient will be 5 , so 3 can
be true.

4)
Work done = force x distance (does not depend on moon)
If force is 5N , the gradient will be 5
So 4 could be true.

3 & 4
Answer is F

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


ENGAA S1 2016 - Question 14

ENGAA S1 2016 - Question 14 - Worked Solution

g = 10
m = 5.0kg

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


a = 0.8ms一1

Tp — mg = ma
Tp — 50 = 4.0

Tp = 54N
T c = 2T p

The coupling must be able to with stand at least 108N
Answer is H

T
c

T
P

P

T
P

m

T
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ENGAA S1 2016 - Question 30

ENGAA S1 2016 - Question 30 - Worked Solution

1 is a result of = ma , Newton’s second law

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


2 is a result of ΣF = ma
3 states that the air resistance force is equal for the parachute and parachutist.
4 states that the force from the parachute on the parachutist is equal to the force
from the parachutist on the parachute, which is Newton’s third law.

S is a result of ΣF = ma
Only 4 is a direct result of the application of Newton’s third law.

Answer is C

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


ENGAA S1 2016 - Question 32

ENGAA S1 2016 - Question 32 - Worked Solution

T — mg = ma
T = 800 × 10 + 800 × 2

T = 9600N
Answer is C

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


ENGAA S1 2016 - Question 34

ENGAA S1 2016 - Question 34 - Worked Solution

W = Fd COS COSθ

W = 15 × 50 × 0.80 = 600J
The vertical component of the force = 50 sin 37 = 30N
The total downward force on the trolley = 380N
Thus the reaction force of the surface on the trolley = 380N

Answer is A

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


ENGAA S1 2016 - Question 36

ENGAA S1 2016 - Question 36 - Worked Solution

R

0.8 1.2
m △ x

m

R = 600+150 + 3501=501100N
Take moments about the pivot N

0.8 × 600 = 1.2 × 350 + x × 150

600 350
NN

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


480 = 420 + 150x
x = 0.4m

The center of gravity of the beam is 0.4m to the right of the pivot
NB : If CoG were to the left , x would have been negative.

Answer is H

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


ENGAA S1 2016 - Question 38

ENGAA S1 2016 - Question 38 - Worked Solution

ΔGPExy = mgΔh
= 200 × 10 × 6

= 12000J

= 5600J
12000 — 5600 = 6400J are lost to resistive forces

Answer is B

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


ENGAA S1 2016 - Question 46

ENGAA S1 2016 - Question 46 - Worked Solution

Conservation of momentum
Take going to the right as positive

m1u1 + m2u2 = m1v1 + m2v2

4 × 10 + 2 × 0 = 4 × v1 + 2 × 10
v1 = +5.0ms一1

kinetic energy before = × 4 × 102 = 200J

kinetic energy after = × 4 × 52 + × 2 × 102 = 150J

ΔE = 50J
Answer is E

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


ENGAA S1 2016 - Question 48

ENGAA S1 2016 - Question 48 - Worked Solution

The magnitude of the applied horizontal forces is √92 + 122 = 15.0N
The maximum frictional force = μmg = 0.25 × 2 × 10 = 5N
Therefore there is a resultant force of 10.0N 0n the object

Σ f = m a

a = 5ms一1

Answer is A

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


ENGAA S1 2016 - Question 50

ENGAA S1 2016 - Question 50 - Worked Solution

20 kg

30 kg
30o m

g m
g

Σ F = ma

Following mass :
mg — T = ma

30 × 10 — T = 30 × 2.5
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T = 225N
Mass on slope :

T — FR — mg sin sin θ = ma

225 — 100 — 50 = FR

FR = 75N
Answer is C

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


ENGAA S1 2016 - Question 52

ENGAA S1 2016 - Question 52 - Worked Solution

Beware : the mass of fuel has a speed of 1425ms-1 relative to the rocket, which itself
moving forward at 7425ms-1 when the fuel is ejected.
As a result , the fuel has a velocity of 6000ms-1 in the same direction as the rocket
relative to an observer outside the rocket.

(4000)(7425) = (ΔM)(6000) + (4000 — ΔM)(7500) BY Conservation of P
2.97 × 107 = 6000ΔM + 4000 × 7500 — 7500ΔM

2.97 × 107 = 3 × 107 — 1500ΔM
—3 × 10一5 = —7500ΔM

ΔM = 200 kg
Answer is E
Alternatively consider the problem in the rockets frame of the references , in which
the rocket is initially at rest.

v1 = 7500 — 7425 = 75ms一1

v2 = 1425ms一1

ΔMv2 = (M — ΔM)v1

1425ΔM = 75(4000 — ΔM)
1500ΔM = 3 × 105

ΔM = 200 kg
Note : This is called the center of mass frame

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