
ENGAA S1 2016 - Question 1

ENGAA S1 2016 - Question 1 - Worked Solution

− 8 < 6 − 𝑥
2

− 14 <− 𝑥
2

− 28 <− 𝑥

𝑥 < 28

Answer is G

Worked Solutions for ENGAA Past Papers
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ENGAA S1 2016 - Question 2

ENGAA S1 2016 - Question 2 - Worked Solution

82214𝑃𝑏→…→82210𝑃𝑏 + …

The lead-214 nuclide loses 4 nucleons so it emits 1 alpha particle. This would result in a

nuclide

80210𝑋

The proton number then increases by 2. This means 2 beta decays occur

1 α 𝑎𝑛𝑑 2 β

Answer is D
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ENGAA S1 2016 - Question 3

ENGAA S1 2016 - Question 3 - Worked Solution

3 − 2( )2
= 3

2
+ 2

2
− 2 3 2

= 3 + 2 − 2 6

= 5 − 2 2 3

Answer is B
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ENGAA S1 2016 - Question 4

ENGAA S1 2016 - Question 4 - Worked Solution
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1)

𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 ∝ 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦2

So 1 can’t be true

2)

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
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ENGAA S1 2016 - Question 5

ENGAA S1 2016 - Question 5 - Worked Solution

𝑄 : 𝑅 = 5 : 2

𝑅 : 5 = 3 : 10

𝑅 = 3
10 𝑆

𝑄 = 5
2 𝑅

𝑄 = 5
2 × 3

10 𝑆

𝑄 = 15
20 𝑆

𝑄 = 3
4 𝑆

𝑄 : 𝑆 = 3 : 4

Answer is C
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ENGAA S1 2016 - Question 6

ENGAA S1 2016 - Question 6 - Worked Solution

Diagram 1
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92235𝑈 + 11𝑃→2×01𝑛 + 55144𝐵𝑎 + 3689𝐾𝑟

The number of protons is not constant,

The nucleon number is also not constant

This is not possible

Diagram 2

92235𝑈 + 01𝑛→3×01𝑛 + 3896𝑆𝑟 + 54137𝑋𝑒

The number of proton and nucleons is constant

This is possible

Diagram 3

01𝑛 + 92235𝑈→3×01𝑛 + 3587𝐵𝑟 + 57145𝐿𝑎

This is not possible

2 only

Answer is C
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ENGAA S1 2016 - Question 7

ENGAA S1 2016 - Question 7 - Worked Solution

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑎𝑔𝑒 = 𝑚𝑒𝑎𝑛 𝑎𝑔𝑒×𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑒𝑜𝑝𝑙𝑒

𝐵𝑒𝑓𝑜𝑟𝑒 = 28×20 = 560

𝐴𝑓𝑡𝑒𝑟 = 30×22 = 660

𝑇ℎ𝑒 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑎𝑔𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑏𝑦 100

𝑇ℎ𝑒 𝑡𝑤𝑜 𝑛𝑒𝑤 𝑛𝑒𝑚𝑏𝑒𝑟𝑠 ℎ𝑎𝑣𝑒 𝑎 𝑚𝑒𝑎𝑛 𝑎𝑔𝑒 𝑜𝑓 50

Answer is E
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ENGAA S1 2016 - Question 8

ENGAA S1 2016 - Question 8 - Worked Solution

3. 0≤𝑅≤15. 0

For the maximum power in the resistor, find the maximum voltage across it5. 0Ω
By Kirchoff’s voltage law the sum of voltages across the resistors will be 24V

𝑉
𝑖

= 𝑉
𝑖𝑛

𝑅
𝑖

𝑅
𝑇

For maximum voltage across resistor, must be maximum so the variable resistor5Ω 5
𝑅

𝑇

must have the minimum resistance

𝑉
1

= 24× 5
8 = 15𝑉

       𝑃 = 𝑉2

𝑅 = 45𝑊
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Answer is D
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ENGAA S1 2016 - Question 9

ENGAA S1 2016 - Question 9 - Worked Solution

𝑉
𝑡+1

= 0. 8𝑉
𝑡

The value one year after is 0.8 x the value of the previous year

𝐴𝑓𝑡𝑒𝑟 2 𝑦𝑒𝑎𝑟𝑠 :  𝑉
2

= 0. 82 × 𝑉
𝑜

= ζ9600

∆𝑉 = 𝑉
𝑜

− 𝑉
1

= ζ5400

Answer is C
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ENGAA S1 2016 - Question 10

ENGAA S1 2016 - Question 10 - Worked Solution

𝑃 = 𝐾𝑅2𝑇4

𝑅1 = 100𝑅

𝑇1 = 𝑇
2

𝑃1 = 𝐾 100𝑅( )2 𝑇
2( )4

𝑃1 = 𝐾𝑅2𝑇4 × 1002

24

𝑃1 = 635𝑃

𝑃 = 4. 0×1026𝑤
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𝑃1 = 2. 5×1029𝑤

Answer is D
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ENGAA S1 2016 - Question 11

ENGAA S1 2016 - Question 11 - Worked Solution

𝐵𝐶 = 𝐴𝐵 sin 𝑠𝑖𝑛 60 

𝐵𝐶 = 4𝑘𝑚× 3
2

𝐵𝐶 = 2 3𝑘𝑚

Answer is B

http://www.oxbridgemind.co.uk


ENGAA S1 2016 - Question 12

ENGAA S1 2016 - Question 12 - Worked Solution

in the direction of the wave’s motion𝑣 = 𝑓λ
BUT particles in the motion have no net movement

During one complete cycle a particle in the medium will be displaced from 0 to A back to

01 to  -A and finally back to 0.

This is a total distance of 4A.

This transverse v = 4Af

𝑑 = 𝑣𝑡

𝑑 = 4×3. 0×5. 0×60

𝑑 = 3600𝑐𝑚

Answer is E

http://www.oxbridgemind.co.uk


ENGAA S1 2016 - Question 13

ENGAA S1 2016 - Question 13 - Worked Solution

𝑥∝ 1
𝑦

𝑥 = 𝐾
𝑦

8 = 𝐾
9

8 = 𝐾
3

𝐾 = 24

6 = 𝐾
𝑦

6 = 24
𝑦

𝑦 = 24
6( )2

= 16
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Answer is F
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ENGAA S1 2016 - Question 14
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ENGAA S1 2016 - Question 14 - Worked Solution

𝑔 = 10

𝑚 = 5. 0𝑘𝑔

𝑎 = 0. 8𝑚𝑠−1

𝑇
𝑃

− 𝑚𝑔 = 𝑚𝑎

𝑇
𝑃

− 50 = 4. 0

𝑇
𝑃

= 54𝑁

𝑇
𝐶

= 2𝑇
𝑃

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

Answer is H
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ENGAA S1 2016 - Question 15

ENGAA S1 2016 - Question 15 - Worked Solution

𝐴 = 1
2 × 𝑥 + 5 + 𝑥 − 1( )

𝐴 = 1
2 × 2𝑥 + 4( )

𝐴 = 𝑥 𝑥 + 2( )

𝑥2 + 2 = 120

𝑥 + 1( )2 − 12 = 120

𝑥 + 1 = 121

𝑥 =− 1±11
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𝑥 = 10     (𝑚𝑢𝑠𝑡 𝑏𝑒 + 𝑣𝑒)

𝑅𝑆 = 𝑥 + 5 = 15𝑐𝑚

Answer is E
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ENGAA S1 2016 - Question 16
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ENGAA S1 2016 - Question 16 - Worked Solution

The heater is R1

𝑃 = 𝑉2

𝑅 = ∆𝐸
∆𝑡

180𝐽
180𝑠 =

𝑉
1

2

𝑅
1

= 𝐼𝑉
1

𝐼 = 6.0𝑉
15Ω

𝑉
1

= 15
6         𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑎𝑐𝑟𝑜𝑠𝑠 𝑡ℎ𝑒 ℎ𝑒𝑎𝑡𝑒𝑟

∆𝑄 = 𝐼∆𝑡 = 6
15 ×180 = 72𝐶

𝑉
1

= 2. 5𝑉

Answer is F
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ENGAA S1 2016 - Question 17

ENGAA S1 2016 - Question 17 - Worked Solution

𝑎 = 𝑏2+2

3𝑏2−1

𝑎 3𝑏2 − 1( ) = 𝑏2 + 2

3𝑎𝑏2 − 𝑎 = 𝑏2 + 2

3𝑎 − 1( )𝑏2 − 𝑎 − 2 = 0

3𝑎 − 1( )𝑏2 = 𝑎 + 2

𝑏2 = 𝑎+2
3𝑎−1

𝑏 = ± 𝑎+2
3𝑎−1
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Answer is B
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ENGAA S1 2016 - Question 18

ENGAA S1 2016 - Question 18 - Worked Solution

𝑉
𝑐𝑢𝑏𝑒

= 103 − 52×10 = 750𝑐𝑚3

750𝑐𝑚3×𝑃×10 𝑁
𝑘𝑔 = 30𝑁

𝑃 = 0. 004𝑘𝑔𝑐𝑚−3
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𝑃 = 4𝑔𝑐𝑚−3

Answer is F
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ENGAA S1 2016 - Question 19

ENGAA S1 2016 - Question 19 - Worked Solution

𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 = 5𝑚

2π𝑟 = 5

𝑟 = 5
2π

𝑣 = π𝑟2ℎ

ℎ = 10𝑚
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𝑣 = 5
2π( )2

×π×10

𝑣 = 250
4π

𝑣 = 125
2π

Answer is C
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ENGAA S1 2016 - Question 20

ENGAA S1 2016 - Question 20 - Worked Solution
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As P & Q are hotter than their surroundings, they lose heat by convection.

As S & Q are dull, they act more like black bodies than P & R. Therefore they radiate

more heat than if they were shiny.

S radiates heat at the highest rare as it has the highest temperature.

NB: S will gain the heat it radiates back by convection, so although it radiates heat it will

maintained a constant temperature

Answer is D
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ENGAA S1 2016 - Question 21

ENGAA S1 2016 - Question 21 - Worked Solution

4 + 4−𝑥2

𝑥2−2𝑥

= 4 + 2+𝑥( ) 2−𝑥( )
𝑥 𝑥−2( )

= 4 − 2+𝑥
𝑥

= 4 − 2
𝑥 − 1

= 3 − 2
𝑥

Answer is A
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ENGAA S1 2016 - Question 22

ENGAA S1 2016 - Question 22 - Worked Solution

Distance = area between v – t curve and t – axis regardless of above or below t – axis

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 1
2 ×8×20 + 1

2 ×2×10
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𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 80 + 10 = 90𝑚

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑒𝑒𝑑 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒÷𝑡𝑖𝑚𝑒 = 90
30 = 3𝑚𝑠−1

Distance from starting position = area between v – t curve and t – axis taking area under

the t – axis as – ve

= 1
2 ×8×20 − 1

2 ×2×10

= 70𝑚

Answer is A
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ENGAA S1 2016 - Question 23

ENGAA S1 2016 - Question 23 - Worked Solution

120 students

46 𝑔𝑖𝑟𝑙𝑠      ∴74 𝑏𝑜𝑦𝑠

36 choose tennis and 27 choose archery

∴120 − 36 − 27 = 57   𝑐ℎ𝑜𝑜𝑠𝑒 𝑠𝑤𝑖𝑚𝑖𝑛𝑔

choose swimming25 𝑔𝑖𝑟𝑙𝑠 𝑐ℎ𝑜𝑜𝑠𝑒 𝑠𝑤𝑖𝑚𝑖𝑛𝑔 ∴57 − 25 = 32 𝑏𝑜𝑦𝑠
𝑃 𝑠𝑤𝑖𝑚𝑚𝑖𝑛𝑔

𝑏𝑜𝑦 = 32
74 = 16

37( )
Answer is D
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ENGAA S1 2016 - Question 24

ENGAA S1 2016 - Question 24 - Worked Solution

Let the volume = V

The mass of tin = 0.1VY = MT

The mass of copper = 0.9 VX = Mc

The total mass = (0.1Y+0.9X)V = M
𝑀

𝑇

𝑀 = 0.1𝑌𝑉
0.1𝑌+0.9𝑋( )𝑉

𝑀
𝑇

𝑀 = 𝑌
𝑌+9𝑋 ×100%

Answer is G
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ENGAA S1 2016 - Question 25

ENGAA S1 2016 - Question 25 - Worked Solution

92𝑛+1×34−3𝑛

272−𝑛

= 32( )
2𝑛+1

×34−3𝑛

33( )
2−𝑛

= 34𝑛+1+4−3𝑛−6+3𝑛

= 34𝑛

Answer is D

http://www.oxbridgemind.co.uk


ENGAA S1 2016 - Question 26

ENGAA S1 2016 - Question 26 - Worked Solution

The particles has a relative mass of 4 and the Th – 234  has a relative mass of 234α
By conservation of momentum

http://www.oxbridgemind.co.uk


4ν
α

= 234ν
𝑇

ν
𝑇

= 4
234 ν

α

1
2 ×4×ν

α
2 + 1

2 ×234×ν
𝑇

2 = 𝐸

2ν
α

2 + 1
2 ×234× 4

234( )2
ν

α
2 = 𝐸

𝐸
α

= 2ν
α

2

𝐸 = ν
α

2 2 + 8
234( )

𝐸
α

= 2𝐸
2+ 8

234

= 234
238 𝐸

Answer is D
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ENGAA S1 2016 - Question 27
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ENGAA S1 2016 - Question 27 - Worked Solution

∠𝑅𝑄𝑇 = ∠𝑄𝑇𝑅 = 𝑦

2𝑦 + 𝑥 = 180

∠𝑅𝑄𝑃 + ∠𝑅𝑄𝑇 = 180

∠𝑅𝑄𝑃 = 𝑛−2( ) 180( )
𝑛 = 180 1 − 2

𝑛( )
∠𝑅𝑄𝑇 = 180 − ∠𝑅𝑄𝑃

             = 180 − 180 1 − 2
𝑛( )

             = 2
𝑛 ×180°

𝑦 = 360
𝑛

𝑥 = 180 − 2𝑦

𝑥 = 180 − 720
𝑛

720
𝑛 = 180 − 𝑥

𝑛 = 720
180−𝑥

Answer is E
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ENGAA S1 2016 - Question 28

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
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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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ENGAA S1 2016 - Question 29

ENGAA S1 2016 - Question 29 - Worked Solution

23 + 𝑝×22 + 2𝑞 + 𝑝2 = 0    −−− ①

13 + 𝑝×12 + 1𝑞 + 𝑝2 =− 3. 5  −−−− ②

① − 2×②

6 + 2𝑝 − 𝑝2 = 7

𝑝2 − 2𝑝 + 1 = 0

𝑝 − 1( )2 − 12 + 1 = 0

𝑝 − 1( )2 = 0

𝑝 = 1

Answer is C
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ENGAA S1 2016 - Question 30
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ENGAA S1 2016 - Question 30 - Worked Solution

1 is a result of , Newton’s second law𝐹 = 𝑚𝑎
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 31

ENGAA S1 2016 - Question 31 - Worked Solution

The square has a side length 6.

If the circle is fully inside the square and its diameter is equal to the side length of the

square then its center must be at the center of the square.

The center of the square is either at ( - 2 , 3 ) or ( - 2 , -  3)

𝑡ℎ𝑒 𝑐𝑖𝑟𝑐𝑙𝑒 ℎ𝑎𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 :  𝑥 + 2( )2 + 𝑦 − 3( )2 = 32 ,  𝑜𝑟 𝑥 + 2( )2 + 𝑦 + 3( )2 = 32

𝑥2 + 4𝑥 + 4 + 𝑦2 − 6𝑦 + 9 = 9

𝑥2 + 4𝑥 + 4 + 𝑦2 + 6𝑦 + 9 = 9

Only C is either of the possible equations

Answer is C
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ENGAA S1 2016 - Question 32

ENGAA S1 2016 - Question 32 - Worked Solution

𝑇 − 𝑚𝑔 = 𝑚𝑎

𝑇 = 800×10 + 800×2
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𝑇 = 9600𝑁

Answer is C
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ENGAA S1 2016 - Question 33

ENGAA S1 2016 - Question 33 - Worked Solution

𝑎 = 8

𝑎𝑟4 = 2

𝑟 > 0 ,  𝑟∈𝑅

8𝑟4 = 2

𝑟4 = 1
4

𝑟 = 1
4( )

1
4

𝑟 = 2
2

𝑆
∞

= 𝑎
1−𝑟
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𝑆
∞

= 16 + 8 2

𝑆
∞

= 8 2 + 2( )
Answer is C
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ENGAA S1 2016 - Question 34

ENGAA S1 2016 - Question 34 - Worked Solution

𝑊 = 𝐹𝑑 cos 𝑐𝑜𝑠 θ 

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 35

ENGAA S1 2016 - Question 35 - Worked Solution
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𝐴𝑃 = 10𝑐𝑚      𝐴𝐶 = 10𝑐𝑚

𝑃𝐵 = 𝑃𝐷 = 𝑥

𝑥2 + 𝑟2 = 202

𝑥2 = 300

𝑥 = 10 3𝑐𝑚

cos 𝑐𝑜𝑠 θ
2 = 1

2  

θ
2 = π

3

θ = 2π
3

The area of the shaded area is equal to the area of the triangle with vertices PBD

subtract the area of the segment of the circle formed by ABD, denoted by V.

That is equal to the sector of the circle formed by BCD subtract the area of the triangle

with vertices BCD, shown as W.

𝐴
𝑃𝐵𝐷

= 1
2 𝑥2 sin 𝑠𝑖𝑛 60 °

           = 1
2 ×300× 3

2

           = 75 3
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𝐴
𝑠𝑒𝑐𝑡𝑜𝑟

= π𝑟2 × 2π/3
2π = π𝑟2

3 = 100π
3

𝐴
𝑊

= 1
2 𝑟2 sin 𝑠𝑖𝑛 2π

3 = 1
2 ×100× 3

2 = 25 3 

𝐴
𝑉

= 100 π
3 − 25 3

𝐴
𝑠ℎ𝑎𝑑𝑒𝑑

= 75 3 − 100 π
3 − 25 3( )

                = 100 3 − 100 π
3

                = 100
3 3 3 − π( )

Answer is A
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ENGAA S1 2016 - Question 36

ENGAA S1 2016 - Question 36 - Worked Solution
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𝑅 = 600 + 150 + 350 = 1100𝑁

Take moments about the pivot

0. 8×600 = 1. 2×350 + 𝑥×150

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
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ENGAA S1 2016 - Question 37

ENGAA S1 2016 - Question 37 - Worked Solution

7 cos 𝑐𝑜𝑠 θ − 3 tan 𝑡𝑎𝑛 θ sin 𝑠𝑖𝑛 θ = 1

7 cos 𝑐𝑜𝑠 θ − 3 sin𝑠𝑖𝑛 θ 
cos𝑐𝑜𝑠 θ sin 𝑠𝑖𝑛 θ = 1

7𝑐𝑜𝑠2θ − 3𝑠𝑖𝑛2θ = cos 𝑐𝑜𝑠 θ 

7𝑐𝑜𝑠2θ − 3 1 − 𝑐𝑜𝑠2θ( ) = cos 𝑐𝑜𝑠 θ 

𝐿𝑒𝑡 𝑢 = cos 𝑐𝑜𝑠 θ 

7𝑢2 − 3 + 3𝑢2 = 𝑢

10𝑢2 − 𝑢 − 3 = 0

𝑢 = 1± 12−4 10( ) −3( )
20

𝑢 = 1± 121
20

𝑢 = 1±11
20

𝑢 = 12
20    ,     𝑢 = 10

20

cos 𝑐𝑜𝑠 θ = 3
5    ,    cos 𝑐𝑜𝑠 θ  =− 1

2
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Answer is D
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ENGAA S1 2016 - Question 38

ENGAA S1 2016 - Question 38 - Worked Solution

∆𝐺𝑃𝐸
𝑋𝑌

= 𝑚𝑔∆ℎ

                 = 200×10×6

                 = 12000𝐽

∆𝐸𝐾
𝑋𝑌

= 1
2 ×200× 92 − 52( )

               = 5600𝐽

12000 − 5600 = 6400𝐽  𝑎𝑟𝑒 𝑙𝑜𝑠𝑡 𝑡𝑜 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑒 𝑓𝑜𝑟𝑐𝑒𝑠

Answer is B
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ENGAA S1 2016 - Question 39

ENGAA S1 2016 - Question 39 - Worked Solution

3𝑥2 = 𝑎 + 2( )𝑥 − 3

3𝑥2 − 𝑎 + 2( )𝑥 + 3 = 0

𝐹𝑜𝑟 α𝑥2 + β𝑥 + γ = 0 𝑡𝑜 ℎ𝑎𝑣𝑒 𝑡𝑤𝑜 𝑟𝑒𝑎𝑙 𝑟𝑜𝑜𝑡𝑠

β2 − 4αγ > 0

𝑎 + 2( )2 − 4 3( ) 3( ) > 0

𝑎2 + 4𝑎 + 4 − 36 > 0

𝑎2 + 4𝑎 − 32 > 0
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𝑎 − 4( ) 𝑎 + 8( ) > 0

Answer is G
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ENGAA S1 2016 - Question 40

ENGAA S1 2016 - Question 40 - Worked Solution

P acts to the right, therefore there must be a force to the left to counteract it as the cube

I > in

equilibrium.

The normal reaction force can only act straight upwards.

This force must therefore be friction

1 is false

2 is true

3 is false
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4 is false as P is not perpendicular to any sides of the cube.

Answer is B
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ENGAA S1 2016 - Question 41

ENGAA S1 2016 - Question 41 - Worked Solution

Since the lines are perpendicular , the product of their gradients is -1.

𝑚𝑝 =− 1  −−−− ①

To find the x intercepts, set y to 0.

0 = 𝑚𝑥 + 3 =>   𝑥 =− 3
𝑚 => 𝐿≫ − 3

𝑚 , 0( )
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0 = 𝑝𝑥 + 2 => 𝑥 =− 2
𝑝  =>   𝑀 => − 2

𝑝 , 0( )
𝐿𝑀 = 5

− 2
𝑝 + 3

𝑚 = 5

3𝑝−2𝑚
𝑚𝑝 = 5

3𝑝 − 2𝑚 =− 5

3𝑝 + 2
𝑝 =− 5

3𝑝2 + 5𝑝 = 2 = 0

3𝑝 + 2( ) 𝑝 + 1( ) = 0

𝑝 =− 2
3   ,   𝑝 =− 1

=>   𝑚 = 3
2    ,  𝑚 = 1  𝑏𝑢𝑡 𝑚≠1

∴𝑝 =− 2
3    ,   𝑚 = 3

2

𝑚 + 𝑝 = 5
6

Answer is D
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ENGAA S1 2016 - Question 42

ENGAA S1 2016 - Question 42 - Worked Solution

Assuming the blocks are uniform:

𝐺𝑃𝐸
1

= 𝑚𝑔 𝑏
2 + 3𝑏

3( ) = 2𝑚𝑔𝑏
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𝐺𝑃𝐸
2

= 𝑚𝑔 𝑎
2 + 3𝑎

2( ) = 2𝑚𝑔𝑎

𝐺𝑃𝐸
2

− 𝐺𝑃𝐸
1

= 2𝑚𝑔 𝑎 − 𝑏( )

Answer is A
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ENGAA S1 2016 - Question 43

ENGAA S1 2016 - Question 43 - Worked Solution

𝑓 𝑥( ) = 𝑥3 − 𝑎2𝑥

𝑓'𝑥 = 3𝑥2 − 𝑎2

𝑓'𝑥 = 3 𝑥2 − 𝑎
3( )2( ) > 0

3 𝑥2 − 𝑎
3( )2( ) > 0

3 𝑥 + 𝑎
3( ) 𝑥 − 𝑎

3( ) > 0
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𝑥≤ − 𝑎
3

  ,  𝑥≥ 𝑎
3

Answer is G
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ENGAA S1 2016 - Question 44

ENGAA S1 2016 - Question 44 - Worked Solution

Use suvats              Take as upward as +ve

𝑣2 = 𝑢2 + 2𝑎𝑠

𝑎 =− 10𝑚𝑠−2

𝑢 = 8. 0𝑚𝑠−1

22 = 82 − 2×10×ℎ

20ℎ = 82 − 22 = 60

ℎ = 3. 0𝑚

𝑠 = 𝑢𝑡 + 1
2 𝑎𝑡2

3 = 8𝑡 − 5𝑡2
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5𝑡2 − 8𝑡 + 3 = 0

𝑡2 − 8
5 𝑡 + 3

5 = 0

𝑡 − 4
5( )2

− 4
5( )2

+ 3
5 = 0

𝑡 − 4
5( )2

= 16
25 − 3

5

𝑡 − 4
5( )2

= 1
25

𝑡 − 4
5 = ± 1

5

𝑡 = 1𝑠,   𝑡 = 3
5 𝑠    𝑇ℎ𝑒 𝑙𝑎𝑡𝑒𝑟 𝑡𝑖𝑚𝑒 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑡ℎ𝑒 𝑤𝑎𝑦 𝑑𝑜𝑤𝑛

Answer is G
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ENGAA S1 2016 - Question 45

ENGAA S1 2016 - Question 45 - Worked Solution

First the translation

This transforms the curve into

As this is a shift to the right by 4 and up by 3.𝑦 = 𝑥 − 4( )2 + 3
Then the reflection, the bottom point of the curve is 4 units above the line y = - 1 and it

is a positive quadratic.

After the reflection it will be 4 units below the line and a negative quadratic.

𝑦 =− 𝑥 − 4( )2 − 5

Answer is E
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ENGAA S1 2016 - Question 46

ENGAA S1 2016 - Question 46 - Worked Solution

Conservation of momentum

Take going to the right as positive

𝑚
1
𝑢

1
+ 𝑚

2
𝑢

2
= 𝑚

1
𝑣

1
+ 𝑚

2
𝑣

2

4×10 + 2×0 = 4×𝑣
1

+ 2×10

𝑣
1

=+ 5. 0𝑚𝑠−1

𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑏𝑒𝑓𝑜𝑟𝑒 =  1
2 ×4×102 = 200𝐽

𝐾𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑎𝑓𝑡𝑒𝑟 =  1
2 ×4×52 + 1

2 ×2×102 = 150𝐽

∆𝐸 = 50𝐽
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Answer is E
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ENGAA S1 2016 - Question 47

ENGAA S1 2016 - Question 47 - Worked Solution

2𝑥4 − 9𝑥2 + 4 > 0

𝐿𝑒𝑡  𝑢 = 𝑥2

2𝑢2 − 9𝑢 + 4 > 0

2𝑢 − 1( ) 𝑢 − 4( ) > 0

𝑢 = 1
2  ,  𝑢 = 4  𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑒𝑞𝑢𝑎𝑙𝑠 0

𝑥2 = 1
2  ,  𝑥2 = 4

𝑥 = 1
2

  ,  − 1
2

 ,  2 ,  − 2

𝑥 <− 2 ,  − 1
2

 ,  𝑥 > 2

Answer is C
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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

∑ 𝑓 = 𝑚𝑎

𝑎 = 5𝑚𝑠−1

Answer is A
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ENGAA S1 2016 - Question 49

ENGAA S1 2016 - Question 49 - Worked Solution

The cursor is at the point , ( x , 10 ) when 𝑥≤0
The distance parallel to the y axis from the curve to the cursor

𝑠 = 10 − 4𝑥3 − 12𝑥2 − 36𝑥 − 15( )
𝑠 =− 4𝑥3 + 12𝑥2 = 36𝑥 + 25

𝑑𝑠
𝑑𝑥 =− 12𝑥2 + 24𝑥 + 36

𝑡𝑜 𝑓𝑖𝑛𝑑 𝑠
𝑚𝑖𝑛

 ,  𝑠𝑒𝑡 𝑑𝑠
𝑑𝑥  𝑡𝑜 0

− 12𝑥2 + 24𝑥 + 36 = 0

− 12 𝑥2 − 2𝑥 − 3( ) = 0

𝑥 − 3( ) 𝑥 + 1( ) = 0

𝑥 = 3  ,    𝑥 =− 1

𝑥 = 3 𝑐𝑎𝑛'𝑡 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑎𝑠 𝑡ℎ𝑒 𝑐𝑢𝑟𝑠𝑜𝑟 𝑚𝑜𝑣𝑒𝑠 𝑖𝑛 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑥

Verify x = -1 is in fact a minimum by evaluating the second derivative
𝑑2𝑠

𝑑2𝑥
=− 24𝑥 + 24 = 48 > 0
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𝑠 =− 4 − 1( )3 + 12 − 1( )2 + 36 − 1( ) + 25

𝑠 = 4 + 12 − 36 + 25 = 5

Answer is B
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ENGAA S1 2016 - Question 50

ENGAA S1 2016 - Question 50 - Worked Solution
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∑ 𝐹 = 𝑚𝑎

Following mass :

𝑚𝑔 − 𝑇 = 𝑚𝑎

30×10 − 𝑇 = 30×2. 5

𝑇 = 225𝑁

Mass on slope :

𝑇 − 𝐹
𝑅

− 𝑚𝑔 sin 𝑠𝑖𝑛 θ = 𝑚𝑎

225 − 𝐹
𝑅

− 20×10× 1
2 = 20×2. 5

225 − 100 − 50 = 𝐹
𝑅

𝐹
𝑅

= 75𝑁

Answer is C
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ENGAA S1 2016 - Question 51

ENGAA S1 2016 - Question 51 - Worked Solution

3 𝑦 − 1( )2 + 4 = 7

3 𝑦 − 1( )2 = 3

𝑦 − 1( )2 = 1

𝑦 = 1±1
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𝑦 = 0  ,   𝑦 = 2

Imagine the line x = 7 as the x axis.

The area enclosed by the parabola and x = 7 is the same as the𝑥 = 3 𝑦 − 1( )2 + 4
area enclosed by the x axis and the parabola 𝑦 = 3 − 3𝑥2

𝐴 =
−1

1

∫ 3 − 3𝑥2𝑑𝑥

𝐴 = 3𝑥 − 𝑥3[ ]−1

1

𝐴 = 3 − 1( ) − − 3 − − 1( )( )

𝐴 = 2 − − 2( )

𝐴 = 4

Answer is A
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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( ) = ∆𝑀( ) 6000( ) + 4000 − ∆𝑀( ) 7500( )  𝐵𝑦 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑃

2. 97×107 = 6000∆𝑀 + 4000×7500 − 7500∆𝑀

2. 97×107 = 3×107 − 1500∆𝑀

− 3×10−5 =− 7500∆𝑀

∆𝑀 = 200 𝑘𝑔

Answer is E

Alternatively consider the problem in the rockets frame of the references , in which the

rocket is initially at rest.

𝑣
1

= 7500 − 7425 = 75𝑚𝑠−1

http://www.oxbridgemind.co.uk


𝑣
2

= 1425𝑚𝑠−1

∆𝑀𝑣
2

= 𝑀 − ∆𝑀( )𝑣
1

1425∆𝑀 = 75 4000 − ∆𝑀( )

1500∆𝑀 = 3×105

∆𝑀 = 200 𝑘𝑔

Note : This is called the center of mass frame
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ENGAA S1 2016 - Question 53

ENGAA S1 2016 - Question 53 - Worked Solution

𝑦 = 3𝑥4 − 4𝑥3 − 12𝑥2 + 20
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As the curve is a quadratic it has this form with 2 minima and one maximum. The exact

shapes does not matter only that it is positive.

For y = k to have 4 real roots , the line y = k must intersect

4 times. K must be higher than both of the minimum𝑦 = 3𝑥4 − 4𝑥3 − 12𝑥2 + 20
values and lower than the maximum value.

𝑇𝑜 𝑓𝑖𝑛𝑑 𝑡ℎ𝑒 𝑒𝑥𝑡𝑟𝑒𝑚𝑎,  𝑠𝑒𝑡 𝑑𝑦
𝑑𝑥  𝑡𝑜 0 

𝑑𝑦
𝑑𝑥 = 12𝑥3 − 12𝑥2 − 24𝑥 = 0

𝑥 12𝑥2 − 12𝑥 − 24( ) = 0

12𝑥 𝑥 + 1( ) 𝑥 − 2( ) = 0

𝑥 = 0 ,  𝑥 =− 1 ,  𝑥 = 2

The y values of these points are : 20 , 15 , and -12 respectively.

∴𝑘 >− 12 ,  𝑘 > 15 ,  𝑘 < 20

15 < 𝑘 < 20

Answer is C
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ENGAA S1 2016 - Question 54

ENGAA S1 2016 - Question 54 - Worked Solution

𝑇 sin 𝑠𝑖𝑛 θ = 40

𝑇 cos 𝑐𝑜𝑠 θ = 30

tan 𝑡𝑎𝑛 θ = 4
3

ℎ = 0. 35 sin 𝑠𝑖𝑛 θ 

sin 𝑠𝑖𝑛 θ = 4
5

ℎ = 0. 28𝑚

The object is 0.07m higher in the new equilibrium

∆𝐺𝑃𝐸 = 𝑚𝑔∆ℎ = 40×0. 07 = 2. 8𝐽

Answer is B
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ENGAA S2  2016 - Question 1

ENGAA S2 2016 - Question 1 - Worked Solution

a)

A stiffer sample will require more force to extend it to a given extension.

The sample with the highest Tension extension gradient 1 ,  S1

Answer is A
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b)

Hooke’s law states that force is proportional to extension.

Strain =  extension / original length

2/strain => 2mm extension

52 is not a straight line until 2mm, thus it does not obey Hooke’s law

Answer is B
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c)

σ
1
 𝑆𝑡𝑟𝑒𝑠𝑠 = 𝑓𝑜𝑟𝑐𝑐𝑒÷𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎

ε
1
 𝑠𝑡𝑟𝑎𝑖𝑛 = 𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛÷𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ

Young’s modulus , 𝐸 = σ
ε

In the straight line portion of 53’s curve, it reaches 250N tension at 5mm

extension

σ = 250÷ 5×10−3( )
2

= 107 𝑃𝑎

ε = 5÷100 = 0. 05

𝐸 = σ
ε = 2×108 𝑃𝑎 = 200𝑀𝑃𝑎

Answer is A
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d)

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒,  𝑊 = ∫ 𝑇 𝑑𝑥

𝑊 =
0

10−2

∫ 𝑎𝑥 − 𝑏𝑥2 𝑑𝑥

𝑊 = 1
2 𝑎𝑥2 − 1

3 𝑏𝑥3⎡
⎣

⎤
⎦0

10−2

𝑊 = 𝑎
2 × 10−4 − 𝑏

3 × 10−6 𝑁𝑚

Answer is A
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ENGAA S2  2016 - Question 2

ENGAA S2 2016 - Question 2 - Worked Solution

a) by Kirchoff’s voltage law

Answer is F
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b)

For resistance in parallel:

1
𝑅

𝑒
=

𝑖
∑ 1

𝑅
𝑖

1
𝑅

𝑒
= 1

𝑅
2

+ 1
𝑅

3

𝑅
𝑒

=
𝑅

2
𝑅

3

𝑅
2
+𝑅

3

For resistance in series:
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𝑅
𝑇

=
𝑖

∑ 𝑅
𝑖

The total resistance of the circuit

𝑅
𝑇

= 𝑅
1

+
𝑅

2
𝑅

3

𝑅
2
+𝑅

3

𝑇ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 = 𝑉
𝑅

𝑇

The current is the same everywhere in a series circuit

𝐼 = 𝑉

𝑅
1
+

𝑅
2
𝑅

3

𝑅
2
+𝑅

3

=
𝑉 𝑅

2
+𝑅

3( )
𝑅

1
𝑅

2
+𝑅

1
𝑅

3
+𝑅

2
𝑅

3

Answer is A
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c)

𝑅
1

= 𝑅
2

𝐼
1

= 𝐼
2

+ 𝐼
3
       𝑏𝑦 𝐾𝑖𝑟𝑐ℎ𝑜𝑓𝑓'𝑠 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑙𝑎𝑤

𝐼
1
𝑅

1
+ 𝐼

3
𝑅

3
= 𝑉    𝑏𝑦 𝐾𝑖𝑟𝑐ℎ𝑜𝑓𝑓'𝑠 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑙𝑎𝑤

𝐼
1

=
𝑉 𝑅

1
+𝑅

3( )
𝑅

1
𝑅

1
+2𝑅

3( )
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𝐼
1
𝑅

1
=

𝑉 𝑅
1
+𝑅

3( )
𝑅

1
+2𝑅

3( )

𝐼
3

= 𝑉
𝑅

3
1 −

𝑅
1
+𝑅

3

𝑅
1
+2𝑅

3
( )

𝐼
3

= 𝑉
𝑅

3

𝑅
1
+2𝑅

3
−𝑅

1
−𝑅

3

𝑅
1
+2𝑅

3
( )

𝐼
3

= 𝑉
𝑅

1
+2𝑅

3

𝑃 = 𝐼
3

2𝑅
3

=
𝑉2𝑅

3

𝑅
1
+2𝑅

3( )2

Answer is D

http://www.oxbridgemind.co.uk


d)

𝑇𝑜 𝑓𝑖𝑛𝑑 𝑃
𝑚𝑎𝑥 

 ,  𝑠𝑒𝑡 𝑑𝑃
𝑑𝑅

3
  𝑡𝑜 0

𝑑𝑃
𝑑𝑅

3
= 1

𝑅
1
+2𝑅

3( )4 𝑅
1

+ 2𝑅
3( )2 − 𝑅

3
×4 𝑅

1
+ 2𝑅

3( )⎡⎢⎣
⎤⎥⎦

𝑑𝑃
𝑑𝑅

3
=

𝑅
1
+2𝑅

3
−4𝑅

3

𝑅
1
+2𝑅

3( )3

         =
𝑅

1
−2𝑅

3

𝑅
1
+2𝑅

3( )3 = 0

𝑅
1

= 2𝑅
3

𝑅
3

=
𝑅

1

2

Answer is B
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ENGAA S2  2016 - Question 3

ENGAA S2 2016 - Question 3 - Worked Solution

a)

𝑑 = 𝑣𝑡 = 3. 0×108×1. 0×10−9 = 0. 3𝑚

Answer is C
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b)

𝑣1 = 𝑐
𝑛 = 3.0×105

1.5 = 2. 0×105𝑘𝑚𝑠−1

𝑇 = 𝑑
𝑣 = 9

2×105 = 45µ𝑠

Answer is F
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c)

𝑇∝ 1
𝑣 ∝ 1

1/𝑛 ∝𝑛

𝑛
𝑟𝑒𝑑

< 𝑛
𝑏𝑙𝑢𝑒

< 1. 5

𝑇
𝑟𝑒𝑑

< 𝑇
𝑏𝑙𝑢𝑒

< 𝑇
𝑛𝑜𝑚

Answer is A
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ENGAA S2  2016 - Question 4
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ENGAA S2 2016 - Question 4 - Worked Solution

a) At B the cyclist has transferred an energy E and dropped a height h , therefore:
1
2 𝑀𝑉2 = 𝑀𝑔ℎ + 𝐸

𝑉2 = 2𝑔ℎ + 2𝐸
𝑀

𝑉 = 2𝑔ℎ + 2𝐸
𝑀

At B all the V is horizontal due to the shape of the track.

∴𝑉
𝑎

= 𝑉 cos 𝑐𝑜𝑠 θ 

𝑉
𝑎

= 2 𝐸
𝑀 + 𝑔ℎ( )cos 𝑐𝑜𝑠 θ 

Answer is E
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b)

The horizontal speed is constant at V

The horizontal distance from B to C = 𝐿 cos 𝑐𝑜𝑠 θ 
𝑡𝑖𝑚𝑒 = 𝐿cos𝑐𝑜𝑠 θ 

𝑉  −−−−− ①

Consider motion perpendicular to the slope

𝑠 = 0

𝑢 = 𝑉
𝑛

= 𝑉 sin 𝑠𝑖𝑛 θ 

𝑣 =?

𝑎 =− 𝑔 cos 𝑐𝑜𝑠 θ 

𝑡 =?

𝑠 = 𝑢𝑡 + 1
2 𝑎𝑡2

0 = 𝑉𝑡 sin 𝑠𝑖𝑛 θ − 1
2 𝑔 cos 𝑐𝑜𝑠 θ 𝑡2

𝑡 = 2𝑉sin𝑠𝑖𝑛 θ 
𝑔cos𝑐𝑜𝑠 θ = 2𝑉tan𝑡𝑎𝑛 θ 

𝑔    −−−−− ②

Answer is B
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c)

From ① & ②
2𝑉tan𝑡𝑎𝑛 θ 

𝑔 = 𝐿cos𝑐𝑜𝑠 θ 
𝑉

𝐿 = 2𝑉2

𝑔
sin𝑠𝑖𝑛 θ 

𝑐𝑜𝑠2θ

Answer is C
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d)

Distance perpendicular to the slope

𝑆
𝑛

= 𝑉𝑡 sin 𝑠𝑖𝑛 θ − 1
2 𝑔𝑡2 cos 𝑐𝑜𝑠 θ 

𝑡𝑜 𝑓𝑖𝑛𝑑 𝑆
𝑚𝑎𝑥

 ,  𝑠𝑒𝑡 
𝑑𝑆

𝑛

𝑑𝑡  𝑡𝑜 0

𝑑𝑆
𝑛

𝑑𝑡 = 𝑉 sin 𝑠𝑖𝑛 θ − 𝑔𝑡 cos 𝑐𝑜𝑠 θ = 0 

𝑔𝑡 cos 𝑐𝑜𝑠 θ = 𝑉 sin 𝑠𝑖𝑛 θ 

𝑡 = 𝑉
𝑔 tan 𝑡𝑎𝑛 θ 

Distance parallel to the slope:

𝑆
𝑎

= 𝑢𝑡 + 1
2 𝑎𝑡2

𝑆 = 𝑉𝑡 cos 𝑐𝑜𝑠 θ + 1
2 𝑔𝑡2 sin 𝑠𝑖𝑛 θ 

𝑡 = 𝑉
𝑔 tan 𝑡𝑎𝑛 θ 

𝑆
𝑎

= 𝑉2

𝑔 tan 𝑡𝑎𝑛 θ cos 𝑐𝑜𝑠 θ + 1
2 𝑔 sin 𝑠𝑖𝑛 θ 𝑉2𝑡𝑎𝑛2θ

𝑔2
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𝑆
𝑎

= 𝑉2sin𝑠𝑖𝑛 θ 
𝑔 + 1

2
𝑉2

𝑔 sin 𝑠𝑖𝑛 θ 𝑡𝑎𝑛2θ

𝑆
𝑎

= 𝑉2

𝑔 sin 𝑠𝑖𝑛 θ 1 + 1
2 𝑡𝑎𝑛2θ( )

Answer is D
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