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QUIZ 1 SOLUTION



Question 1
A. Let h = height of well

t1 = time for rock to travel to the surface of water

t2 = time for sound to travel to the mouth of well

ℎ =
1

2
𝑔𝑡1

2 (1)

ℎ = 𝑣𝑡2 (2)

𝑡1 + 𝑡2 = 2.4 𝑠
Substituting eqn. (2) to eqn. (1) and substituting value of t2, we get

1

2
𝑔𝑡1

2 = 𝑣(2.4 − 𝑡1)

4.9𝑡1
2 = 806.4 − 336𝑡1

4.9𝑡1
2 + 336𝑡1 − 806.4 = 0

𝑡1 = 2.32 𝑠
ℎ = 26.37 𝑚



Question 1
B. i) Let t1 = time for rocket to travel with engine fires

t2 = time for rocket to travel without using engine

When the engine fires,

ℎ = 𝑣0𝑡1 +
1

2
𝑎𝑡1

2

1000 = 80𝑡1 + 2𝑡1
2

𝑡1
2 + 40𝑡1 − 500 = 0

𝑡1 = 10 𝑠
𝑣1 = 𝑣0 + 𝑎𝑡

𝑣1 = 120
𝑚

𝑠
When the engine fails,

ℎ = 𝑣1𝑡2 −
1

2
𝑔𝑡2

2

−1000 = 120𝑡2 − 4.9𝑡2
2

4.9𝑡2
2 − 120𝑡2 − 1000 = 0

𝑡2 = 31.06 𝑠
Total time rocket in motion:

𝑡1 + 𝑡2 = 41.06 𝑠



Question 1
(ii) Maximum altitude occurs when v = 0,

0 = 𝑣1 − 𝑔𝑡

𝑡 =
120

9.8
= 12.24 𝑠

ℎ𝑚𝑎𝑥𝑖𝑚𝑢𝑚 = 𝑣1𝑡 −
1

2
𝑔𝑡2 + 1000

= 120 × 12.24 −
1

2
× 9.8 × 12.242 + 1000

= 1734.7 𝑚

(iii) 𝑣𝑓 = 2𝑔ℎ

= 2 × 9.8 × 1734.7
= 184.4 𝑚/𝑠

C. 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 =
𝑣𝑜𝑙𝑢𝑚𝑒

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎

=
3.78 × 10−3

25
= 1.512 × 10−4 𝑚



Question 2

A.  𝐹 = 𝑚𝑎
For m1: 𝑇 = 𝑚1𝑎
For m2: 𝑇 − 𝑚2𝑔 = 0
Substituting the above equation, we get

𝑎 =
𝑚2𝑔

𝑚1

To make all blocks static,

𝐹 = 𝑀 + 𝑚1 + 𝑚2 𝑎 = 𝑀 + 𝑚1 + 𝑚2

𝑚2𝑔

𝑚1



Question 2

 𝐹𝑦 = 𝐿𝑦 − 𝑇𝑦 − 𝑚𝑔 = 𝐿 cos 20 − 𝑇 sin 20 − 7.35 𝑁 = 𝑚𝑎𝑦 = 0

 𝐹𝑥 = 𝐿𝑥 + 𝑇𝑥 = 𝐿 sin 20 + 𝑇 cos 20 = 𝑚
𝑣2

𝑟

𝑚
𝑣2

𝑟
= 0.75

352

60 cos 20
= 16.3 𝑁

We have the simultaneous equations

𝐿 sin 20 + 𝑇 cos 20 = 16.3 𝑁
𝐿 cos 20 − 𝑇 sin 20 = 7.35 𝑁

𝐿 + 𝑇
cos 20

sin 20
=

16.3

sin 20

𝐿 − 𝑇
sin 20

cos 20
=

7.35

cos 20

𝑇 cot 20 + tan 20 =
16.3

sin 20
−

7.35

cos 20
𝑇 3.11 = 39.8 𝑁

𝑇 = 12.8 𝑁



Question 3
A. Consider the work done on the pile driver from the time it 

starts from rest until it comes to rest at the end of the fall. Let 
d = 5.00 m represent the distance over which the driver falls 
freely, and h = 0.12 m the distance it moves the piling.

 𝑊 = ∆𝐾: 𝑊𝑔𝑟𝑎𝑣𝑖𝑡𝑦 + 𝑊𝑏𝑒𝑎𝑚 =
1

2
𝑚𝑣𝑓

2 −
1

2
𝑚𝑣𝑖

2

so,

𝑚𝑔 ℎ + 𝑑 cos 0 + 𝐹𝑑 cos 180 = 0
Thus,

𝐹 =
𝑚𝑔(ℎ + 𝑑)

𝑑
=

2100(9.8)(5.12)

0.120
= 8.78 × 105 𝑁

The force on the pile driver is upward



Question 3
B. The energy of the car is 𝐸 =

1

2
𝑚𝑣2 + 𝑚𝑔𝑦

𝐸 =
1

2
𝑚𝑣2 + 𝑚𝑔𝑑 sin 𝜃 where d is the distance it has moved along the track

𝑃 =
𝑑𝐸

𝑑𝑡
= 𝑚𝑣

𝑑𝑣

𝑑𝑡
+ 𝑚𝑔𝑣 sin 𝜃

When speed is constant,

𝑃 = 𝑚𝑔𝑣 sin 𝜃 = 950 9.8 2.2 sin 30 = 1.02 × 104 𝑊
𝑑𝑣

𝑑𝑡
= 𝑎 =

2.2 − 0

12
= 0.183 𝑚/𝑠2

Maximum power is injected just before maximum speed is attained:

𝑃 = 𝑚𝑣𝑎 + 𝑚𝑔𝑣 sin 𝜃 = 950 2.2 0.183 + 1.02 × 104 𝑊 = 1.06 × 104 𝑊
At the top end,

1

2
𝑚𝑣2 + 𝑚𝑔𝑑 sin 𝜃 = 950

1

2
2.2 + 9.8 × 1250 sin 30 = 5.82 × 106 𝐽



Question 4

A. (i)  𝐹 = −2𝑇 sin 𝜃  𝒋 where 𝜃 = tan−1 𝑦

𝐿

Therefore, for a small displacement

sin 𝜃 ≈ tan 𝜃 =
𝑦

𝐿
and  𝐹 = −

2𝑇𝑦

𝐿
 𝒋

(ii) The total force exerted on the ball is opposite in direction and 
proportional to its displacement from equilibrium, so the ball 
moves with simple harmonic motion. For a spring system,

 𝐹 = −𝑘𝑥 becomes here  𝐹 = −
2𝑇

𝐿
𝑦

Therefore, the effective spring constant is 
2𝑇

𝐿
and 𝜔 =

𝑘

𝑚
=

2𝑇

𝑚𝐿



Question 4



Question 4
B. (i) 𝑔

1
= 𝑔

2
=

𝑀𝐺

𝑟2+𝑎2

𝑔
1𝑦

= −𝑔
2𝑦

𝑔
𝑦

= 𝑔
1𝑦

+ 𝑔
2𝑦

= 0

𝑔
1𝑥

= 𝑔
2𝑥

= 𝑔
2

cos 𝜃

cos 𝜃 =
𝑟

𝑎2 + 𝑟2
1
2

𝑔 = 2𝑔
2𝑥

(− 𝒊)

or

𝑔 =
2𝑀𝐺𝑟

𝑟2+𝑎2
3
2

toward the center of mass

(ii) As r approaches 0, the above equation approaches 
0

𝑎3 = 0

(iii) As r becomes much larger than a, the expression approaches 
2𝑀𝐺𝑟

𝑟3 =
2𝑀𝐺

𝑟2
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