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1. Ch.5: The Laws of Motion

2. CH.6: Applications of Newton’s Laws in Circular Motion

3. CH.7: Energy and Energy Transfer

4. CH.8: Potential Energy and Conservation of Energy

5. Additional problems



Question 1.1
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Answer 1.1

The Newton’s first law states that an object at rest stays at rest and an object in 
motion stays in motion with the same speed and direction unless acted upon by 
an external force.
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Question 1.2
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Answer 1.2

∑ 𝑓𝑥 = 𝑚𝑔 sin 𝜃 − 𝐹 cos 𝜃 = 𝑚𝑎𝑥

⇒ 𝑎𝑥 = 𝑔 sin 𝜃 − (𝐹
𝑚

) cos 𝜃

From 𝑑 = 𝑣𝑖𝑡 + 1
2𝑎𝑥𝑡2 and 𝑣𝑖 = 0:

𝑑 = 1
2
(𝑔 sin 𝜃 − (𝐹

𝑚
) cos 𝜃)𝑡2

𝑑 = 1
2
(9.8 sin 30° − ( 250

1500
) cos 30°)122

𝑑 = 342.4  m
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Question 1.3
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Answer 1.3

• For the system:

∑ 𝐹𝑥 = 𝐹 − 𝑓𝑘 = 𝐹 − [𝜇𝑘(𝑚1 + 𝑚2)𝑔] = (𝑚1 + 𝑚2)𝑎

⇒ 𝑎 = 𝐹 − 𝜇𝑘(𝑚1 + 𝑚2)𝑔
𝑚1 + 𝑚2

• For Block 1

∑ 𝐹𝑥 = 𝑇 − 𝑓𝑘 = 𝑇 − 𝜇𝑘𝑚1𝑔 = 𝑚1𝑎
⇒ 𝑇 = 𝑚1𝑎 + 𝜇𝑘𝑚1𝑔

= 𝑚1[
𝐹 − 𝜇𝑘(𝑚1 + 𝑚2)𝑔

𝑚1 + 𝑚2
] + 𝜇𝑘𝑚1𝑔

= 20 N
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Question 1.4
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Answer 1.4

1. We assume the acceleration of the system is positive when moving clockwise

2. We simplify the problem by applying Newton’s second law to each block 
separately.

∑ 𝐹𝑥 = 𝑇 − 𝑓𝑘 = 𝑇 − 𝜇𝑘𝑚1𝑔 = 𝑚1𝑎

∑ 𝐹𝑦 = −𝑇 + 𝑚2𝑔 = −𝑇 + 𝑚2𝑔 = 𝑚2𝑎
3. Add the two equations to eliminate T and solve for a:

𝑚2𝑔 − 𝜇𝑘𝑚1𝑔 = (𝑚1 + 𝑚2)𝑎

⇒ 𝑎 = 𝑚2𝑔 − 𝜇𝑘𝑚1𝑔
𝑚1 + 𝑚2
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4. Substitute the expression of a into one of the equations to find T:
𝑇 = 𝑚1𝑎 + 𝜇𝑘𝑚1𝑔

= 𝑚1[
𝑚2𝑔 − 𝜇𝑘𝑚1𝑔

𝑚1 + 𝑚2
] + 𝜇𝑘𝑚1𝑔

= 33.6  N
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1. Ch.5: The Laws of Motion

2. CH.6: Applications of Newton’s Laws in Circular Motion

3. CH.7: Energy and Energy Transfer

4. CH.8: Potential Energy and Conservation of Energy

5. Additional problems



Question 2.5
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Answer 2.5

∑ 𝐹𝑟 = 𝐹𝑟 = 𝑚𝑣2

𝑟

⟹ 𝑟 = 𝑚𝑣2

𝐹𝑟
= 90 m
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Question 2.6
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Answer 2.6

Since 𝐹𝑟 and 𝑣 are similar for both cases, we can set up the following proportion:

𝐹𝑟 = 𝑀1
𝑣2

𝑅1
= 𝑀2

𝑣2

𝑅2

⇒ 𝑀1
𝑅1

= 𝑀2
𝑅2

Using 𝑅1 = 2𝑅2, we find:

𝑀1
2𝑅2

= 𝑀2
𝑅2

⟹ 𝑀1 = 2𝑀2
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1. Ch.5: The Laws of Motion

2. CH.6: Applications of Newton’s Laws in Circular Motion

3. CH.7: Energy and Energy Transfer

4. CH.8: Potential Energy and Conservation of Energy

5. Additional problems



Question 3.7
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Answer 3.7

• The work done by an external force 
on a spring is given by:

𝑊ext = 1
2
𝑘𝑥2

𝑓 − 1
2
𝑘𝑥2

𝑖

• For the first dart moving from

𝑥𝑖 = 0 to 𝑥𝑓 = 𝑑:

𝑊ext1 = 1
2
𝑘𝑑2 − 0 = 1

2
𝑘𝑑2

• For the second dart moving from 

𝑥𝑖 = 0 to 𝑥𝑓 = 3𝑑

𝑊ext2 = 1
2
𝑘(3𝑑)2 − 0 = 9

2
𝑘𝑑2

• Therefore, the work ration is:

𝑊ext2
𝑊ext1

=
9
2𝑘𝑑2

1
2𝑘𝑑2 = 9
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Question 3.8
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Answer 3.8

𝑊 = ⃗𝑭 ⋅ Δ ⃗𝒓 = 𝐹𝑥Δ𝑥 + 𝐹𝑦Δ𝑦

= 6 ∗ 3 − 2 ∗ 1
= 16 J
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Question 3.9
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Answer 3.9

1
2
𝑚𝑣2

𝑓 = 1
2
𝑚𝑣2

𝑖 + 𝐹𝑑 − 𝑓𝑘𝑑

= 0 + 𝐹𝑑 − 𝜇𝑘𝑚𝑔𝑑
Solving for 𝑣𝑓 :

𝑣𝑓 = √( 2
𝑚

)(𝐹𝑑 − 𝜇𝑘𝑚𝑔𝑑)

= √( 2
10

)(50 ∗ 5 − 0.3 ∗ 10 ∗ 9.8 ∗ 5) = 4.54  m/s
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Question 3.10
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Answer 3.10

The power delivered to the elevator by the cable is given by:

𝑃 = 𝑇𝑣
To find 𝑇 , we use Newton’s second law:

∑ 𝐹𝑦 = 𝑇 − 𝑚𝑔 − 𝑓 = 𝑚𝑎
⇒ 𝑇 = 𝑚(𝑎 + 𝑔) + 𝑓

Therefore,

𝑃 = [𝑚(𝑎 + 𝑔) + 𝑓]𝑣
= [5 ∗ (1.2 + 9.8) + 2] ∗ 2 = 114 W
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1. Ch.5: The Laws of Motion

2. CH.6: Applications of Newton’s Laws in Circular Motion

3. CH.7: Energy and Energy Transfer

4. CH.8: Potential Energy and Conservation of Energy

5. Additional problems



Question 4.11
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Answer 4.11

Since the surface is frictionless, the total mechanical energy is conserved:
𝐸𝑖 = 𝐸𝑓

𝐾𝑖 + 𝑈𝑖 = 𝐾𝑓 + 𝑈𝑓

1
2
𝑚𝑣2

𝑖 + 𝑚𝑔ℎ𝑖 = 1
2
𝑚𝑣2

𝑓 + 𝑚𝑔ℎ𝑓

Solving for 𝑣𝑓 :

𝑣𝑓 = √𝑣2
𝑖 + 2𝑔(ℎ𝑖 − ℎ𝑓)

Therefore, the maximum speed is when ℎ𝑖 − ℎ𝑓  is maximum, which occurs at 

point C:
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Question 4.12
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Answer 4.12

𝑊ext = 1
2
𝑘𝑥2

𝑓 − 1
2
𝑘𝑥2

𝑖

Setting 𝑥𝑖 = 0,

𝑊1 = 1
2
𝑘𝑥2

1 − 0

𝑊2 = 1
2
𝑘(2𝑥1)

2 − 1
2
𝑘𝑥2

1

= (4)1
2
𝑘𝑥2

1 − 1
2
𝑘𝑥2

1

= (3)1
2
𝑘𝑥2

1 = 3𝑊1 = 3 ∗ (100 J) = 300 J
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Question 4.13

Dr. Abdulaziz Alqasem Past Exam 2025: Ch.5 to Ch.8 32 / 41



Answer 4.13

See Answer 1.11.
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Question 4.14
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Answer 4.14

Δ𝐸 = −𝑓𝑘𝑑
𝑓𝑘 = 0, During the free fall in the air until it reaches the surface (s) of the water, 
we have:

𝐾𝑖 + 𝑈𝑖 = 𝐾𝑠 + 𝑈𝑠

0 + 𝑈𝑖 = 𝐾𝑠 + 0          (1)
After entering the water, we have:

𝐾𝑓 + 𝑈𝑓 − 𝐾𝑠 − 𝑈𝑠 = −𝑓𝑘ℎ𝑓

from (1) and since 𝐾𝑓 = 0 and 𝑈𝑠 = 0, we get:

𝑈𝑓 − 𝑈𝑖 = −𝑓𝑘ℎ𝑓
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𝑓𝑘 =
𝑈𝑖 − 𝑈𝑓

ℎ𝑓
=

𝑚𝑔ℎ𝑖 − 𝑚𝑔ℎ𝑓

ℎ𝑓

= 𝑚𝑔
ℎ𝑖 − ℎ𝑓

ℎ𝑓

= 70 ∗ 9.8 ∗ 10 − (−5)
−5

⃗𝒇𝑘 = −2.06 KN 𝒋

The magnitude of the average resistive force is 2.06 KN.
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Question 4.15
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Answer 4.15

Since there is a friction, the conservation of energy of the system becomes:

Δ𝐸 = −𝑓𝑘𝑑
𝐸𝑓 − 𝐸𝑖 = −(𝜇𝑘𝑚1𝑔)ℎ

𝑈𝑓 + 𝐾𝑓 − 𝑈𝑖 − 𝐾𝑖 = −(𝜇𝑘𝑚1𝑔)ℎ

[(0 + 0) + (1
2
𝑚1𝑣2 + 1

2
𝑚2𝑣2)] − [(𝑚2𝑔ℎ + 0) − (0 + 0)] = −(𝜇𝑘𝑚1𝑔)ℎ

1
2
(𝑚1 + 𝑚2)𝑣2 = 𝑚2𝑔ℎ − (𝜇𝑘𝑚1𝑔)ℎ

⟹ 𝑣 = 3.74 m/s
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1. Ch.5: The Laws of Motion

2. CH.6: Applications of Newton’s Laws in Circular Motion

3. CH.7: Energy and Energy Transfer

4. CH.8: Potential Energy and Conservation of Energy

5. Additional problems



Question 5.16
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Answer 5.16

∑ 𝐹𝑦 = 𝑁 − 𝐹 sin 𝜃 − 𝑚𝑔 cos 𝜃 = 0

⇒ 𝑁 = 𝐹 sin 𝜃 + 𝑚𝑔 cos 𝜃

= 366.7𝑁
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