
Name________________________________________ 

Physics 120 Quiz #2, January 21, 2022 

Please show all work, thoughts and/or reasoning in order to receive partial credit.  The quiz is worth 10 

points total. 

 

I affirm that I have carried out my academic endeavors with full academic honesty.  
 

_________________________________ 
 

Suppose that a projectile was launched from the ground at a point 𝑟𝑖 = 〈0,0,0〉𝑚 with an initial velocity 

𝑣𝑖 = 〈8.7,5.0,0.0〉𝑚

𝑠
.  For the questions below, ignore air resistance and assume a standard cartesian 

coordinate system with the positive x-direction to the right and the positive y-direction vertically up. 

 

1. At what initial angle 𝜃 measured with respect to the positive x-axis was the projectile launched and 

what was the launch speed, |𝑣𝑖|? 

 

 

𝑣𝑖 = 〈𝑣𝑖𝑥 , 𝑣𝑖𝑦 , 𝑣𝑖𝑧〉 = 〈8.7,10.0,0〉𝑚

𝑠
 

 

𝑣𝑖 = |𝑣𝑖| = √𝑣𝑖𝑥
2 + 𝑣𝑖𝑦

2 + 𝑣𝑖𝑧
2 = √(8.7

𝑚

𝑠
)

2
+ (5.0

𝑚

𝑠
)

2
+ (0

𝑚

𝑠
)

0
= 10

𝑚

𝑠
 

 

tan 𝜃 =
𝑣𝑓𝑦

𝑣𝑓𝑥
→ 𝜃 = tan−1

𝑣𝑓𝑦

𝑣𝑓𝑥
= tan−1

5.0𝑚
𝑠

8.7𝑚
𝑠

= 29.90 

 

 

2. At what time(s) will the projectile be at a vertical height of 𝑦 = 1𝑚? 

 

 

𝑟𝑓 = 𝑟𝑖 + 𝑣𝑖𝑡 +
1

2
�⃗�𝑡2 → 〈𝑥𝑓 , 𝑦𝑓 , 𝑧𝑓〉 = 〈𝑥𝑖 + 𝑣𝑖𝑥𝑡 +

1

2
𝑎𝑥𝑡2, 𝑦𝑖 + 𝑣𝑖𝑦𝑡 +

1

2
𝑎𝑦𝑡2, 0〉 

 

 

In the y-direction: 

 

𝑦𝑓 = 𝑦𝑖 + 𝑣𝑖𝑦𝑡 +
1

2
𝑎𝑦𝑡2 → 1 = 5𝑡 −

1

2
(9.8)𝑡2 → −4.9𝑡2 + 5𝑡 − 1 = 0 

 

By the quadratic formula:  𝑡 = {
0.27𝑠
0.75𝑠

 

Both times are acceptable.  The time 𝑡 = 0.27𝑠 is for the projectile rising and 𝑡 = 0.75𝑠 is for the 

projectile falling. 

 

 

 

 

 

 

 

 

 



 

3. What is the time of flight of the projectile?  Assume that the projectile starts and ends on the ground. 

 

 

𝑟𝑓 = 𝑟𝑖 + 𝑣𝑖𝑡 +
1

2
�⃗�𝑡2 → 〈𝑥𝑓 , 𝑦𝑓 , 𝑧𝑓〉 = 〈𝑥𝑖 + 𝑣𝑖𝑥𝑡 +

1

2
𝑎𝑥𝑡2, 𝑦𝑖 + 𝑣𝑖𝑦𝑡 +

1

2
𝑎𝑦𝑡2, 0〉 

 

In the y-direction:  𝑦𝑓 = 𝑦𝑖 + 𝑣𝑖𝑦𝑡 + 1

2
𝑎𝑦𝑡2 → 0 = 0 + 𝑣𝑖𝑦𝑡 − 1

2
𝑔𝑡2 → {

𝑡 = 0

𝑡 =
2𝑣𝑖𝑦

𝑔

 

𝑡 =
2𝑣𝑖𝑦

𝑔
=

2 × 5𝑚
𝑠

9.8𝑚
𝑠2

= 1.02𝑠 

 

 

 

 

4. How far horizontally does the projectile travel across the ground from its launch point to its landing 

point? 

 

 

In the x-direction:  𝑥𝑓 = 𝑥𝑖 + 𝑣𝑖𝑥𝑡 + 1

2
𝑎𝑥𝑡2 = 𝑣𝑖𝑥𝑡 = 8.7𝑚

𝑠
× 1.02𝑠 = 8.9𝑚 

 

 

 

 

 

 

5. What is the impact velocity 𝑣𝑓 of the projectile just before striking the ground?  That is, what are the 

components of the final velocity in 𝑣𝑓 = 〈𝑣𝑓𝑥 , 𝑣𝑓𝑦 , 𝑣𝑓𝑧〉. 

 

𝑣𝑓 = 𝑣𝑖 + �⃗�𝑡 → 〈𝑣𝑓𝑥 , 𝑣𝑓𝑦 , 𝑣𝑓𝑧〉 = 〈𝑣𝑖𝑥 + 𝑎𝑥𝑡, 𝑣𝑖𝑦 + 𝑎𝑦𝑡, 0〉 
 

In the x-direction:  𝑣𝑓𝑥 = 𝑣𝑖𝑥 = 8.7𝑚

𝑠
 

 

In the y-direction:  𝑣𝑓𝑦 = 𝑣𝑖𝑦 − 𝑔𝑡 = 5𝑚

𝑠
− 9.8𝑚

𝑠2 × 1.02𝑠 = −5𝑚

𝑠
 

 

𝑣𝑓 = 〈𝑣𝑓𝑥 , 𝑣𝑓𝑦 , 𝑣𝑓𝑧〉 = 〈8.7, −5,0〉𝑚

𝑠
 

 

 

 

 

 

 

 

 

 

 

 

 



 

Physics 120 Formula Sheet 
 

General Definitions of Motion    Geometry 

∆𝑟 = 〈∆𝑥, ∆𝑦, ∆𝑧〉 = 〈𝑥𝑓 − 𝑥𝑖 , 𝑦𝑓 − 𝑦, 𝑧𝑓 − 𝑧𝑖〉  𝐶 = 2𝜋𝑟  𝐴𝑐𝑖𝑟𝑐𝑙𝑒 = 𝜋𝑟2;   𝐴𝑟𝑒𝑐𝑡 = 𝐿𝑊  

𝑣 =
∆𝑟

∆𝑡
= 〈

∆𝑥

∆𝑡
,

∆𝑦

∆𝑡
,

∆𝑧

∆𝑡
〉     𝐴𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 = 1

2
𝑏ℎ;  𝐴𝑠𝑝ℎ𝑒𝑟𝑒 = 4𝜋𝑟2 

�⃗� =
∆�⃗⃗�

∆𝑡
= 〈

∆𝑣𝑥

∆𝑡
,

∆𝑣𝑦

∆𝑡
,

∆𝑣𝑧

∆𝑡
〉     𝑉𝑠𝑝ℎ𝑒𝑟𝑒 = 4

3
𝜋𝑟3;   𝑉𝑐𝑦𝑙 = 𝜋𝑟2ℎ;   𝑉𝑐𝑜𝑛𝑒 = 1

3
𝜋𝑟2ℎ 

𝑑𝑟 = 〈𝑑𝑥, 𝑑𝑦, 𝑑𝑧〉 

𝑣 = 〈𝑣𝑥 , 𝑣𝑦 , 𝑣𝑧〉 =
𝑑𝑟

𝑑𝑡
= 〈

𝑑𝑥

𝑑𝑡
,
𝑑𝑦

𝑑𝑡
,
𝑑𝑧

𝑑𝑡
〉 

�⃗� = 〈𝑎𝑥 , 𝑎𝑦 , 𝑎𝑧〉 =
𝑑𝑣

𝑑𝑡
= 〈

𝑑𝑣𝑥

𝑑𝑡
,
𝑑𝑣𝑦

𝑑𝑡
,
𝑑𝑣𝑧

𝑑𝑡
〉 

 

Motion with constant acceleration 

𝑟𝑓 = 𝑟𝑖 + 𝑣𝑖𝑡 +
1

2
�⃗�𝑡2 → 〈𝑥𝑓 , 𝑦, 𝑧𝑓〉 = 〈𝑥𝑖 + 𝑣𝑖𝑥𝑡 +

1

2
𝑎𝑥𝑡2, 𝑦𝑖 + 𝑣𝑖𝑦𝑡 +

1

2
𝑎𝑦𝑡2, 𝑧 + 𝑣𝑖𝑧𝑡 +

1

2
𝑎𝑧𝑡2〉 

𝑣𝑓 = 𝑣𝑖 + �⃗�𝑡 → 〈𝑣𝑓𝑥 , 𝑣𝑓𝑦 , 𝑣𝑓𝑧〉 = 〈𝑣𝑖𝑥 + 𝑎𝑥𝑡, 𝑣𝑖𝑦 + 𝑎𝑦𝑡, 𝑣𝑖𝑧 + 𝑎𝑧𝑡〉 

 

Forces/Momentum     Constants 

𝑝 = 𝑚𝑣      𝑔 = 9.8𝑚

𝑠2;   𝐺 = 6.67 × 10−11𝑁𝑚2

𝑘𝑔2    

�⃗�𝑛𝑒𝑡 =
𝑑𝑝

𝑑𝑡
= 𝑚�⃗�     𝑣𝑠𝑜𝑢𝑛𝑑 = 343𝑚

𝑠
;   𝑣𝑙𝑖𝑔ℎ𝑡 = 𝑐 = 3 × 108 𝑚

𝑠
 

𝑝𝑓 − 𝑝𝑖 = ∫ 𝑑𝑝 = ∫ �⃗�𝑛𝑒𝑡𝑑𝑡    𝑁𝐴 = 6.02 × 1023 

𝐽 = ∫ �⃗�𝑛𝑒𝑡𝑑𝑡 

�⃗�𝑛𝑒𝑡 = �⃗�∥ + �⃗�⊥ =
𝑑𝑝

𝑑𝑡
�̂� + 𝑝

𝑑�̂�

𝑑𝑡
= 𝑚�⃗�∥ + 𝑚�⃗�⊥ 

|�⃗�⊥| = 𝑚|�⃗�⊥| = 𝑚
𝑣2

𝑟
 

�⃗�𝐺 = 𝐺
𝑀1𝑀2

𝑟12
2 �̂�12 → |�⃗�𝐺| = 𝐺

𝑀1𝑀2

𝑟12
2  

�⃗�𝐺 = 𝑚𝑔;   𝑔 = 𝐺
𝑀𝑐𝑏

(𝑅𝑐𝑏 + ℎ)
�̂� 

|�⃗�𝑓𝑟| = 𝜇|�⃗�𝑁| 

�⃗�𝑠 = −𝑘∆𝑟 

 

Vectors 

𝐶 = 𝐴 + �⃗⃗� → 〈𝐶𝑥 , 𝐶𝑦 , 𝐶𝑧〉 = 〈𝐴𝑥 + 𝐵𝑥 , 𝐴𝑦 + 𝐵𝑦 , 𝐴𝑧 + 𝐵𝑧〉 + 〈𝐶𝑥 , 𝐶𝑦 , 𝐶𝑧〉;   |𝐶|⃗⃗ ⃗⃗⃗⃗ = √𝐶𝑥
2 + 𝐶𝑦

2 + 𝐶𝑧
2 

𝐴 ∙ �⃗⃗� = |𝐴||�⃗⃗�| cos 𝜃 = 𝐴𝑥𝐵𝑥 + 𝐴𝑦𝐵𝑦 + 𝐴𝑧𝐵𝑧 

𝐴 × �⃗⃗� = |𝐴||�⃗⃗�| sin 𝜃 = 〈𝑎𝑦𝑏𝑧 − 𝑏𝑦𝑎𝑧, 𝑎𝑧𝑏𝑥 − 𝑏𝑧𝑎𝑥 , 𝑎𝑥𝑏𝑦 − 𝑏𝑥𝑎𝑦〉 

 

 

 

 

 

 



 

 

Work and Energy 

𝑊𝑇 = ∫ 𝑑𝑊𝑇 = ∫ �⃗� ∙ 𝑑𝑟 = ∆𝐾𝑇 =
1

2
𝑚𝑣𝑓

2 −
1

2
𝑚𝑣𝑖

2 =
𝑝𝑓

2

2𝑚
−

𝑝𝑖
2

2𝑚
 

𝑊𝑅 = ∫ 𝑑𝑊𝑅 = ∫ 𝜏 ∙ 𝑑𝜃 = ∆𝐾𝑅 =
1

2
𝐼𝜔𝑓

2 −
1

2
𝐼𝜔𝑖

2 =
𝐿𝑓

2

2𝐼
−

𝐿𝑖
2

2𝐼
 

𝑊𝑛𝑒𝑡 = 𝑊𝑇 + 𝑊𝑅 = ∆𝐸𝑠𝑦𝑠 = {
0

𝑊𝑓𝑟
 

𝑊𝑛𝑒𝑡 = − ∑ ∆𝑈 = ∆𝐾𝑇 + ∆𝐾𝑅 

𝑈𝑔 = 𝑚𝑔𝑦 

𝑈𝑠 =
1

2
𝑘𝑥2 

 

Rotational Motion 

𝑠 = 𝑟𝜃 → 𝑑𝑠 = 𝑟𝑑𝜃 
𝑑𝑠

𝑑𝑡
= 𝑟

𝑑𝜃

𝑑𝑡
→ 𝑣 = 𝑟𝜔;   𝜔 =

𝑑𝜃

𝑑𝑡
 

𝑎 =
𝑑𝑣

𝑑𝑡
= 𝑟

𝑑𝜔

𝑑𝑡
= 𝑟𝛼;    𝛼 =

𝑑𝜔

𝑑𝑡
=

𝑑2𝜃

𝑑𝑡2  

𝜃𝑓 = 𝜃𝑖 + 𝜔𝑖𝑡 +
1

2
𝛼𝑡2  

𝜔𝑓 = 𝜔𝑖 + 𝛼𝑡 

𝜔𝑓
2 = 𝜔𝑖

2 + 2𝛼∆𝜃 

 
Rotational Forces/Momentum 

𝜏 = 𝑟 × �⃗� =
𝑑�⃗⃗�

𝑑𝑡
= 𝐼�⃗� 

|𝜏| = 𝑟𝐹 sin 𝜃 = 𝑟⊥𝐹 = 𝑟𝐹⊥ 

�⃗⃗� = 𝐼�⃗⃗⃗� 

𝐼 = ∫ 𝑟2𝑑𝑚 

�⃗⃗�𝑓 = �⃗⃗�𝑖 + ∫ 𝜏𝑛𝑒𝑡𝑑𝑡 

 

 

 
Some moments of inertia from Halliday, Resnick, & Walker, 10th edition. 


