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𝑉𝑉𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒 =
4
3
𝜋𝜋𝑅𝑅3 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏 = 𝐿𝐿𝐿𝐿𝐿𝐿 𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐 = 𝜋𝜋𝑅𝑅2𝐻𝐻 𝜌𝜌 =

𝑀𝑀
𝑉𝑉

 

𝐴𝐴𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒 = 4𝜋𝜋𝑅𝑅2 𝑉𝑉 = (𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏) × (ℎ𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑡𝑡) 𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝜋𝜋𝑅𝑅2 𝑥𝑥 =
−𝑏𝑏 ± √𝑏𝑏2 − 4𝑎𝑎𝑎𝑎

2𝑎𝑎
 

𝐶𝐶 = 2𝜋𝜋𝜋𝜋 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐿𝐿𝐿𝐿 𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 2𝜋𝜋𝜋𝜋𝜋𝜋  
1609 m = 1 mi 12 in = 1 ft 60 s = 1 min 1000 g = 1 kg 
2.54 cm = 1 in 1 cc = 1 cm3 = 1 mL 60 min = 1 hr 100 cm = 1 m 
1 cm = 10 mm 1 yard = 3 ft 3600 s = 1 hr 1 km = 1000 m 

1 furlong = 220 yards 5280 ft = 1 mi 24 hrs = 1 day 1 rev = 2𝜋𝜋 rad = 360° 

𝑔𝑔 = 9.8 
m
s2

 𝐺𝐺 = 6.67 × 10−11
N ∙ m2

kg2
 𝑃𝑃0 = 1.0 × 105 Pa 1 eV = 1.602 × 10−19 J 

1 N =  1
kg ∙ m

s2
 1 J =  1 N ∙ m 1 Pa =  1 

N
m2 𝑚𝑚𝑒𝑒 = 9.11 × 10−31 kg 

𝑥𝑥𝑓𝑓 = 𝑥𝑥𝑖𝑖 + 𝑣𝑣𝑖𝑖𝑖𝑖𝑡𝑡 +
1
2
𝑎𝑎𝑥𝑥𝑡𝑡2 𝑣𝑣𝑓𝑓𝑓𝑓2 = 𝑣𝑣𝑖𝑖𝑖𝑖2 + 2𝑎𝑎𝑥𝑥(∆𝑥𝑥) 𝑣𝑣𝑓𝑓𝑓𝑓 = 𝑣𝑣𝑖𝑖𝑖𝑖 + 𝑎𝑎𝑥𝑥𝑡𝑡 𝑟𝑟 = �𝑥𝑥2 + 𝑦𝑦2 

𝐴𝐴��⃑ ∙ 𝐵𝐵��⃑ = 𝐴𝐴𝐴𝐴 cos 𝜃𝜃𝐴𝐴𝐴𝐴 �𝐴𝐴��⃑ × 𝐵𝐵��⃑ � = 𝐴𝐴𝐴𝐴 sin 𝜃𝜃𝐴𝐴𝐴𝐴 
sin(𝐴𝐴 ± 𝐵𝐵)
= sin𝐴𝐴 cos𝐵𝐵 ± cos𝐴𝐴 sin𝐵𝐵 

cos(𝐴𝐴 ± 𝐵𝐵)
= cos𝐴𝐴 cos𝐵𝐵 ∓ sin𝐴𝐴 sin𝐵𝐵 

𝑣𝑣�⃑ 𝑎𝑎𝑎𝑎 + 𝑣𝑣�⃑ 𝑒𝑒𝑒𝑒 = 𝑣𝑣�⃑ 𝑎𝑎𝑎𝑎 𝑟𝑟� = cos 𝜃𝜃 𝑖̂𝑖 + sin 𝜃𝜃 𝑗̂𝑗 𝜃𝜃� = − sin 𝜃𝜃 𝑖̂𝑖 + cos 𝜃𝜃 𝑗̂𝑗 𝜔𝜔 = 2𝜋𝜋𝜋𝜋 = 2𝜋𝜋/𝕋𝕋 

𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑟𝑟𝑟𝑟 𝑎𝑎𝑐𝑐 =
𝑣𝑣2

𝑟𝑟
= 𝑟𝑟𝜔𝜔2 𝑎𝑎�⃑ = 𝑎𝑎𝑟𝑟𝑟𝑟� + 𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝜃𝜃� 𝑎𝑎�⃑ = 𝑎𝑎𝑐𝑐(−𝑟𝑟�) + 𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝜃𝜃� 

Σ𝐹⃑𝐹 = 𝑚𝑚𝑎⃑𝑎 𝑓𝑓 ≤ 𝜇𝜇𝜇𝜇 𝐹𝐹�⃑ 𝐺𝐺 =
𝐺𝐺𝐺𝐺𝐺𝐺
𝑟𝑟2 (−𝑟𝑟�) 𝑈𝑈𝐺𝐺 = −

𝐺𝐺𝐺𝐺𝐺𝐺
𝑟𝑟

 

𝑇𝑇𝑇𝑇𝑇𝑇 =
1
2
𝑚𝑚𝑣𝑣2 𝑅𝑅𝑅𝑅𝑅𝑅 =

1
2
𝐼𝐼𝜔𝜔2 𝑈𝑈𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆 =

1
2
𝑘𝑘𝑥𝑥2 𝑈𝑈𝐺𝐺 = 𝐺𝐺𝐺𝐺𝐺𝐺 = 𝑚𝑚𝑚𝑚ℎ 

𝐸𝐸𝑖𝑖 + 𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐
𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒

= 𝐸𝐸𝑓𝑓 ∆𝐾𝐾𝐾𝐾 = 𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒.& 𝑛𝑛𝑛𝑛𝑛𝑛−𝑐𝑐𝑐𝑐𝑐𝑐  𝑊𝑊 = 𝐹𝐹𝐹𝐹 cos 𝜃𝜃 = 𝐹𝐹∥𝑑𝑑 𝑊𝑊 = �𝐹𝐹𝑥𝑥𝑑𝑑𝑑𝑑 

∆𝑈𝑈 = −𝑊𝑊 = −� 𝐹⃑𝐹 ∙ 𝑑𝑑𝑠𝑠
𝑓𝑓

𝑖𝑖
 𝐹𝐹𝑥𝑥 = −

𝑑𝑑
𝑑𝑑𝑑𝑑

𝑈𝑈(𝑥𝑥) 𝒫𝒫𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝐹𝐹�⃑ ∙ 𝑣𝑣�⃑  𝒫𝒫𝑎𝑎𝑎𝑎𝑎𝑎 =
∆𝐸𝐸
∆𝑡𝑡

=
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

 

𝐽𝐽 = ∆𝑝𝑝�⃑ = 𝐹𝐹�⃑ ∆𝑡𝑡 𝑝𝑝�⃑ = 𝑚𝑚𝑣𝑣�⃑  𝑥𝑥CM =
𝑚𝑚1𝑥𝑥1 + 𝑚𝑚2𝑥𝑥2

𝑚𝑚1 + 𝑚𝑚2
 𝑥𝑥CM =

∫ 𝑥𝑥 𝑑𝑑𝑑𝑑

∫𝑑𝑑𝑑𝑑
 

𝜏⃑𝜏 = 𝑟⃑𝑟 × 𝐹𝐹�⃑  Σ𝜏𝜏 = 𝐼𝐼𝛼⃑𝛼 𝐿𝐿 = 𝐼𝐼𝐼𝐼 = 𝑚𝑚𝑚𝑚𝑟𝑟⊥ 𝒫𝒫𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜏⃑𝜏 ∙ 𝜔𝜔��⃑  

𝑠𝑠 = 𝑟𝑟∆𝜃𝜃 𝑣𝑣 = 𝑟𝑟𝑟𝑟 𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑟𝑟𝑟𝑟 𝑎𝑎𝑐𝑐 =
𝑣𝑣2

𝑟𝑟
= 𝑟𝑟𝜔𝜔2 

𝐼𝐼∥𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐼𝐼CM + 𝑚𝑚𝑑𝑑2 𝐼𝐼𝑧𝑧𝑧𝑧 = 𝐼𝐼𝑥𝑥𝑥𝑥 + 𝐼𝐼𝑦𝑦𝑦𝑦 𝐼𝐼 = �𝑟𝑟2𝑑𝑑𝑑𝑑 
𝐹𝐹
𝐴𝐴

= 𝐸𝐸
∆𝐿𝐿
𝐿𝐿0

 

𝑃𝑃 =
𝐹𝐹
𝐴𝐴

 𝑃𝑃𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 − 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵 = 𝜌𝜌𝑓𝑓𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑔𝑔 𝐴𝐴1𝑣𝑣1 = 𝐴𝐴2𝑣𝑣2 

𝑃𝑃(ℎ) = 𝑃𝑃0 + 𝜌𝜌𝜌𝜌ℎ 𝑃𝑃 +
1
2
𝜌𝜌𝑣𝑣2 + 𝜌𝜌𝜌𝜌ℎ = constant 𝑅𝑅 =

𝜋𝜋𝑟𝑟4∆𝑃𝑃
8𝜂𝜂𝜂𝜂

 𝐹𝐹 = 𝜂𝜂𝜂𝜂
Δ𝑣𝑣𝑥𝑥
Δ𝑦𝑦

 

Prefix Abbreviation 𝟏𝟏𝟏𝟏?  Prefix Abbreviation 𝟏𝟏𝟏𝟏? 
Giga G 109  milli m 10−3 
Mega M 106  micro μ 10−6 
kilo k 103  nano n 10−9 
centi c 10−2  pico p 10−12 

    femto f 10−15 



Name:_________________________________________________ 

***1) A 45-45-90 triangular section is removed from quarter-circular plate of radius 𝑅𝑅.  Write an 
expression for the remaining (shaded) area.  Answer as a number with three sig figs times 𝑹𝑹𝟐𝟐. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2a) How many sig figs are in the number 𝑡𝑡 = 0.000000020200 s? 
2b) Write 𝑡𝑡 in engineering notation with best choice of prefix. 
 
 
 
 
***3) Use the following data table to compute 𝑢𝑢 = 𝑎𝑎𝑎𝑎

𝑐𝑐−𝑑𝑑
.   

Answer with correct sig figs & units in scientific notation.   
Show your work and put your final answer in the box. 
 
 
 
 
  

1  

2a  

2b  

𝑎𝑎 �
m
s
� 𝑏𝑏 (mm) 𝑐𝑐 (m) 𝑑𝑑 (m) 

8.75 × 10−7 25.6 4.90 × 101 52.0 

3  



A physics equation is  

𝑈𝑈0 =
3𝛼𝛼
𝑟𝑟2

+
1
2
𝛽𝛽𝑥𝑥3 

**4) Solve this equation algebraically for 𝑟𝑟.  Simplify your 
result into a single fraction under a radical.  To be clear, no 
fractions should appear in the numerator or denominator 
of the fraction used in your final result. 
 
 
 
 
 
 
 
 
 
 
Two vectors are 𝐴𝐴 = 7.00 m

s
𝚥𝚥̂ and 𝐵𝐵�⃑ = �−4.00𝚤𝚤̂ + 5.00𝚥𝚥̂ − 3.00𝑘𝑘�� m. 

5a) Determine 𝐵𝐵. 

5b) Determine 𝐵𝐵�  in Cartesian form. 

**5c) Determine 𝐴𝐴 × 𝐵𝐵�⃑  in Cartesian form. 

5d) Determine 𝐴𝐴 ∙ 𝐵𝐵�⃑ . 
  

4  

5a  

5b  

5c  

5d  



The plot at right was recorded while analyzing 
the motion of a particle moving horizontally.   
The particle is initially located at the origin. 
Use this plot to answer the questions below. 
It is ok to ignore units vectors on this problem. 
Since you are reading a graph, 2 sig figs ok. 
 
*6a) When is the particle speeding up?  State all 
times or time intervals. 
 
 
 
 
**6b) Estimate acceleration at 200 ns.  Simplify 
your result using engineering notion with appropriate prefix 
in the numerator but no prefix in the denominator. 
 
 
 
 
 
 
 
 
 
 
 
**6c) Estimate displacement after 450 ns.  
Write your result using scientific notation. 
 
 
 
 
 
 
 
 
 
 
*6d) Which of the following phrases best describes the particle’s motion?  Circle the best answer. 

Ball moves to the right and 
then to the left. 

Ball moves to the right, then to the left, 
and then to the right again. 

Ball moves to the right, then to the left, then 
to the right again, and then to left again. 

Impossible to 
determine 

without 
more info. 

None of the 
other answers 

is correct. Ball moves to the left and 
then to the right. 

Ball moves to the left, then to the right, 
and then to the left again. 

Ball moves to the left, then to the right, then 
to the left again, and then to right again. 

*6e) Which of the following phrases best describes the particle’s final location?  Circle the best answer. 
Significantly to the right  

of the initial position 
Approximately the same as  

the initial position 
Significantly to the left 
of the initial position 

Impossible to determine 
without more info. 

None of the other 
answers is correct. 
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A particle moving in two dimensions has velocity described by the equation 
𝑣⃑𝑣(𝑡𝑡) = (−36.0𝑡𝑡2 + 48.0)𝚤𝚤̂ + 24.0𝑡𝑡𝚥𝚥̂ 

Notice the particle is initially located 7.00 m below the origin. 

7a) Which best describes acceleration of the particle? 
Both 𝑎𝑎𝑥𝑥  & 𝑎𝑎𝑦𝑦 

are constant 

𝑎𝑎𝑥𝑥 is constant 
𝑎𝑎𝑦𝑦  is not constant 

𝑎𝑎𝑥𝑥 is not constant 
𝑎𝑎𝑦𝑦  is constant 

Neither 𝑎𝑎𝑥𝑥 nor 𝑎𝑎𝑦𝑦 

are constant 
Impossible to determine 

without more info 
None of the other 

answers is correct 

7b) Which best describes initial motion of the particle? 
Moving right Moving left Moving right & up  Moving right & down  Impossible to determine 

without more info 
None of the other 

answers is correct Moving up Moving down Moving left & up Moving left & down 

7c) What units are assumed on the number −36.0 in the expression above? 

**7d) Write an expression for position as a function of time in Cartesian form.  Do not include units to reduce clutter. 

7e) Write an expression for acceleration as a function of time in Cartesian form.  Do not include units to reduce clutter. 

***7f) How far is the particle from the origin when it reverses direction horizontally? 
I will assume units of meters on your final result; units are not required on this answer. 
  
  

7c  

7d  

7e  

7f  

𝑥𝑥 𝑦𝑦 
At 𝑡𝑡 = 0 



Relative to earth, a drone flies at 44.4 m
s

 heading 20.0° west of south. 

This occurs on a day when the wind blows 8.88 m
s

 directed 30.0° north of east. 

*****8) Determine speed and heading of the drone relative to air. 

Answer by drawing an arrow labeled with speed and an angle in the box at right. 
A neatly drawn, well-labeled sketch explaining your work is required. 
A correct answer with no sketch (or bad sketch) receives zero (or almost zero) credit. 
 
  

8 

 

N 

E 



A student stands at the edge of a cliff.  After ensuring no one is standing below, 
the student drops a rock.  Assume air resistance is negligible as the rock falls.  
Assume height of the student and size of the rock are also negligible.  After the 
rock impacts the ground, assume the sound from impact travels upwards with 
rate 343 m

s
.  The time required for the rock to fall AND for the sound to return 

to her ears takes 4.00 s. 

*****9a) Determine the height of the cliff. 
A neatly drawn, well-labeled sketch is required. 
A correct answer with no sketch (or bad sketch) receives zero (or almost zero) credit. 
Notice part 9b at the bottom of the page… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9b) How does ignoring air resistance affect calculated height (ℎ) compared to actual height (ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) of the cliff? 

Ignoring drag has 
no effect: ℎ = ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

Ignoring drag causes 
ℎ > ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

Ignoring drag causes 
ℎ < ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 

Impossible to determine 
without more info 

None of the other 
answers is correct 

9a  



The figure shows a top view of a drone (black dot) flying near a wall (black curve).  
The wall is modeled by the equation 𝑦𝑦 = 𝑘𝑘𝑥𝑥2 where 𝑘𝑘 is a known positive constant.  
Initially the drone is at the origin moving upwards with speed 𝑣𝑣. 
The drone accelerates with constant rate 𝑎𝑎 to the right. 
Sometime later, the drone impacts the wall. 

10a) Determine the units assumed on the constant 𝑘𝑘. 

*****10b) Determine the time to impact.   
Answer in terms of given quantities & simplify your result.  Show your work. 
 
 
  

10a  

10b  

𝑥𝑥 

𝑦𝑦 
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