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𝑉𝑠𝑝ℎ𝑒𝑟𝑒 =
4

3
𝜋𝑅3 𝑉𝑏𝑜𝑥 = 𝐿𝑊𝐻 𝑉𝑐𝑦𝑙 = 𝜋𝑅2𝐻 𝜌 =

𝑀

𝑉
 

𝐴𝑠𝑝ℎ𝑒𝑟𝑒 = 4𝜋𝑅2 𝑉 = (𝐴𝑏𝑎𝑠𝑒) × (ℎ𝑒𝑖𝑔ℎ𝑡) 𝐴𝑐𝑖𝑟𝑐𝑙𝑒 = 𝜋𝑅2 𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

𝐶 = 2𝜋𝑅 𝐴𝑟𝑒𝑐𝑡 = 𝐿𝑊 𝐴𝐶𝑦𝑙𝑆𝑖𝑑𝑒 = 2𝜋𝑅𝐻  

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 = 2𝜋 rad = 360° 

𝑔 = 9.8 
m

s2
 𝐺 = 6.67 × 10−11

N ∙ m2

kg2
 𝑃0 = 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
  

𝑥𝑓 = 𝑥𝑖 + 𝑣𝑖𝑥𝑡 +
1

2
𝑎𝑥𝑡2 𝑣𝑓𝑥

2 = 𝑣𝑖𝑥
2 + 2𝑎𝑥(∆𝑥) 𝑣𝑓𝑥 = 𝑣𝑖𝑥 + 𝑎𝑥𝑡 𝑟 = √𝑥2 + 𝑦2 

𝐴 ∙ �⃑⃑� = 𝐴𝐵 cos 𝜃𝐴𝐵 ‖𝐴 × �⃑⃑�‖ = 𝐴𝐵 sin 𝜃𝐴𝐵  
sin(𝐴 ± 𝐵)

= sin 𝐴 cos 𝐵 ± cos 𝐴 sin 𝐵 

cos(𝐴 ± 𝐵)

= cos 𝐴 cos 𝐵 ∓ sin 𝐴 sin 𝐵 

�⃑�𝑎𝑒 + �⃑�𝑒𝑏 = �⃑�𝑎𝑏 �̂� = cos 𝜃 𝑖̂ + sin 𝜃 𝑗̂ �̂� = − sin 𝜃 𝑖̂ + cos 𝜃 𝑗 ̂  

𝑎𝑡𝑎𝑛 = 𝑟𝛼 𝑎𝑐 =
𝑣2

𝑟
= 𝑟𝜔2 �⃑� = 𝑎𝑟�̂� + 𝑎𝑡𝑎𝑛�̂� �⃑� = 𝑎𝑐(−�̂�) + 𝑎𝑡𝑎𝑛�̂� 

Σ�⃑� = 𝑚�⃑� 𝑓 ≤ 𝜇𝑛 𝐹𝐺 =
𝐺𝑚𝑀

𝑟2
(−�̂�) 𝑈𝐺 = −

𝐺𝑚𝑀

𝑟
 

𝑇𝐾𝐸 =
1

2
𝑚𝑣2 𝑅𝐾𝐸 =

1

2
𝐼𝜔2 𝑈𝑆 = 𝑆𝑃𝐸 =

1

2
𝑘𝑥2 𝑈𝐺 = 𝐺𝑃𝐸 = 𝑚𝑔ℎ 

𝐸𝑖 + 𝑊𝑛𝑜𝑛−𝑐𝑜𝑛
𝑜𝑟 𝑒𝑥𝑡

= 𝐸𝑓 ∆𝐾𝐸 = 𝑊𝑒𝑥𝑡.& 𝑛𝑜𝑛−𝑐𝑜𝑛 𝑊 = 𝐹𝑑 cos 𝜃 = 𝐹∥𝑑 𝑊 = ∫ 𝐹𝑥𝑑𝑥 

∆𝑈 = −𝑊 = − ∫ �⃑� ∙ 𝑑𝑠
𝑓

𝑖

 𝐹𝑥 = −
𝑑

𝑑𝑥
𝑈(𝑥) 𝒫𝑖𝑛𝑠𝑡 =

𝑑𝐸

𝑑𝑡
= �⃑� ∙ �⃑� 𝒫𝑎𝑣𝑔 =

∆𝐸

∆𝑡
=

𝑊𝑜𝑟𝑘

𝑡𝑖𝑚𝑒
 

𝐽 = ∆𝑝 = �⃑�∆𝑡 𝑝 = 𝑚�⃑� 𝑥CM =
𝑚1𝑥1 + 𝑚2𝑥2

𝑚1 + 𝑚2

 𝑥CM =
∫ 𝑥 𝑑𝑚

∫ 𝑑𝑚
 

𝜏 = 𝑟 × �⃑� Σ𝜏 = 𝐼�⃑� 𝐿 = 𝐼𝜔 = 𝑚𝑣𝑟⊥ 𝒫𝑖𝑛𝑠𝑡 = 𝜏 ∙ �⃑⃑⃑� 

𝑠 = 𝑟∆𝜃 𝑣 = 𝑟𝜔 𝑎𝑡𝑎𝑛 = 𝑟𝛼 𝑎𝑐 =
𝑣2

𝑟
= 𝑟𝜔2 

𝐼∥𝑎𝑥𝑖𝑠 = 𝐼CM + 𝑚𝑑2 𝐼𝑧𝑧 = 𝐼𝑥𝑥 + 𝐼𝑦𝑦 𝐼 = ∫ 𝑟2𝑑𝑚 
𝐹

𝐴
= 𝐸

∆𝐿

𝐿0

 

𝑃 =
𝐹

𝐴
 𝑃𝑔𝑎𝑢𝑔𝑒 = 𝑃𝑎𝑏𝑠 − 𝑃𝑎𝑚𝑏𝑖𝑒𝑛𝑡 𝐵 = 𝜌𝑓𝑉𝑑𝑖𝑠𝑝𝑔 𝐴1𝑣1 = 𝐴2𝑣2 

𝑃(ℎ) = 𝑃0 + 𝜌𝑔ℎ 𝑃 +
1

2
𝜌𝑣2 + 𝜌𝑔ℎ = constant 𝑅 =

𝜋𝑟4∆𝑃

8𝜂𝐿
 𝐹 = 𝜂𝐴

Δ𝑣𝑥

Δ𝑦
 

Prefix Abbreviation 𝟏𝟎?  Prefix Abbreviation 𝟏𝟎? 

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 

 



A robot moves horizontally in 1D motion.  

The robot is initially 30.0 m to the right of the origin.   

During the first 2.00 s of motion, the robot moves to the left with constant speed 8.00
m

s
.  

During the next 4.00 s the robot slows down at a constant rate until it comes to rest.  

*1a) How far does the robot travel during the first 2.00 s of motion? 

*1b) Is acceleration positive or negative during the last 4.00 s of motion? 

*1c) What acceleration magnitude is required during the final 4.00 s of motion? 

*1d) What is the robot’s displacement during the final 4.00 s of motion? 

****1e&1f) Sketch a plots of position versus time & velocity versus time for the robot. 

I will give 1 point for the first 2.00 s and 1 point for the last 4.00 s (on each graph). 

The last 4.00 s of the position graph are time consuming for 1 point. 

 

 

 

 

  

1a  

1b  

1c  

1d  
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A physics equation is 

𝑐𝑎 = 𝑈 + 𝛽𝑞2 

Associated data is shown in the table below. 

𝑐 (kg ∙ m) 𝑎 (
mm

s2
) 𝑈 (

kg ∙ m2

𝑠2
) 𝛽 (

kg

s2
) 

21.25 30.0 0.555 6.00 × 107 

*2a) Solve this equation algebraically for 𝑞. 

****2b) Compute a numerical value for 𝑞 using: 

 correct engineering notation 

 best choice of prefix with correct units 

 rounding to the appropriate number of sig figs 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

2a  

2b  



A metal plate has density 𝜌 and thickness 𝑡.  The plate was created by removing a semi-circular 

segment from the left half of a square plate (figure drawn to scale).  The mass of the plate (after the ½-

circle chunk was removed) is 𝑚.   

****3) Determine the side length of the original square plate in terms of known quantities.  Simplify 

your work for credit.  The final answer must be written as a decimal number (in the numerator) with 3 

sig figs times an algebraic expression using the stated parameters. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A multi-stage rocket is observed just after the instant of separation (se figure at right). 

The spacecraft (labeled 2) moves with speed 222
m

s
 at an angle of 77.7° relative to earth. 

The booster stage (labeled 1) moves straight up with speed 155.5
m

s
 relative to the earth. 

***4) How fast is the booster moving relative to the spaceship at this instant? 

4  

 

 

  

3  

2 

1 



A drone travels in two straight line displacements.  The first displacement covers 

5.75 m directed 32.1° west of south.  After the second displacement, the drone’s final 

position is 4.25 m from the origin angled 65.4° above the east axis (in the 𝑥𝑧-plane). 

*5a) Write the first displacement vector in Cartesian form. 

**5b) Write a Cartesian form unit vector for the direction of the final position vector. 

**5c) Determine the angle between the first displacement and the final position. 

***5d) Determine the magnitude of the second displacement. 

 

 

 

 

  
5a  

5b  

5c  

5d  

East (𝑖)̂ 

Up (�̂�) 

North (𝑗̂) 



At time 𝑡 = 0, two objects at the origin move to the right.  Object 1 has velocity 

described by  

𝑣1(𝑡) = 𝑣0 − 𝑘𝑡2 

where 𝑘 is a positive constant.  Object 2 moves with constant rate 
2

5
𝑣0. 

6a) Is object one experiencing to constant acceleration? 

Yes No 
Impossible to determine 

without more information 

**6b) Determine the position of object 1 as a function of time. 

 

**6c) How far does object 1 travel before reversing direction? 

Answer as a decimal number with 3 sig figs times √
𝒗𝟎

𝟑

𝒌
. 

 

****6d) Determine the velocity of object 1 when object 2 catches up to it 

(after 𝑡 = 0)?  Answer as a decimal number with 3 sig figs times 𝒗𝟎. 

  

6b  

6c  

6d  

1 

2 



A ball of negligible size is placed on the edge of a building of height ℎ.  The ball is kicked 

horizontally with speed 𝑣0 towards a parabolic ramp.  Using the coordinate system shown in 

the figure, the height (𝑦) of the parabolic ramp is given by 

𝑦 =
𝛼𝑥4

2
 

*7a) Determine the units assumed for the constant 𝛼.  Assume the 2 is dimensionless. 

*****7b) Determine horizontal displacement between launch and impact positions. 

This answer ends up looking exceptionally ugly. 

Simplify it as best you can after all other work on the test is done. 

 

 7a  

7b  

𝑥 

𝑦 
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