
161sp22t1dSoln 
Distribution on this page.  Solutions begin on the next page.   
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Graded out of 31 (even though 36 points were possible)
Avg=43%, Stdev=22



**1a)  

𝐿ሬ⃗ = 𝑟 × (𝑚𝑣⃗) 

𝐿ሬ⃗ = ൫−5.00𝚥̂ − 8.00𝑘෠൯m × ቆ(1.00 kg)൫−4.44𝚤̂ + 7.77𝑘෠൯
m

s
ቇ 

𝐿ሬ⃗ = ൫−5.00𝚥̂ − 8.00𝑘෠൯m × ൫−4.44𝚤̂ + 7.77𝑘෠൯ 
kg∙mଶ

s
 

𝐿ሬ⃗ = ൫−38.9𝚤̂ + 35.2𝚥̂ − 22.2𝑘෠൯ 
kg∙mଶ

s
 

**1b) Notice the units will cancel out in a unit vector! 

𝑣ො =
𝑣⃗

𝑣
=

൫−4.44𝚤̂ + 7.77𝑘෠൯
m
s

ටቀ−4.44
m
s

ቁ
ଶ

+ ቀ7.77
m
s

ቁ
ଶ
 

𝑣ො = −0.496𝚤̂ + 0.868𝑘෠  
**1c) To get the angle between two vectors we use our standard approach. 

𝜃 = cosିଵ ቆ
𝑟 ∙ 𝑣⃗

𝑟𝑣
ቇ 

Notice units will all drop out in this expression...as such I will ignore units for the rest of this calculation. 
Notice we need  

𝑟 = ‖𝑟‖ = ඥ(−5.00)ଶ + (−8.00)ଶ = 9.434 

𝑣 = ‖𝑣⃗‖ = ඥ(−4.44)ଶ + (7.77)ଶ = 8.949 

The only surviving term in 𝑟 ∙ 𝑣⃗ will be 𝑟௭𝑣௭. 

𝜃 = cosିଵ ቀ
𝑟௭𝑣௭

𝑟𝑣
ቁ 

𝜃 = cosିଵ ቆ
(−8.00)(7.77)

൫9.434൯൫8.949൯
ቇ 

𝜽 = 𝟏𝟑𝟕. 𝟒° 
 

**2) Notice the two triangular sections can be combined to make a rectangle with sides 
௦

ଶ
 & 𝑠 

𝐴௧௢௧௔௟ = 𝑠ଶ − ቀ
𝑠

2
ቁ (𝑠) 

𝐴௧௢௧௔௟ =
1

2
𝑠ଶ 

Get volume by multiplying by thickness 
௦

଼
 

𝑉௧௢௧௔௟ = 𝐴 × 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 = ൬
1

2
𝑠ଶ൰

𝑠

7
 

𝑉௧௢௧௔௟ =
𝑠ଷ

14
 

You were told “Answer as a decimal number with three sig figs times 𝒔𝟑 for credit.” 

𝑽𝒕𝒐𝒕𝒂𝒍 = 𝟎. 𝟎𝟕𝟏𝟒𝒔𝟑 
 
 
 
 
  



**3) Watch the units carefully (918
ୡ୫

ୱమ → 9.18
୫

ୱమ    &  2.00 × 10ସ ୡ୫

ୱ
→ 200

ୡ୫

ୱ
    ) .  Also, you were told to track sig figs on 

this one.  Be extra careful with sig figs any time you have addition or subtraction as the least significant column of sig figs 
matters for those operations!  Rearrange to get 

𝑘 =
𝑣ଶ

𝑎 − 𝑔
 

𝑘 =
ቀ200

cm
s

ቁ
ଶ

ቀ9.18
m
sଶቁ − ቀ9.806

m
sଶቁ

 

𝑘 =
40000

mଶ

sଶ

−0.626
m
sଶ

 

𝑘 = −63898 m 

𝒌 = −𝟔𝟒 𝐤𝐦 
 

**4) The units of any one term match the units of every other term.  In this case [𝑎] = ቈට
௖௫ళ

௩ఱ ቉.  Square both sides. 

[𝑐] =
1

sଽ
 

 
**5a) WATCH THOSE UNITS!  On a plot of velocity versus time, displacement is area under the curve. 
Areas below the time axis are negative. 
Notice the object reverses direction at 𝑡 = 0.40 s. 
Get the displacement (area) from 𝑡 = 0.00 s → 0.40 s and also the displacement (area) from 𝑡 = 0.40 s → 1.00 s. 
Get absolute value each displacement then sum them to get distance traveled.  

𝑑 = ฬ
1

2
(0.40 s) ቀ200

mm

s
ቁฬ + ฬ

1

2
(0.60 s) ቀ−100

mm

s
ቁฬ 

𝑑 = 70 mm 

 
**5b) Acceleration is slope of the 𝑣𝑡 curve.  Generally speaking, select points in time just before or just after the instant of 
interest to ensure a decent estimate for the slope.  Here, because the plot is linear, it isn’t so bad. 

𝑎 = 𝑠𝑙𝑜𝑝𝑒 =
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
 

𝑎 =
ቀ−100

mm
s

 ቁ − ቀ200
mm

s
ቁ

(0.60 s) − (0.00 s)
 

𝒂 = −𝟓𝟎𝟎
𝐦𝐦

𝐬𝟐
 

5c) Moving backwards implies 𝑣 < 0. 
This occurs between 𝒕 = 𝟎. 𝟒𝟎 s → 𝟏. 𝟎𝟎 s. 
 
5d) Moving backwards implies 𝑣 < 0.   
Slowing down implies 𝑎 has opposite sign as 𝑣 (in this case 𝑎 > 0). 
Recall, acceleration is the slope of the 𝑣𝑡 curve. 
Therefore we are looking for times with negative velocity and positive slope. 
This occurs between 𝒕 = 𝟎. 𝟔𝟎 s → 𝟏. 𝟎𝟎 s. 
 



*****6) For the fall Δ𝑦 = −ℎ, 𝑎௬ = −𝑔,  and  𝑣௜௬ = 0 (rock dropped, not thrown). 

Δ𝑦 =
1

2
𝑎௬𝑡ଵ

ଶ + 𝑣௜௬𝑡ଵ 

−ℎ =
1

2
(−𝑔)𝑡ଵ

ଶ 

𝒉 =
𝒈

𝟐
𝒕𝟏

𝟐 

For the sound returning to the rock dropper after the splash 
ℎ = 𝑣௦௢௨௡ௗ𝑡ଶ 

ℎ = 𝑣௦௢௨௡ௗ(𝑡௧௢௧௔௟ − 𝑡ଵ) 
From here you could go a couple of different ways. 
You could isolate 𝑡ଵ in the lower equation, plug into the upper equation, and solve the quadratic for ℎ. 
Alternatively, you could set the equations equal, solve the quadratic for 𝑡ଵ, then use the upper equation to get ℎ. 
I kept a couple extra sig figs on the intermediate calculations since the quadratic formula involves a subtraction. 

𝑡ଵ = 𝑡௧௢௧௔௟ −
ℎ

𝑣௦௢௨௡ௗ

 

ℎ =
𝑔

2
൬𝑡௧௢௧௔௟ −

ℎ

𝑣௦௢௨௡ௗ

൰
ଶ

 

2ℎ

𝑔
= 𝑡௧௢௧௔௟

ଶ +
ℎଶ

𝑣௦௢௨௡ௗ
ଶ −

2ℎ𝑡௧௢௧௔௟

𝑣௦௢௨௡ௗ

 

2ℎ

𝑔
𝑣௦௢௨௡ௗ

ଶ = 𝑣௦௢௨௡ௗ
ଶ 𝑡௧௢௧௔௟

ଶ + ℎଶ − 2ℎ𝑣௦௢௨௡ௗ𝑡௧௢௧௔௟ 

0 = ℎଶ − ℎ ቆ
2𝑣௦௢௨௡ௗ

ଶ

𝑔
+ 2𝑣௦௢௨௡ௗ𝑡௧௢௧௔௟  ቇ + 𝑣௦௢௨௡ௗ

ଶ 𝑡௧௢௧௔௟
ଶ  

0 = ℎଶ − ℎ

⎝

⎛
2 ቀ343

m
s

ቁ
ଶ

9.8
m
sଶ

+ 2 ቀ343
m

s
ቁ (5.00 s)

⎠

⎞ + ቀ343
m

s
ቁ

ଶ

(5.00 s)ଶ 

0 = ℎଶ − ℎ(2.744 × 10ସ m) + 2.9412 × 10଺ mଶ 

𝒉 = 𝟏𝟎𝟕. 𝟔 m 
 
  



*****7) There were several good ways to solve this problem.  Alternate methods described on the next page… 
First method: 
Since the ball starts at the origin and moves into the first quadrant, we can use Δ𝑥 = 𝑥 and Δ𝑦 = 𝑦 for this problem. 

Δ𝑦 = 𝑣௜௬𝑡 +
1

2
𝑎௬𝑡ଶ 

𝑦 = 𝑣 sin 𝜃 𝑡 −
1

2
𝑔𝑡ଶ 

Δ𝑥 = 𝑣௜௫𝑡 +
1

2
𝑎௫𝑡ଶ 

𝑥 = 𝑣 cos 𝜃 𝑡 
 

 
Now use the constraint equation. 

𝑦 = 𝑘𝑥 

𝑣 sin 𝜃 𝑡 −
1

2
𝑔𝑡ଶ = 𝑘(𝑣 cos 𝜃 𝑡) 

Notice we can cancel a 𝑡 in each term then solve for 𝑡. 

𝑣 sin 𝜃 −
1

2
𝑔𝑡 = 𝑘(𝑣 cos 𝜃) 

𝑡 =
2𝑣

𝑔
(sin 𝜃 − 𝑘 cos 𝜃) 

From here we can use 
𝑣௙௬ = 𝑣௜௬ + 𝑎௬𝑡 

𝑣௙௬ = 𝑣 sin 𝜃 + (−𝑔) ൤
2𝑣

𝑔
(sin 𝜃 − 𝑘 cos 𝜃)൨ 

𝑣௙௬ = 𝑣 sin 𝜃 − 2𝑣(sin 𝜃 − 𝑘 cos 𝜃) 

𝒗𝒇𝒚 = 𝟐𝒌𝒗 𝐜𝐨𝐬 𝜽 − 𝒗 𝐬𝐢𝐧 𝜽 

 
  



Alternate method 1:  
You were told the distance along the ramp was 𝑑. 
Consider the figure at right. 
Notice you could use  

𝑥ଶ + 𝑦ଶ = 𝑑ଶ 

𝑥ଶ + (𝑘𝑥)ଶ = 𝑑ଶ 

𝑥 =
𝑑

√1 + 𝑘ଶ
 

From there one could determine 𝑦 = 𝑘𝑥 =
௞ௗ

ඥଵା௞మ
 then plug into the 𝑣௙௬

ଶ = 𝑣௜௬
ଶ + 2𝑎௬Δ𝑦  eqt’n to determine 𝑣௙௬ . 

𝑣௙௬
ଶ = ±ඨ𝑣ଶ sinଶ 𝜃 −

2𝑔𝑘𝑑

√1 + 𝑘ଶ
 

Discussion of ± sign follows after next alternate method… 
 
Alternate method 2:  
Consider the figure at right. 
Notice 

𝛼 = tanିଵ ቀ
𝑦

𝑥
ቁ = tanିଵ 𝑘 

We also know impact height is 𝑦 = 𝑑 sin 𝛼 = 𝑑 sin(tanିଵ 𝑘). 

While ugly, you could plug this into the 𝑣௙௬
ଶ = 𝑣௜௬

ଶ + 2𝑎௬Δ𝑦  eqt’n to determine 𝑣௙௬ . 

𝑣௙௬
ଶ = ±ඥ𝑣ଶ sinଶ 𝜃 − 2𝑔𝑑 sin(tanିଵ 𝑘) 

Think about the ± symbol: 
Consider what happens if 𝑘 is a big number versus a tiny number. 
Under what circumstances, in general, should you use the positive root? 
Notice the first solution, on the previous page, did not require this kind of thought process. 
I argue that makes the first page solution a better solution. 
 
 
 
 
****8) Everything is in meters for this problem.  I will ignore units until the final answer.  In this problem we know 

𝑑ଵ + 𝑑ଶ = 𝑟 

𝑑ଶ = 𝑟 − 𝑑ଵ 
Watch out!  Notice the angle for final position vector is given to the negative 𝑦 axis. 
We expect negative components for both 𝚤 ̂& 𝚥̂.  We expect the 𝚥̂ term to use cos 22.2°… 

𝑑ଶ = ൫8.88 sin 22.2° (−𝚤)̂ + 8.88 cos 22.2° (−𝚥̂)൯ − ൫6.66𝚤̂ + 4.44𝑘෠൯ 

𝑑ଶ = ൫−3.355𝚤̂ − 8.222𝚥̂൯ − ൫6.66𝚤̂ + 4.44𝑘෠൯ 

𝑑ଶ = −10.015𝚤̂ − 8.222𝚥̂ − 4.44𝑘෠  

The distance traveled during the second displacement is the magnitude of this vector. 
𝒅𝟐 = 𝟏𝟑. 𝟕𝟎 m 

Note: in general we include an extra sig fig on a number if the first digit is a 1. 
Also, units are required on the final answer for full credit. 
  

𝑑 
𝑦 = 𝑘𝑥 

𝑥 
𝛼 

𝜃 



****9) We are given 

𝑎 =
𝑏𝑡

𝑣଺
 

To get velocity as a function of time, use the separation of variables technique. 
𝑑𝑣

𝑑𝑡
=

𝑏𝑡

𝑣଺
 

𝑣଺  𝑑𝑣 = 𝑏𝑡 𝑑𝑡 

න 𝑣଺ 𝑑𝑣
௩೑

௩బ

= න 𝑏𝑡 𝑑𝑡
௧೑

௧೔ୀ଴

 

𝑣௙
଻

7
−

𝑣଴
଻

7
=

𝑏𝑡௙
ଶ

2
− 0 

After integration, we can change 𝑡௙ → 𝑡.  At this point, 𝑣௙  is equivalent to 𝑣(𝑡)… 

𝑣௙ = 𝑣(𝑡) = ඨ𝑣଴
଻ −

7

2
𝑏𝑡ଶ

ళ

 

 
 

 


