
Physics 130
Exam 1

Short Answer.  Please answer all of the short answer questions.

1.  A new group is trying to shatter the land speed record.   Their goal is to go 1000 mi/hr.  How 
fast is this in m/s?

v = 1000mi
hr

⋅
1600 km
1mi

⋅
1hr
3600s

= 444.4m / s

2.  You have a leaky faucet.   If it drips once per second, estimate how what volume water you 
will have wasted in 1 year.   If the density of water is 1000 kg/m3, what mass of water is this?

Estimated that each droplet is 1/8 cm3.

V =
1 / 8cm3

s
⋅
3600s
1hr

⋅
24hrs
1day

⋅
365days
1yr

⋅1yr = 3.94 ×106cm3

= 3.94 ×106cm3 ⋅
1m

100cm
⎛
⎝⎜

⎞
⎠⎟
3

= 3.94m3

m =
1000kg
m3 ⋅ 3.94m3 = 3940kg

3.  If the vehicle that is attempting to break the land speed record by reaching 1000 mi/hr 
achieves a constant acceleration of 1.5 g’s, how long will it take to reach its design speed of 1000 
mi/hr?   Assume it started from rest.

xi = 0
xf = ?
vi = 0m / s
vf = 444.4m / s
a = 1.5g

t = ?

                     
vf = vi + at
vf = 0 +1.5gt

t =
vf
1.5g

=
444.4m / s
1.5 ⋅9.8m / s2

= 30.23s

4.  How far will you need to stop your vehicle if it is going 1000 mi/hr?   Assume that the vehicle 
can decelerate with magnitude 0.5 g.  



xi = 0
x f = ?
vi = 444.4m / s
vf = 0m / s
a = −0.5g
t = ?

             

vf
2 = vi

2 + 2a(x f − xi )

0 = vi
2 + 2(−0.5g)(x f − 0)

x f =
vi

2

2(0.5g)
= 20,152.2m

5.   The position of a particle is given by

x(t) = 2 + 5t 2 +10t 3

Find the average velocity over the interval 0 s to 2 s, the instantaneous velocity at 1s, and the 
instantaneous acceleration at 1s.

x(t) = 2 + 5t 2 +10t 3

x(0) = 2m
x(2) = 102m

vavg =
x(2) − x(0)

2s
= 50m / s

      
x(t) = 2 + 5t 2 +10t 3

v(t) =10t + 30t 2

v(1) = 40m / s
         

6.   Consider vectors   
!a = 4 î + −3 ĵ and    

!
b = 13î + 5 ĵ  Compute the magnitude and direction of 

BOTH  
!a  and  


b . Compute the result of   

a −

b ,   
a ⋅

b , and  

a ×

b .  What is the angle between 

the two vectors?  

 

!
a = 4 î + −3 ĵ
!
a = (4)2 + (−3)2 = 5

tanθa =
−3
4

→θa = tan
−1 −3

4
⎛
⎝⎜

⎞
⎠⎟
= −36.87°

!
b = 13 î + 5 ĵ
!
b = (13)2 + (5)2 = 194 = 13.93

tanθb =
5
13

→θb = tan
−1 5
13

⎛
⎝⎜

⎞
⎠⎟
= 21.04°

        



 

a −

b = −9î − 8 ĵ

a ⋅

b = (4 ⋅13) + (−3 ⋅5) = 37

a ×

b = det

î ĵ k̂
4 −3 0
13 5 0

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
= k̂(4 ⋅5 − (−3 ⋅13)) = 59k̂

cosθ =
a ⋅

b
a

b

=
37

5 ⋅13.93
→θ = cos−1 37

5 ⋅13.93
⎛
⎝⎜

⎞
⎠⎟
= 57.91°

7.  A ship sails on Lake Michigan.  It travels from the origin a distance 5 km East and 15 km 
Southeast.   What is her position in unit-vector notation?   What is her position in terms of angle 
and direction?

 


a = 5kmöi + 0km öj

b = 15cos45kmöi ! 15sin45 öj

a +

b = 15.61kmöi ! 10.61km öj


a +

b = 15.612 + (! 10.61)2 = 18.87km

tan" =
! 10.61
15.61

# " = tan! 1 ! 10.61
15.61

$
%&

'
()

= ! 34.2¡

34.2¡ Southof East

8.   You bicycle to the river town Oquawka from Monmouth.   The distance to Oquawka is 
approximately  16 miles.   It takes you 1.5 hours for this trip (the wind is out of the west and 
against you, so the riding is hard).   You spend 2 hours watching barges move up and down the 
river.   You return to Monmouth with the wind at your back, and it takes only 1 hour to return.   
What is you average speed for the trip to Oquawka, the trip back from Oquawka, and for the 
entire trip.   (Hint:   Don’t forget to include the time that you spent watching the river in your 
calculation of the entire trip).  What is the average velocity for this round trip to Oquawka.

sMtoO =
16mi
1.5hr

= 10.67mi / hr

sOtoM =
16mi
1.0hr

= 16.00mi / hr

sMtoM =
32mi
4.5hr

= 10.67mi / hr

vMtoM = 0.0

 9.  Sketch the position vs. time, velocity vs. time and acceleration vs. time for a free falling 
object with no friction?
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Problems.  Please work 2 of the three problems and clearly indicate which problems you 
wish to have graded.

1.   A piece of foam drops from rocket that is diving straight down at 150 m/s.  The rocket is at 
2000m when the foam is dropped.  Ignore frictional effects.
a)  How long does it take for the foam to reach the ground?

yi = 2000m
yf = 0.0m
vi = −150m / s
vf = ?

a = −g
t = ?

         

yf = yi + vit +
1
2

at2

0 = yi + vit −
1
2

gt2

t =
−vi ± vi

2 − 4 − 1
2

g⎛
⎝⎜

⎞
⎠⎟ yi

2 − 1
2

g⎛
⎝⎜

⎞
⎠⎟

= 10.04s

b)  Assuming the rocket continues to travel at constant speed, how long until the rocket strikes 
the ground.

yi = 2000m
yf = 0.0m
vi = ! 150m / s
vf = ?
a = ! g
t = ?

                   

yf = yi + vit +
1
2

at2

0 = yi + vit − 0

t =
yi

vi

= 13.33s

c)  Which strikes the ground first--rocket or foam?  Why?

The foam because it accelerates.   The rocket does not.

d)  What is the speed of the foam when it hits the ground?



vf = vi + at
= vi − gt
= −248.39m / s

s = 248.39m / s

2.  A stone passes the 4th floor of HT on it’s way to its maximum height, after being thrown from 
the ground upward perfectly vertically.   The stone reaches a maximum height of 200 m.
a) What initial velocity did the stone have?

yi = 0.0m

yf = 200.0m

vi = ?
vf = 0m / s
a = −g

t = ?

         

vf
2 = vi

2 + 2a(yf − yi )

0 = vi
2 + 2(−g)(yf − 0)

vi
2 = 2(g)(yf )

vi = 2gyf = 62.6m/ s

b)  How long does did it take to reach it’s maximum height?

vf = vi + at
0 = vi − gt

t = vi
g
= 6.39s

c)  If the 4th floor of HT is 16m above the ground, when did it pass the 4th floor?

yf = yi + vit +
1
2
at 2

yf = 0 + vit −
1
2
gt 2

1
2
gt 2 − vit + yf = 0

t =
vi ± vi

2 − 4 1
2
g⎛

⎝⎜
⎞
⎠⎟ yf

2 1
2
g⎛

⎝⎜
⎞
⎠⎟

= 0.261s

d)  How fast was the stone going when it passed the 4th floor?



vf = vi + at
vf = vi − gt = 60.04m / s

3.  Navigating while on the open ocean is difficulty because there are few markers to indicate 
your position.  This is particularly true on a cloudy day or a cloudy night, when even the sun, 
moon, and stars are invisible.  Imagine setting off from Europe and sailing due west at  20 km/hr 
for 12 hours and then turning Northwest and sailing at 30 km/hr for 8 hours.   
a)   Draw the trip.	



b)  What is the position of the ship after the sailing described?

 

!a = −240km î + 0km ĵ
!
b = −240cos45km î + 240sin 45 ĵ
!a +

!
b = −409.7km î +169.7km ĵ

c)   At what distance and at what angle would a crow fly to get directly to the group?

 

a +

b = ! 409.7( )2 + (169.7)2 = 443.46km

tan" =
169.7
! 409.7

# " = tan! 1 169.7
! 409.7

$
%&

'
()

= 157.5¡

67.5W of N
d)  What velocity vector would a rescue helicopter need to reach the ship in only 2 hours?  What 
magnitude velocity is this?

 

v = −409.7km î +169.7km ĵ
2hrs

v =
443.46km
2hrs

Conversions:



1 mile = 1.6 km	

 	

 1 foot = 0.3048 m
1 inch = 2.54 cm
1 mile = 5280 ft.
pico=10-12

Constants:
g =   9.8 m/s2 	

= 32 ft/s2
	



Misc. Equations:

Volume of a sphere = 4
3
π r 3	

 	

 Volume of a cylinder = πr2L

Area of a circle = πr2 ! ! Volume of a rect. obj. = L x W x D

sinθ = opp/hyp
cosθ  = adj/hyp
tanθ = opp/adj

Derivative of a Polynomial.

         

� 

d
dt
(! t n ) = n! t n "1

           


