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Classical Mechanics 
Lecture 11

Today’s	
  Concept:

	
   Inelas2c	
  Collisions
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it	
  is	
  really	
  hard	
  to	
  imagine	
  the	
  fric2onless	
  situa2on	
  since	
  it's	
  just	
  impossible	
  to	
  
have	
  absolute	
  fric2onless	
  surface	
  on	
  the	
  earth

I	
  find,	
  o@en,	
  thinking	
  about	
  things	
  in	
  terms	
  of	
  vectors	
  is	
  very	
  helpful.	
  Would	
  it	
  be	
  
possible	
  to	
  go	
  through	
  the	
  second	
  part	
  of	
  the	
  cart	
  ques2on	
  in	
  terms	
  of	
  vectors?	
  
Because	
  I'm	
  a	
  bit	
  confused.	
  Though	
  I'm	
  happy	
  because	
  inelas2c	
  collisions	
  finally	
  
make	
  sense!	
  Yay!

Would	
  like	
  some	
  more	
  of	
  the	
  examples	
  like	
  in	
  the	
  prelecture



"There's no challenge in breaking a board. 
Boards don't hit back."
! Bruce Lee

 That’s not really true, Bruce.

Newton’s 3rd law works here.
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What	
  is	
  the	
  different	
  between	
  conserva2on	
  of	
  Momentum	
  and	
  
conserva2on	
  of	
  energy?	
  How	
  do	
  I	
  know	
  if	
  the	
  Momentum	
  is	
  
conserve	
  or	
  energy	
  is	
  conserve?	
  

Momentum	
  (Prelecture	
  11)

Energy	
  (Prelecture	
  8)
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Clicker Question

A)	
  Before	
  the	
  collision.
B)	
  During	
  the	
  collision
C)	
  A@er	
  the	
  collision
D)	
  All	
  of	
  the	
  above
E)	
  Only	
  A	
  and	
  C	
  above

Before A@er

As	
  long	
  as	
  there	
  are	
  no	
  external	
  forces	
  
ac2ng	
  on	
  the	
  system

A	
  wood	
  block	
  rests	
  at	
  rest	
  on	
  a	
  table.	
  A	
  bullet	
  shot	
  into	
  
the	
  block	
  stops	
  inside,	
  and	
  the	
  bullet	
  plus	
  block	
  start	
  sliding	
  on	
  the	
  
fric2onless	
  surface.	
  The	
  momentum	
  of	
  the	
  bullet	
  plus	
  block	
  remains	
  
constant	
  



Center-of-mass problem

A	
  railroad	
  car	
  is	
  20	
  m	
  long	
  with	
  mass	
  of	
  25	
  tonnes.	
  
(2.5x104	
  kg)

A	
  tank	
  of	
  water	
  7m	
  x	
  2m	
  x	
  2m	
  is	
  in	
  the	
  car.	
  It	
  is	
  0.5	
  m	
  
from	
  the	
  end	
  of	
  the	
  car.

The	
  water	
  leaks.

If	
  the	
  wheels	
  are	
  fric2onless	
  how	
  much	
  does	
  the	
  
railroad	
  car	
  move	
  a@er	
  the	
  water	
  has	
  leaked	
  out?
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Center-of-mass problem

x=0

after

mc = 25 x 104 kg
mw = 7 x 2 x 2 x ρwater

xc,cm = 10 m
xw,cm = 4 m

before

xʹ′c,cm = xʹ′w,cm

= xʹ′total,cm

after

xtotal,cm = xʹ′total,cm
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xtotal,cm =(25000*10 + 28000*4)/(25000+28000)
           =6.83 m

Distance moved is  xʹc,cm – xc,cm =  6.83 m –10 m = – 3.17 m

=xʹ′c,cm
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156 | C H A P T E R  5 Additional Applications of Newton’s Laws

F I G U R E  5 - 5 1

Example 5-17 Changing Places in a Rowboat

Pete (mass 80 kg) and Dave (mass 120 kg) are in a rowboat (mass 
60 kg) on a calm lake. Dave is near the bow of the boat, rowing, and
Pete is at the stern, 2.0 m from the center. Dave gets tired and stops
rowing. Pete offers to row, so after the boat comes to rest they
change places. How far does the boat move as Pete and Dave change
places? (Neglect any horizontal force exerted by the water.)

PICTURE Let the system be Dave, Pete, and the boat. There are 
no external forces in the horizontal direction, so the center of mass
does not move horizontally relative to the water. Flesh out 
Equation 5-15 both before and after Pete and Dave
change places.

SOLVE

(Mxcm ! gmixi)

1. Make a sketch of the system in its initial
and final configurations (Figure 5-52). Let

and let the distance
the boat moves forward when Pete and
Dave switch places:

d ! ¢xboat ,L ! 2.0 m

L = 2.0 m

80 kg

80 kg

120 kg

120 kg

xPete i xDave i +xxcm i xboat i

xPete fxDave f +xxcm f xboat f

∆xboat

F I G U R E  5 - 5 2 Pete and Dave changing places viewed from the
reference frame of the water. The blue dot is the center of mass of the
boat and the black dot is the center of mass of the Pete–Dave–boat
system.

SOLVE

1. Let be the initial position of the projectile. The landing
positions and of the fragments are related to the final position of
the center of mass by:

x2x1

x ! 0
or 2xcm ! x1 " x2

(2m)xcm ! mx1 " mx2

2. At impact, and where is the horizontal
range for the unexploded projectile. Solve for :x2

R ! 55 mx1 ! 0.5R,xcm ! R

83 m! 1.5(55 m) !

x2 ! 2xcm # x1 ! 2R # 0.5R ! 1.5R

CHECK Fragment #1 was pushed backwards by the explosive forces, so fragment #2 was
pushed forward by an equal but opposite force. As expected, fragment #2 impacts the
ground at a distance farther from the launch point than the projectile would have impacted
had it not exploded into two pieces.

TAKING IT FURTHER In Figure 5-51, height versus distance is plot-
ted for exploding projectiles when fragment #1 has a horizontal veloc-
ity of half of the initial horizontal velocity. The center of mass follows
a normal parabolic trajectory, as it did in the original example in which
fragment #1 falls straight down. If both fragments have the same ver-
tical component of velocity after the explosion, they land at the same
time. If just after the explosion the vertical component of the velocity
of one fragment is less than that of the other, the fragment with the
smaller vertical-velocity component will hit the ground first. As soon
as it does, the ground exerts a force on it and the net external force on
the system is no longer just the gravitational force. From that instant
on, our analysis is invalid.

PRACTICE PROBLEM 5-8 If the fragment that falls straight down
has twice the mass of the other fragment, how far from the launch po-
sition does the lighter fragment land?
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“I find that pre lecture materials are insufficient when explaining 
concepts in applied situations because I'm not 100% sure about 
how the concept will be applied in certain situations.”



Mechanics	
  	
  Lecture	
  11,	
  Slide	
  6

Recap
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p1

p2

p2

p1

pinit

pfinal
θ

Homework Problem
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CheckPoint

A)	
  Yes,	
  and	
  it	
  moves	
  to	
  the	
  right.

B)	
  Yes,	
  and	
  it	
  moves	
  to	
  the	
  le@.

C)	
  No,	
  it	
  remains	
  in	
  place.

Le@ Right

Conserva2on	
  of	
  momentum	
  means	
  the	
  cart	
  must	
  
move	
  to	
  the	
  right	
  since	
  the	
  ball	
  moves	
  to	
  the	
  le@.	
  

Suppose	
  you	
  are	
  on	
  a	
  cart	
  ini2ally	
  at	
  rest	
  that	
  rides	
  on	
  a	
  fric2onless	
  
track.	
  If	
  you	
  throw	
  a	
  ball	
  off	
  the	
  cart	
  towards	
  the	
  le@,	
  will	
  the	
  cart	
  be	
  
put	
  into	
  mo2on?
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A)	
  Yes,	
  and	
  it	
  moves	
  to	
  the	
  right.
B)	
  Yes,	
  and	
  it	
  moves	
  to	
  the	
  le@.

C)	
  No,	
  it	
  remains	
  in	
  place.

Le@ Right

CheckPoint

Suppose	
  you	
  are	
  on	
  a	
  cart	
  which	
  is	
  ini2ally	
  at	
  rest	
  that	
  rides	
  on	
  a	
  
fric2onless	
  track.	
  You	
  throw	
  a	
  ball	
  at	
  a	
  ver2cal	
  surface	
  that	
  is	
  firmly	
  
a]ached	
  to	
  the	
  cart.	
  	
  If	
  the	
  ball	
  bounces	
  straight	
  back	
  as	
  shown	
  in	
  
the	
  picture,	
  will	
  the	
  cart	
  be	
  put	
  into	
  mo2on	
  a@er	
  the	
  ball	
  bounces	
  
back	
  from	
  the	
  surface?
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Le@ Right

A)	
  Yes,	
  and	
  it	
  moves	
  to	
  the	
  right.
B)	
  Yes,	
  and	
  it	
  moves	
  to	
  the	
  le@.

C)	
  No,	
  it	
  remains	
  in	
  place.

B)	
  There	
  are	
  s2ll	
  no	
  external	
  forces,	
  so	
  the	
  final	
  velocity	
  of	
  the	
  cart	
  must	
  
be	
  to	
  the	
  le@	
  in	
  order	
  to	
  account	
  for	
  the	
  final	
  velocity	
  of	
  the	
  ball	
  to	
  the	
  
right.
C)	
  A@er	
  the	
  ball	
  has	
  bounced	
  off,	
  the	
  reac2on	
  force	
  of	
  the	
  bounce	
  will	
  
stop	
  the	
  mo2on	
  caused	
  by	
  the	
  reac2on	
  force	
  from	
  the	
  throwing.

CheckPoint
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Clicker Question

A)	
  Increase

B)	
  Decrease

C)	
  Will	
  not	
  change

v

As	
  long	
  as	
  there	
  are	
  no	
  external	
  forces	
  
ac2ng	
  on	
  the	
  system, Ptotal is	
  conserved

Suppose	
  you	
  are	
  on	
  a	
  cart	
  that	
  is	
  moving	
  at	
  a	
  constant	
  speed	
  v	
  toward	
  
the	
  le@	
  on	
  a	
  fric2onless	
  track.	
  If	
  you	
  throw	
  a	
  massive	
  ball	
  straight	
  up	
  
(rela2ve	
  to	
  the	
  cart),	
  how	
  will	
  the	
  speed	
  of	
  the	
  cart	
  change?

Le@ Right
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Two	
  balls	
  of	
  equal	
  mass	
  are	
  thrown	
  horizontally	
  with	
  
the	
  same	
  ini2al	
  velocity.	
  	
  They	
  hit	
  iden2cal	
  sta2onary	
  
boxes	
  res2ng	
  on	
  a	
  fric2onless	
  horizontal	
  surface.	
  	
  
The	
  ball	
  hi_ng	
  box	
  1	
  bounces	
  back,	
  while	
  the	
  ball	
  
hi_ng	
  box	
  2	
  gets	
  stuck.

Which	
  box	
  ends	
  up	
  moving	
  faster?

A)	
  	
  	
  Box	
  1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  Box	
  2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  same	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

CheckPoint

1 2
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CheckPoint
Which	
  box	
  ends	
  up	
  moving	
  faster?

A)	
  	
  	
  Box	
  1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  Box	
  2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  same	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

A)	
  As	
  the	
  ball	
  bounces	
  to	
  the	
  le@,	
  cart	
  1	
  moves	
  faster	
  to	
  the	
  right	
  to	
  
conserve	
  momentum.

B)	
  Some	
  of	
  the	
  energy	
  is	
  not	
  transferred	
  to	
  
box	
  1,	
  since	
  the	
  ball	
  bounces	
  back

C)	
  The	
  star2ng	
  velocity	
  and	
  mass	
  is	
  all	
  the	
  
same	
  so	
  the	
  momentum	
  will	
  be	
  the	
  same	
  in	
  
both	
  cases.

Think	
  of	
  a	
  2-­‐step	
  “bounce”

1 2



A)	
  A

B)	
  B

C)	
  They	
  both	
  have	
  the	
  same	
  chance.
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Clicker Question

A B

Two	
  equal-­‐mass	
  balls	
  swing	
  down	
  and	
  hit	
  iden2cal	
  bricks	
  while	
  
traveling	
  at	
  iden2cal	
  speeds.	
  	
  Ball	
  A	
  bounces	
  back,	
  but	
  ball	
  B	
  just	
  
stops	
  when	
  it	
  hits	
  the	
  brick.	
  Which	
  ball	
  is	
  more	
  likely	
  to	
  knock	
  the	
  
brick	
  over?

bounces back sticks
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A B

ΔPA
ΔPB

The	
  change	
  in	
  the	
  momentum	
  of	
  the	
  ball	
  is	
  bigger	
  in	
  A

ΔPA > ΔPB
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I	
  am	
  in	
  dire	
  need	
  of	
  more	
  cool	
  demos,	
  as	
  without	
  them	
  I	
  may	
  be	
  
tempted	
  to	
  like	
  math	
  more	
  than	
  physics.	
  You	
  wouldn't	
  want	
  that	
  
would	
  you?	
  

h]p://youtu.be/GO_Gmfsib6M
h]p://youtu.be/7sIE03Ac3t0

http://youtu.be/GO_Gmfsib6M
http://youtu.be/GO_Gmfsib6M
http://youtu.be/GO_Gmfsib6M
http://youtu.be/GO_Gmfsib6M
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H
m

M

A	
  projec2le	
  of	
  mass	
  m	
  moving	
  horizontally	
  with	
  speed	
  v	
  strikes	
  a	
  
sta2onary	
  mass	
  M	
  suspended	
  by	
  strings	
  of	
  length	
  L.	
  	
  
Subsequently,	
  m + M rise	
  to	
  a	
  height	
  of	
  H.	
  	
  

Given	
  H,	
  what	
  is	
  the	
  ini2al	
  speed	
  v	
  of	
  the	
  projec2le?

v

Ballistic Pendulum



Which	
  quan22es	
  are	
  conserved	
  before	
  the	
  collision?

A)	
  momentum	
  
B)	
  mechanical	
  energy
C)	
  both	
  momentum	
  and	
  mechanical	
  energy

m
M

v
V

H

before during a@er

splat

Breaking it down into steps
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Which	
  quan22es	
  are	
  conserved	
  during	
  the	
  collision?

A)	
  momentum	
  
B)	
  mechanical	
  energy
C)	
  both	
  momentum	
  and	
  mechanical	
  energy

m
M

v
V

H

before during a@er

splat

Breaking it down into steps
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during



Which	
  quan22es	
  are	
  conserved	
  a@er	
  the	
  collision

A)	
  momentum	
  
B)	
  mechanical	
  energy
C)	
  both	
  momentum	
  and	
  mechanical	
  energy

m
M

v
V

H

before during a@er

splat

Breaking it down into steps
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a@er



H
m

Mv

Ballistic Pendulum
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v =
p

2gH
✓m + M

m

◆
v =
p

2gH
✓
1 +

M
m

◆



v =
p

2gH
✓
1 +

M
m

◆

Ballistic Pendulum Demo
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In	
  the	
  demo	
  we	
  measure	
  forward	
  displacement	
  d,	
  not	
  H:

Hm
Mv

L L
L L

M + m

d

L

d H 

L−H v = d
p

g/L
✓
1 +

M
m

◆

for	
  d << L

≈ (50 s-1) d



H = L � L
 
1 � d2

2L2

!

H = L � L +
d2

2L
=

d2

2L

v =
p

2gH
✓
1 +

M
m

◆

v =

r
2g

d2

2L

✓
1 +

M
m

◆

v = d
r

g
L

✓
1 +

M
m

◆

because you asked

m	
  =	
  0.325	
  kg,	
  M=4.216	
  kg

L	
  =	
  0.68	
  +0.055	
  m	
  =	
  0.740	
  m

sqrt(g/L)	
  =	
  3.56	
  s-­‐1	
  ,	
  (1+M/m)	
  	
  =	
  13.70

	
  sqrt(g/L)	
  (1+M/m)	
  	
  =	
  50	
  s-­‐1

L

d H 

L−H 

p
1 � x ⇡ 1 � x

2
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Review questions from previous midterm1 

Use	
  ra2os.	
  Propor2onal	
  reasoning.
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Surname: Given Name: Student number:

Academic Honesty: In accordance with the Academic Honesty Policy (T10.02), academic dishonesty in any
form will not be tolerated. Prohibited acts include, but are not limited to, the following:

• making use of any books, papers, electronic devices or memoranda, other than those authorized by the examiners.

• speaking or communicating with other students who are writing examinations.

• copying from the work of other candidates or purposely exposing written papers to the view of other candidates.

Question # Mark Maximum Mark

Multiple Choice 20

11 10

12 10

Total = /40

Your SPECIAL CODE is 3333. Bubble in your Name, Student Number and Special Code
on the Bubble Sheet and check it. Enter your answers to the multiple choice questions on the
bubble sheet by blackening in the circle corresponding to the best answer. There is only one
correct answer per question.

There are 10 multiple choice questions. Select the correct answer for each one and mark it on the
bubble form on the cover sheet. Each question has only one correct answer. (2 marks each)

1. There are five cats for every four dogs in Fe-
landia. If C represents the number of cats and
D the number of dogs which equation best repre-
sents this relationship?

(a) CD = 20

(b) 5D = 4C

(c) 4D = 5C

2. The following motion diagram represents accel-
eration of +5 m/s2.

What acceleration does the next diagram repre-
sent?

(a) �5 m/s2

(b) �10 m/s2

(c) +5 m/s2

(d) +10 m/s2

(e) None of the above

3. The SI units for the coe�cient of friction are

(a) None of these is correct; the coe�cient of
friction has no units.

(b) newtons times metres.
(c) newtons per metre.
(d) metres.
(e) newtons.

4. An object is travelling in a straight line and has
velocity v1 = �0.5 m/s and one second later its

1

5D = 4C



The	
  first	
  diagram	
  represents	
  nega2ve	
  velocity	
  ge_ng	
  
less	
  nega2ve,	
  the	
  second	
  represents	
  posi2ve	
  velocity	
  
ge_ng	
  more	
  posi2ve.	
  Both	
  represent	
  posi2ve	
  
accelera2on.	
  Also	
  no2ce	
  that	
  the	
  smallest	
  and	
  largest	
  
steps	
  are	
  the	
  same	
  in	
  both	
  cases.
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landia. If C represents the number of cats and
D the number of dogs which equation best repre-
sents this relationship?

(a) CD = 20

(b) 5D = 4C

(c) 4D = 5C

2. The following motion diagram represents accel-
eration of +5 m/s2.

What acceleration does the next diagram repre-
sent?

(a) �5 m/s2

(b) �10 m/s2

(c) +5 m/s2

(d) +10 m/s2

(e) None of the above

3. The SI units for the coe�cient of friction are

(a) None of these is correct; the coe�cient of
friction has no units.

(b) newtons times metres.
(c) newtons per metre.
(d) metres.
(e) newtons.

4. An object is travelling in a straight line and has
velocity v1 = �0.5 m/s and one second later its

1
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bubble form on the cover sheet. Each question has only one correct answer. (2 marks each)

1. There are five cats for every four dogs in Fe-
landia. If C represents the number of cats and
D the number of dogs which equation best repre-
sents this relationship?

(a) 5D = 4C

(b) 4D = 5C

(c) CD = 20

2. The following motion diagram represents accel-
eration of +5 m/s2.

What acceleration does the next diagram repre-
sent?

(a) +5 m/s2

(b) +10 m/s2

(c) �5 m/s2

(d) �10 m/s2

(e) None of the above

3. The SI units for the coe�cient of friction are

(a) newtons per metre.
(b) metres.
(c) newtons.
(d) newtons times metres.
(e) None of these is correct; the ce�cient of

friction has no units.

4. An object is travelling in a straight line and has
velocity v1 = �0.5 m/s and one second later its

1
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velocity is v2 = +0.5 m/s. The object’s accelera-
tion is

(a) 0
(b) -1 m/s2

(c) +1.0 m/s2

(d) none of the above

5. The figure represents the parabolic trajectory of
a projectile going from A to E. Air resistance is
negligible. What is the direction of the accelera-
tion at point B?.

Problems | 85

wishes to go on a straight line from A to B, where the line AB is per-
pendicular to the banks. The pilot should (a) head directly across
the river, (b) head 53° upstream from the line AB, (c) head 37° up-
stream from the line AB, (d) give up—the trip from A to B is not
possible with a boat of this limited speed, (e) do none of the above.

17 • During a heavy rain, the drops are falling at a constant
velocity and at an angle of 10° west of the vertical. You are walk-
ing in the rain and notice that only the top surfaces of your clothes
are getting wet. In what direction are you walking? Explain.

18 • In Problem 17, what is your walking speed if the
speed of the drops relative to the ground is 5.2 m/s?

19 • True or false (ignore any effects due to air resistance): 
(a) When a projectile is fired horizontally, it takes the same amount

of time to reach the ground as an identical projectile dropped
from rest from the same height. 

(b) When a projectile is fired from a certain height at an upward
angle, it takes longer to reach the ground than does an identical
projectile dropped from rest from the same height. 

(c) When a projectile is fired horizontally from a certain height, it
has a higher speed upon reaching the ground than does an
identical projectile dropped from rest from the same height.

20 • A projectile is fired at 35° above the horizontal. Any ef-
fects due to air resistance are negligible. At the highest point in
its trajectory, its speed is 20 m/s. The initial velocity had a hori-
zontal component of (a) 0, (b) (20 m/s) cos 35°, (c) (20 m/s) sin 35°, 
(d ) (20 m/s)/cos 35°, (e) 20 m/s.

21 • A projectile is fired at 35° above the horizontal. Any
effects due to air resistance are negligible. The initial velocity of
the projectile in Problem 20 has a vertical component that is
(a) less than 20 m/s, (b) greater than 20 m/s, (c) equal to 20 m/s,
(d) cannot be determined from the data given.

22 • A projectile is fired at 35° above the horizontal. Any
effects due to air resistance are negligible. The projectile lands at
the same elevation of launch, so the vertical component of the
impact velocity of the projectile is (a) the same as the vertical
component of its initial velocity in both magnitude and sign,
(b) the same as the vertical component of its initial velocity in
magnitude but opposite in sign, (c) less than the vertical com-
ponent of its initial velocity in magnitude but with the same
sign, (d) less than the vertical component of its initial velocity in
magnitude but with the opposite sign.

23 • Figure 3-29 represents the parabolic trajectory of a pro-
jectile going from A to E. Air resistance is negligible. What is the di-
rection of the acceleration at point B? (a) up and to the right,
(b) down and to the left, (c) straight up, (d) straight down, (e) the
acceleration of the ball is zero.

SSM

SSM

25 • True or false: 
(a) If an object’s speed is constant, then its acceleration must be

zero. 
(b) If an object’s acceleration is zero, then its speed must be

constant.
(c) If an object’s acceleration is zero, its velocity must be constant.
(d) If an object’s speed is constant, then its velocity must be

constant.
(e) If an object’s velocity is constant, then its speed must be

constant.

26 • The initial and final velocities of a particle are as shown
in Figure 3-30. Find the direction of the average acceleration.

SSM

F I G U R E  3 - 2 9 Problems 23 and 24
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F I G U R E  3 - 3 0 Problem 26

27 •• The automobile path shown in Figure 3-31 is made up of
straight lines and arcs of circles. The automobile starts from rest at
point A. After it reaches point B, it travels at constant speed until it
reaches point E. It comes to rest at point F. (a) At the middle of each
segment (AB, BC, CD, DE, and EF), what is the direction of the
velocity vector? (b) At which of these points does the automobile
have a nonzero acceleration? In those cases, what is the direction of
the acceleration? (c) How do the magnitudes of the acceleration
compare for segments BC and DE?

y

x
A

B

C D

F

E

F I G U R E  3 - 3 1 Problem 27

28 •• Two cannons are pointed directly toward each other, as
shown in Figure 3-32. When fired, the cannonballs will follow the
trajectories shown—P is the point where the trajectories cross each
other. If we want the cannonballs to hit each other, should the gun
crews fire cannon A first, cannon B first, or should they fire simul-
taneously? Ignore any effects due to air resistance.

24 • Figure 3-29 represents the trajectory of a projectile going
from A to E. Air resistance is negligible. (a) At which point(s) is the
speed the greatest? (b) At which point(s) is the speed the least?
(c) At which two points is the speed the same? Is the velocity also
the same at these points?

A

B

P

F I G U R E  3 - 3 2 Problem 28

(a) straight down,
(b) the acceleration of the ball is zero.
(c) up and to the right,
(d) down and to the left,
(e) straight up,

6. Consider the position-time graph for the motion
of a car. At which time (A,B,C,D or E) does
the car have the highest positive acceleration?
position

time

0

A B C D E

7. A block of mass m is at rest on an inclined plane
that makes an angle of 30 degrees with the hori-
zontal, as shown in the figure. Which of the fol-
lowing statements about the force of static fric-
tion is true?

(a) fs = mg cos 30�

(b) fs > mg cos 30�

(c) fs > mg

(d) fs = mg sin 30�

(e) None of the other statements is true.

8. Ball A is dropped from the top of a building and,
simultaneously, ball B is thrown vertically up-
ward from y = 0 with initial velocity v0. The two
ball’s collide at a height h/3 above the ground
while traveling in opposite directions. You may
neglect the sizes of the balls. What is the initial
velocity v0 of ball B?

(a) v0 =
�

3gh

(b) v0 =
�

6gh

(c) v0 =
1
2

�
3gh

(d) v0 =
1
3

�
gh

(e) none of the above B

Ah

h/3

y

0

g

v
o

9. The system in the figure consists of a steel ball
attached by a cord to a large block of wood. If
the system is dropped in a vacuum, the force in
the cord is

(a) equal to the weight of B.

(b) equal to the sum of the weights
of B and W.

(c) zero.

(d) equal to the di�erence of the
masses of B and W.

(e) equal to the di�erence of the
weights of B and W.

10. A particle of mass m is moving in uniform circu-
lar motion with radius r and speed v. Which case
has the greatest centripetal force?

(a) r = 2 m, v = 1 m/s

(b) r = 1 m. v = 2 m/s

(c) r = 1 m, v = 1 m/s

(d) r = 2 m, v = 2 m/s
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3. Felix the cat leaves his home and wanders 200
m up the street and then turns around and comes
back �50 m. Felix’s total displacement is

(a) 200 m

(b) �50 m

(c) 250 m

(d) 150 m
correct

(e) none of the above

200 m + (-50 m) = 150 m (88%/95%)

4. An object has velocities at two consecutive times
as illustrated by the following arrows that show
the magnitude and direction of the velocities at
times t1 and t2 where t1 is before t2.

v1 v2
�⇤ ⇥

The acceleration of the object could be repre-
sented by

(a) ⇤
(b) ⇥ correct
(c) zero

v2 is small negative, v1 is larger positive:
v2 � v1 =⇥ +⇥�. (71%/60%)

5. Here is a position-vs-time graph of a car moving
along a straight stretch of road:

position

time

0

A B C D E

v
t

v
t

v
t
v t

v t

At which time of the times A,B,C,D or E does
the car have the highest positive velocity?
A, the v vs t graph is most positive there.
(75%/81%)

6. Consider again the graph for the previous ques-
tion. At which time (A,B,C,D or E) does the car
have the highest positive acceleration? D, the v
vs t graph has the most positive slope there.
(12%/10%)

7. The trajectory of a projectile with initial velocity
in the horizontal direction can be expressed by
the formula y(x) = cx2 where c is a constant and
x and y are in metres. What are the dimensions
of c?

(a) m�1 correct
(b) m�2

(c) m/s2

(d) m2

(e) none of the above

The left-hand side of the equation has units of
m, x2 has units of m2 so c must have units of
m�1. (70%/60%

8. Ball A is dropped from the top of a building and,
simultaneously, ball B is thrown vertically up-
ward from y = 0 with initial velocity v0. The
two balls collide at a height h/3 above the ground
while traveling in opposite directions. You may
neglect the sizes of the balls. What is the initial
velocity v0 of ball B?

(a) v0 =
1
2

�
3gh cor-

rect

(b) v0 =
1
3

�
gh

(c) v0 =
�

3gh

(d) v0 =
�

6gh

(e) none of the above B

Ah

h/3

y

0

g

v
o

For the ball that’s dropped:

h � 1
2

gt2
c = h/3

For the ball that’s thrown upwards:

v0tc �
1
2

gt2
c = h/3

where tc is the time at which they collide.
These are two equations with two unknowns.
Eliminate tc and solve for v0. (32%/36%)

9. A locomotive is pulling a train of two cars and is
speeding up. Consider the tensions in the hitches:
TA is the tension between the engine and the first
car and TB is the tension in the hitch between the
first and second cars.

(a) TA < TB

(b) TA = TB

(c) TA > TB correct

2
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velocity is v2 = +0.5 m/s. The object’s accelera-
tion is

(a) 0
(b) -1 m/s2

(c) +1.0 m/s2

(d) none of the above

5. The figure represents the parabolic trajectory of
a projectile going from A to E. Air resistance is
negligible. What is the direction of the accelera-
tion at point B?.

Problems | 85

wishes to go on a straight line from A to B, where the line AB is per-
pendicular to the banks. The pilot should (a) head directly across
the river, (b) head 53° upstream from the line AB, (c) head 37° up-
stream from the line AB, (d) give up—the trip from A to B is not
possible with a boat of this limited speed, (e) do none of the above.

17 • During a heavy rain, the drops are falling at a constant
velocity and at an angle of 10° west of the vertical. You are walk-
ing in the rain and notice that only the top surfaces of your clothes
are getting wet. In what direction are you walking? Explain.

18 • In Problem 17, what is your walking speed if the
speed of the drops relative to the ground is 5.2 m/s?

19 • True or false (ignore any effects due to air resistance): 
(a) When a projectile is fired horizontally, it takes the same amount

of time to reach the ground as an identical projectile dropped
from rest from the same height. 

(b) When a projectile is fired from a certain height at an upward
angle, it takes longer to reach the ground than does an identical
projectile dropped from rest from the same height. 

(c) When a projectile is fired horizontally from a certain height, it
has a higher speed upon reaching the ground than does an
identical projectile dropped from rest from the same height.

20 • A projectile is fired at 35° above the horizontal. Any ef-
fects due to air resistance are negligible. At the highest point in
its trajectory, its speed is 20 m/s. The initial velocity had a hori-
zontal component of (a) 0, (b) (20 m/s) cos 35°, (c) (20 m/s) sin 35°, 
(d ) (20 m/s)/cos 35°, (e) 20 m/s.

21 • A projectile is fired at 35° above the horizontal. Any
effects due to air resistance are negligible. The initial velocity of
the projectile in Problem 20 has a vertical component that is
(a) less than 20 m/s, (b) greater than 20 m/s, (c) equal to 20 m/s,
(d) cannot be determined from the data given.

22 • A projectile is fired at 35° above the horizontal. Any
effects due to air resistance are negligible. The projectile lands at
the same elevation of launch, so the vertical component of the
impact velocity of the projectile is (a) the same as the vertical
component of its initial velocity in both magnitude and sign,
(b) the same as the vertical component of its initial velocity in
magnitude but opposite in sign, (c) less than the vertical com-
ponent of its initial velocity in magnitude but with the same
sign, (d) less than the vertical component of its initial velocity in
magnitude but with the opposite sign.

23 • Figure 3-29 represents the parabolic trajectory of a pro-
jectile going from A to E. Air resistance is negligible. What is the di-
rection of the acceleration at point B? (a) up and to the right,
(b) down and to the left, (c) straight up, (d) straight down, (e) the
acceleration of the ball is zero.

SSM

SSM

25 • True or false: 
(a) If an object’s speed is constant, then its acceleration must be

zero. 
(b) If an object’s acceleration is zero, then its speed must be

constant.
(c) If an object’s acceleration is zero, its velocity must be constant.
(d) If an object’s speed is constant, then its velocity must be

constant.
(e) If an object’s velocity is constant, then its speed must be

constant.

26 • The initial and final velocities of a particle are as shown
in Figure 3-30. Find the direction of the average acceleration.

SSM

F I G U R E  3 - 2 9 Problems 23 and 24
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27 •• The automobile path shown in Figure 3-31 is made up of
straight lines and arcs of circles. The automobile starts from rest at
point A. After it reaches point B, it travels at constant speed until it
reaches point E. It comes to rest at point F. (a) At the middle of each
segment (AB, BC, CD, DE, and EF), what is the direction of the
velocity vector? (b) At which of these points does the automobile
have a nonzero acceleration? In those cases, what is the direction of
the acceleration? (c) How do the magnitudes of the acceleration
compare for segments BC and DE?

y

x
A

B

C D

F

E
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28 •• Two cannons are pointed directly toward each other, as
shown in Figure 3-32. When fired, the cannonballs will follow the
trajectories shown—P is the point where the trajectories cross each
other. If we want the cannonballs to hit each other, should the gun
crews fire cannon A first, cannon B first, or should they fire simul-
taneously? Ignore any effects due to air resistance.

24 • Figure 3-29 represents the trajectory of a projectile going
from A to E. Air resistance is negligible. (a) At which point(s) is the
speed the greatest? (b) At which point(s) is the speed the least?
(c) At which two points is the speed the same? Is the velocity also
the same at these points?

A

B

P

F I G U R E  3 - 3 2 Problem 28

(a) straight down,
(b) the acceleration of the ball is zero.
(c) up and to the right,
(d) down and to the left,
(e) straight up,

6. Consider the position-time graph for the motion
of a car. At which time (A,B,C,D or E) does
the car have the highest positive acceleration?
position

time

0

A B C D E

7. A block of mass m is at rest on an inclined plane
that makes an angle of 30 degrees with the hori-
zontal, as shown in the figure. Which of the fol-
lowing statements about the force of static fric-
tion is true?

(a) fs = mg cos 30�

(b) fs > mg cos 30�

(c) fs > mg

(d) fs = mg sin 30�

(e) None of the other statements is true.

8. Ball A is dropped from the top of a building and,
simultaneously, ball B is thrown vertically up-
ward from y = 0 with initial velocity v0. The two
ball’s collide at a height h/3 above the ground
while traveling in opposite directions. You may
neglect the sizes of the balls. What is the initial
velocity v0 of ball B?

(a) v0 =
�

3gh

(b) v0 =
�

6gh

(c) v0 =
1
2

�
3gh

(d) v0 =
1
3

�
gh

(e) none of the above B

Ah

h/3

y

0

g

v
o

9. The system in the figure consists of a steel ball
attached by a cord to a large block of wood. If
the system is dropped in a vacuum, the force in
the cord is

(a) equal to the weight of B.

(b) equal to the sum of the weights
of B and W.

(c) zero.

(d) equal to the di�erence of the
masses of B and W.

(e) equal to the di�erence of the
weights of B and W.

10. A particle of mass m is moving in uniform circu-
lar motion with radius r and speed v. Which case
has the greatest centripetal force?

(a) r = 2 m, v = 1 m/s

(b) r = 1 m. v = 2 m/s

(c) r = 1 m, v = 1 m/s

(d) r = 2 m, v = 2 m/s

2

Physics 120 — Midterm Exam 1 SOLUTIIONS — 2013 Februrary 8

3. Felix the cat leaves his home and wanders 200
m up the street and then turns around and comes
back �50 m. Felix’s total displacement is

(a) 200 m

(b) �50 m

(c) 250 m

(d) 150 m
correct

(e) none of the above

200 m + (-50 m) = 150 m (88%/95%)

4. An object has velocities at two consecutive times
as illustrated by the following arrows that show
the magnitude and direction of the velocities at
times t1 and t2 where t1 is before t2.

v1 v2
�⇤ ⇥

The acceleration of the object could be repre-
sented by

(a) ⇤
(b) ⇥ correct
(c) zero

v2 is small negative, v1 is larger positive:
v2 � v1 =⇥ +⇥�. (71%/60%)

5. Here is a position-vs-time graph of a car moving
along a straight stretch of road:

position

time

0

A B C D E

v
t

v
t

v
t
v t

v t

At which time of the times A,B,C,D or E does
the car have the highest positive velocity?
A, the v vs t graph is most positive there.
(75%/81%)

6. Consider again the graph for the previous ques-
tion. At which time (A,B,C,D or E) does the car
have the highest positive acceleration? D, the v
vs t graph has the most positive slope there.
(12%/10%)

7. The trajectory of a projectile with initial velocity
in the horizontal direction can be expressed by
the formula y(x) = cx2 where c is a constant and
x and y are in metres. What are the dimensions
of c?

(a) m�1 correct
(b) m�2

(c) m/s2

(d) m2

(e) none of the above

The left-hand side of the equation has units of
m, x2 has units of m2 so c must have units of
m�1. (70%/60%

8. Ball A is dropped from the top of a building and,
simultaneously, ball B is thrown vertically up-
ward from y = 0 with initial velocity v0. The
two balls collide at a height h/3 above the ground
while traveling in opposite directions. You may
neglect the sizes of the balls. What is the initial
velocity v0 of ball B?

(a) v0 =
1
2

�
3gh cor-

rect

(b) v0 =
1
3

�
gh

(c) v0 =
�

3gh

(d) v0 =
�

6gh

(e) none of the above B

Ah

h/3

y

0

g

v
o

For the ball that’s dropped:

h � 1
2

gt2
c = h/3

For the ball that’s thrown upwards:

v0tc �
1
2

gt2
c = h/3

where tc is the time at which they collide.
These are two equations with two unknowns.
Eliminate tc and solve for v0. (32%/36%)

9. A locomotive is pulling a train of two cars and is
speeding up. Consider the tensions in the hitches:
TA is the tension between the engine and the first
car and TB is the tension in the hitch between the
first and second cars.

(a) TA < TB

(b) TA = TB

(c) TA > TB correct
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