
Physics 2111

Unit 10

Concepts:
Center of Mass

 Finding it

 Using it
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Where are we?

Mechanics  Lecture 3, Slide 2

Once again we’re going to 

just “rephrase” Newton’s 

Laws
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Your Comments
Continuous mass distribution is very confusing. Especially with the triple integral.

This is pretty tough for me to understand, I need some more examples.

The 2 men pulling question was a little difficult to understand, and the system of 
two masses was almost as difficult.

Whoa triple integrals, I thought that was Calc 3. Will we be asked to take the triple 
integral on a test/quiz? :)

The two men pulling is confusing. How does tug of war work then?

Everything, please.

3D vectors with finding the center of mass as the system accelerates based on 
external forces

Can we go over the two men pulling problem.

Perfectly balanced. As all things should be.

A brief clarification on how the center of mass not accelerating means the men 
would meet in the middle (if thats the case) of example 3 in this prelecture would 
be appreciated, rest of the lecture was pretty good.

Sooo...was I right for the doughnut COM?
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Example 10.1 (COM of discrete objects)

4kg, 8kg and 12kg masses are attached to the center 
and two ends a rigid massless rod 1.8meter in length. 
Where is the center of mass?
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8kg 12kg4kg
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Center of Mass



x=1mx=0

Example 10.2 (Meter Stick COM)

dm

Mechanics  Lecture 10, Slide 6

Where is the center of mass of a meter stick with a 
mass of 0.150kg?



x=1mx=0
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Question

dm

Where would the COM be if the meter stick 
has a non-uniform mass of l= (0.05 kg/m2 x) ?

A) Between 0cm and 50cm
B) Between 50cm and 100cm
C) At the 50cm point
D) At the 0cm point
E) At the 100cm point



x=1mx=0

Example 10.3 (Meter Stick COM)
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dm

Where would the COM be if the meter stick 
has a non-uniform mass of l= (0.05 kg/m2 x) ?



x=1mx=0

Make sense?
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Let’s look at this graphically

l
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Center of Mass for System of Objects



The disk shown in Case 1 clearly has its CM at the center. 
Suppose the disk is cut in half and the pieces arranged as 
shown in Case 2

In which case is the center of mass highest?

Mechanics  Lecture 10, Slide 11

Question

Case 1 Case 2

x
CM

x

A)   Case 1           B)   Case 2           C)   same     



Let’s look….

The disk shown in Case 1 clearly has its CM at the center. 
Suppose the disk is cut in half and the pieces arranged as 
shown in Case 2

In which case is the center of mass highest?

Case 1 Case 2

x

x

x
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A)   Case 1           B)   Case 2           C)   same     

x
ycm

x

x
ycm

x
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Question

A)   0 0 

B)   0 H/2

C)   0         H/3 

D)  H/4     H/4

E)  H/4        0

XCM YCM

x

y

H

Three tiny equal-mass magnets are placed on a horizontal 
frictionless surface at the corners of an equilateral triangle. When 
the magnets are released, they attract and quickly slide to a single 
point.  What are the coordinates of that point? 



C)    0           H/3 

XCM YCM

(symmetry)

x

y

H

Three tiny equal-mass magnets are placed on a horizontal 
frictionless surface at the corners of an equilateral triangle. When 
the magnets are released, they attract and quickly slide to a single 
point.  What are the coordinates of that point? 

0CMX 

1 1 2 2 3 3

1 2 3

CM

m y m y m y
Y

m m m

 


 

0 0

3

m m m H

m

    


3

H
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Question 

A cannon sits on a 

stationary railroad flatcar 

with a total mass of 1000 

kg.  When a 10 kg cannon 

ball is fired to the left at a 

speed of 50 m/s, what is 

the recoil speed of the 

flatcar?

1)  0 m/s 

2)  0.5 m/s to the right

3)  1 m/s to the right

4)  20 m/s to the right

5)  50 m/s to the right
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Karen stands at the left end of a 

uniform boat with mass m2 = 165 kg 

and a length L = 3 m. The friction or 

drag between the water and the boat 

is negligible.  Karen has a mass of mk

= 69 kg.  Take the origin of the 

coordinate system be Karen's  

original location as shown.

Karen walks to the right edge of the boat. How far has 

she moved from her original location? 
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When Karen walks to the right 

edge of the boat, what will happen 

to the center of mass of the 

Karen/boat system?

A) It will move to the right

B) It will move to the left

C) It won’t move.
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When Karen walks to the right 

edge of the boat, in order to keep 

the center of mass in the same 

spot, what must happen to the 

boat?

A) It will move to the right

B) It will move to the left

C) It won’t move.
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Karen stands at the left end of a 

uniform boat with mass m2 = 165 kg 

and a length L = 3 m. The friction or 

drag between the water and the boat 

is negligible.  Karen has a mass of 

mk = 69 kg.  Take the origin of the 

coordinate system be Karen's  

original location as shown.

Karen walks to the right edge of the boat. How far has 

she moved from her original location? 



Center of Mass does NOT move
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Center of Mass DOES move
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Question

A) -3 m

B) -1 m

C) 0 m

D) 1 m

E) 3 m

A large skinny guy with mass 2M and a smaller guy with mass M are  
holding onto a massless pole while standing on frictionless ice, as shown 
below.  If  the little guy pulls himself toward the big guy, where would they 
meet?

-3 m 0 m 3 m

2M M



A) -3 m

B) -1 m

C) 0 m

D) 1 m

E) 3 m

A large skinny guy with mass 2M and a smaller guy with mass M are  
holding onto a massless pole while standing on frictionless ice, as shown 
below.  If  the little guy pulls himself toward the big guy, where would they 
meet?

1 1 2 2

1 2

CM

m x m x
X

m m






 2 3 (3 )

3

M m M m

M

 -  
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-3 m 0 m 3 m

2M M

m m
 -1 m
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CheckPoint

Two objects, one having twice the mass of the other, are initially at 
rest. Two forces, one twice as big as the other, act on the objects in 
opposite directions  as shown. 

A) aCM = F/M to the right
B) aCM = F/(3M) to the right
C) aCM = 0

D) aCM = F/(3M) to the left
E) aCM = F/M to the left

Which of the following statements about the acceleration of the 
center of mass of the system is true:

,Net External

CM

Total

F
a

M
F2F M2M



Which of the following statements about the 
acceleration of the center of mass of the system is true:

C) The center of mass will never move

D) a = F net external / M total. so -2F+ F= -F and 2M + M = 3M

E) Since the force to the left is twice as strong as the force to the 
right, it will be to the left. Also, since there is more mass going to the 
left, it will be to the left. 

C) aCM = 0

D) aCM = F/(3M) to the left
E) aCM = F/M to the left

,Net External

CM

Total

F
a

M
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F2F M2M

What we thought……
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Question

Two objects, one having twice the mass of the other, are initially at 
rest. Two equal forces act on the objects in opposite directions  as 
shown. 

A) aCM = F/M to the right
B) aCM = F/(3M) to the right
C) aCM = 0

D) aCM = F/(3M) to the left
E) aCM = F/M to the left

Which of the following statements about the acceleration of the 
center of mass of the system is true:

,Net External

CM

Total

F
a

M
FF 2M M



Example 10.4 (new reference frame)
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A 4kg frictionless blue cart rows towards a 
smaller 1kg red cart at rest.  What is the 
velocity of both carts in a coordinate 
system moving with the center of mass 
of the system?

1kg
4kg

3m/sec
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Question

Now the carts collide and move off in some unknown 
direction.  What can we say about  the velocity of 
the center of mass after the collision?

a) It’s less that 2.4m/sec

b) It’s equal 2.4 m/sec

c) It’s greater than 2.4m/sec

1kg
4kg

?
?



Center of Mass Frame of Reference
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Called “center of mass reference frame”

1kg
4kg

3m/sec

As opposed to “lab reference frame”

The coordinate system where Smivi = 0

COM



Question 

(b) 
Bottom of 

relaxed 

spring

(c) 
equilibrium 

position with 

mass 

attached

A box is gently hung from a vertical spring and it 
sags down from position (b) to position (c).   What 
is it that defines position (c)?  It is when

A) ½ kx2 = mgh
B) kx = mgh
C) kx = mg
D) ½ kx2 = mg
E) Both (A) and (C)
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Question 

(1) 
Bottom of 

relaxed spring

(2) 
equilibrium 

position with 

mass attached 

there the net 

force is zero

Which of the following would be a correct 
method to calculate the PE of the box and spring?

a) Use (1) for PE=0 and include two 
different PE terms

b) Use (2) for PE=0 and include two 
different PE terms

c) Use (3) for PE= 0 and include only 
one PE term

d) Use (3) for PE=0 and include only 
one PE term

(3) 

lowest point 

of the 

oscillation
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Question 

(1) 
Bottom of 

relaxed spring

(2) 
equilibrium 

position with 

mass attached 

there the net 

force is zero

Which of the following would be a correct 
method to calculate the PE of the box and spring?

a) Use (1) for PE=0 and include two 
different PE terms

b) Use (2) for PE=0 and include two 
different PE terms

c) Use (1) for PE= 0 and include only 
one PE term

d) Use (2) for PE=0 and include only 
one PE term

e) Both answers (a) and (d) 

(3) 

lowest 

point of 

the 

oscillation



Big point of confusion in the past!!!!
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IMPORTANT POINT – Works every time!!!

a) define PE = 0 at the relaxed position 
of the spring

b) include all conservative forces doing 
work on the object in the PE (1 or 2)

Both vertical or horizontal springs



Big point of confusion in the past!!!!
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Want the one that always works?
a) define PE = 0 at the relaxed position 

of the spring
b) include both conservative forces 

doing work on the object in the PE 
(gravity and spring)

Save  yourself time for special cases?
a) define PE = 0 at the equilibrium 

position of the box/spring
b) include only gravity in the PE of 

the object


