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N  

f  

T  

mg  

displacement 
�Any force not perpendicular 
to the motion will do work: 

f   does   negative work 

mg   does   negative work 

PHYS 1021:  Chap. 10, Pg 4  New Topic 



3 

Page 3 

PHYS 1021:  Chap. 10, Pg 5 

Notice  
F = -dU/dx 

PHYS 1021:  Chap. 10, Pg 6 

A mass hangs from a spring which is attached to the ceiling.  The spring will 
stretch when the weight is hung from it.  What is the new equilibrium 
position in terms of d, k0, m, and g? 
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PHYS 1021:  Chap. 10, Pg 7 

A mass hangs from two springs which are linked end to end, each of which 
has a rest length d and a spring constant k0.  As in the example, the 
springs will stretch when the weight is hung from it.  What are the new 
spring constant and equilibrium position in terms of k0, d, m, and g.  What 
if the springs are hung in parallel (side by side) from the ceiling?  Use 
rubber bands and weights as proxies for the springs to verify your 
answer. 

PHYS 1021: Chap. 10, Pg 8 
New Topic 
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Phys 1021: Chapter 10, Pg 9 

 Work  =  force applied in direction of displacement × displacement 

   Work is a scalar,  
   Units  =  N · m  ≡  Joule (J)   

€ 

W =  F
→

d s
→

a

b

∫

Phys 1021: Chapter 10, Pg 10 

  

€ 

W =  F
→

d s
→

a

b

∫

C = A
→

 B
→

= AxBx + AyBy + AzBz = A B cos(θ)

W =  Fxdx
a

b

∫

W = F(b − a)
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A skier traveling 11.4 m/s reaches the foot of a steady upward 18.4° incline 
and glides 11.2 m up along this slope before coming to rest. What was 
the average coefficient of friction?  
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A skier traveling 11.4 m/s reaches the foot of a steady 
upward 18.4° incline and glides 11.2 m up along this 
slope before coming to rest. What was the average 
coefficient of friction?  

The skier turns right around and glides down the slope.  
What will be her speed at the bottom? 

  User LoggerPro to draw an energy diagram for the spring. 
  Download the movie and insert it into LoggerPro  

http://www.gwu.edu/~phy21bio/Ponderables/spring.mov 
  Use the point capture feature to plot x and vxInsert new calculated 

columns which calculate the potential and the kinetic energy and 
the total energy. 

  Make a plot of PE, KE, TE as a function of x. 
  What is the spring constant ? 
  What is the maximum potential energy? 
  What is the maximum kinetic energy? 
  What is the maximum position, also called the turning point? 
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PHYS 1021: Chap. 10, Pg 15 
New Topic 

•  Time does matter for power : 

   Power is the “rate of doing work” 

•  Units of power:  J/sec  =  Watts 
   old unit: horsepower (hp) 
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Alicia Weber has held a number of strength /endurance world records, 
including the most pullups in 1 min (31), in 30 mins. (345), and in 60 mins 
(560).  What was the power output of her muscles in setting those 
records?  

Note the 10 lb medicine ball !! 



10 

Page 10 

http://www.biomedcentral.com/1741-7007/6/41 

A frog hopper is a 6 mm long insect that is the world high jump 
champion.  This 12.3 mg insect can jump 700 mm or 100 times 
its length, but the power required to do this is quite large. A 
frog hopper launches itself with an initial velocity of 4.7 m/s in 
1 ms.  How much energy is lost to air resistance?  What is the 
power needed to do this per kg of muscle (weight of muscle)?  
The maximum power that can be generated by muscle is 250 
W/kg (a human athlete generates about 10 W/kg).  Do you 
wonder what the Reynold’s number is? 

A frog hopper launches itself with an initial velocity 
of 4.7 m/s. We want to test if the elastic parts of 
its pleural arch can store enough energy 
needed to launch it like a catapault, If its mass 
is 12.3 mg,  and the arch is bent by 0.1 mm, 
how large must the spring constant be? 

http://www.biomedcentral.com/1741-7007/6/41 
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  We know: 

  p  

  p  

�A bowling ball and a ping-pong 
ball are rolling towards you with 
the same momentum.  If you exert 
the same force to stop each one, 
which takes a longer time to bring 
to rest? 

 av 
 Δt 
 Δp 

 F  = 

  p  

  p  
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  p  

  p  

New Topic 
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 Momentum conservation:    initial momentum  =  final 
momentum 

 Note that this is a 
vector equation !! 

Initial: 

Final: 

  Conserve momentum pX:  

m1v1,i + m2v2,i = m1v1,f + m2v2,f  

  Conserve kinetic energy: 
1/2 m1v2

1,i + 1/2 m2v2
2,i = 1/2 m1v2

1,f + 1/2 m2v2
2,f  

m2 m1 

V1,i V2,i 

initial: 

x 
V1,f V2,f 

final: m2 m1 

The relative velocity before the collision is equal and opposite 
to the relative velocity after the collision 

v1,i - v2,i  =  – (v1,f - v2,f ) 

   After some algebra, one can show a general result:  
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1)  situation 1  

2)  situation 2 

3)  both the same 

  Consider two elastic collisions: 
 1)  a golf ball with speed v hits 

a stationary bowling ball head-on. 
 2)  a bowling ball with speed v 

hits a stationary golf ball head-on.  
In which case does the golf ball 
have the greater speed after the 
collision? 

v  2 
v  

1 
at rest 

at rest 
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 Remember that the magnitude of the 
relative velocity has to be equal before 
and after the collision! 

v 
1 

v  2 
2v  

  Consider two elastic collisions: 
 1)  a golf ball with speed v hits 

a stationary bowling ball head-on. 
 2)  a bowling ball with speed v 

hits a stationary golf ball head-on.  
In which case does the golf ball 
have the greater speed after the 
collision? 

v 

v 

v 

 v  

?? 

v 

(a) (b) (c) 

m  

1)  zero  

2)  v 

3)  2v 

4)  3v 

5)  4v 

 Carefully place a small rubber ball 
(mass m) on top of a much bigger 
basketball (mass M) and drop these 
from some height.   What is the 
velocity of the smaller ball after the  
basketball hits the ground and collides 
with small rubber ball? 
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v 

v 

v 

 v  

3v 

v 

(a) (b) (c) 

m  

Carefully place a small rubber ball (mass 
m) on top of a much bigger basketball 
(mass M) and drop these from some 
height.   What is the velocity of the 
smaller ball after the  basketball hits 
the ground and collides with small 
rubber ball? 


