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As the applied force F is increased, how does the 

static friction force fs vary?  (Assume F is less than 

that needed to make the block move.) 
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Series and Parallel Combinations in Muscle 
 

Structure of Striated Muscles:   



Basic Building Block: The Sarcomere 



Microscopic mechanism of muscle 

force production and contraction: 



Some Numbers: 
  

Sarcomere length:  

 fully extended:   2.3  m     

 fully contracted:  1.0 m 

 

Force per myosin head: ~ 5 pN = 5  10-12 N. 
  



How to get a big motion/contraction? 
 

• Connect M sarcomeres together in series: 
  

 xtot = M  (x of one sarcomere) 

 Muscle contracts by ~40% of its length.  
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How to get a big force?   
 

• Connect N actin filaments together in parallel: 
  

 Ftot = N  # of parallel filaments 
  

For typical striated muscle,  

Fmax  30 N for each cm2 of muscle cross-
sectional area.  
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Today: 
• Kinetic friction 

• What force acting on a car produces its 

acceleration? 







Microscopic Origin of Friction:  





A car accelerates on a level road.  What force 

acting on the car produces its acceleration?   

A. The force of the engine on the wheels 

B. The static friction force of the tires on the road 

C. The static friction force of the road on the tires 

D. The kinetic friction force of the tires on the road 

E. The kinetic friction force of the road on the tires 



The coefficients of static and kinetic friction between tires 

and the road don't vary significantly with the mass of a car.  
  

How does the stopping distance x of a car with mass m 

compare with that of a car with mass 2m? 

(Assume the cars have the same initial speed.) 

x (2m) / x (m) = ? 

A.   1/4 

B.   1/2 

C.   1 

D.   2 

E.   4  



What is the maximum acceleration a that F can 

produce and still have the two blocks move together?  

F 

frictionless 

a 

m1 

s>0 
m2 

amax = ? 

A.   g 

B.   s m2 g  

C.   s (m1 + m2) g 

D.   s g 

E.  Insufficient information  



What is the minimum magnitude of Fhand on m 

required so that the block doesn't fall? 

s, k 

m Fhand on m 

Fmin = ? 

A.  mg  

B.  s mg 

C.  mg / s  

D.  k mg  

E.  mg / k 


