
 

CHAPTER 3:  Kinematics in Two or Three Dimensions; Vectors 
 
46. Choose the origin to be at ground level, under the place where the projectile is launched, and 

upwards to be the positive y direction.  For the projectile, 0 65.0 m s ,v =    

 and  
0 35.0 ,θ = ° ,ya g= −

0 115 m,y = 0 0 0sin .yv v θ=  
 
 (a) The time taken to reach the ground is found from Eq. 2-12b, with a final height of 0. 
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  Choose the positive time since the projectile was launched at time t = 0. 
 (b) The horizontal range is found from the horizontal motion at constant velocity. 

( ) ( ) ( ) ( )0 0cos 65.0 m s cos 35.0 9.964 s 531mxx v t v tθΔ = = = ° =  

(c) At the instant just before the particle reaches the ground, the horizontal component of its  
velocity is the constant ( )0 0cos 65.0 m s cos 35.0 53.2 m s .xv v θ= = ° =   The vertical 

component is found from Eq. 2-12a. 
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(d) The magnitude of the velocity is found from the x and y components calculated in part (c)  
above.   

( ) ( )2 22 2 53.2 m s 60.4 m s 80.5 m sx yv v v= + = + − =  

(e) The direction of the velocity is 1 1 60.4
tan tan 48.6

53.2
y
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v
v

θ − − −
= = = − ° , and so the object is  

moving 48.6  below the horizon .°  
(f) The maximum height above the cliff top reached by the projectile will occur when the y- 

velocity is 0, and is found from Eq. 2-12c. 
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CHAPTER 4:  Dynamics: Newton’s Laws of Motion 
 
 
31. (a) We draw a free-body diagram for the piece of  

the rope that is directly above the person.   
That piece of rope should be in equilibrium.   
The person’s weight will be pulling down on that  
spot, and the rope tension will be pulling away from  
that spot towards the points of attachment.  Write Newton’s 
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second law for that small piece of the rope. 
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 (b) Use the same equation to solve for the tension force with a sag of only ¼ that found above. 
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  The  rope will not break , but it exceeds the recommended tension by a factor of about 4. 
 
 
48. (a) Consider the free-body diagram for the block on the frictionless  

surface.  There is no acceleration in the y direction.  Use Newton’s 
second law for the x direction to find the acceleration. 
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 (b) Use Eq. 2-12c with  to find the final speed. 0 0v =

   ( ) ( ) ( ) ( )2 2 2
0 0 02     2 2 3.67 m s 12.0 m 9.39 m sv v a x x v a x x− = − → = − = =  

 
  
 
53. This problem can be solved in the same way as problem 51, with the modification that we increase 

mass  by the mass of  and we increase mass  by the mass of   We take the result from 
problem 51 for the acceleration and make these modifications.  We assume that the cord is uniform, 
and so the mass of any segment is directly proportional to the length of that segment. 
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Note that this acceleration is NOT constant, because the lengths  and  are functions of time.  
Thus constant acceleration kinematics would not apply to this system. 
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54. We draw a free-body diagram for each mass.  We choose UP to be the 
positive direction.  The tension force in the cord is found from analyzing 
the two hanging masses.   Notice that the same tension force is applied to 
each mass.  Write Newton’s second law for each of the masses. 

T 1 1 1 T 2 2     2F m g m a F m g m a− = − =  
Since the masses are joined together by the cord, their accelerations will 
have the same magnitude but opposite directions.  Thus 1 2.a a= −   
Substitute this into the force expressions and solve for the tension force. 
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Apply Newton’s second law to the stationary pulley. 
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35. Choose the y direction to be the “forward” direction for the motion of the snowcats, and the x 

direction to be to the right on the diagram in the textbook.  Since the housing unit moves in the 
forward direction on a straight line, there is no acceleration in the x direction, and so the net force in 
the x direction must be 0.  Write Newton’s second law for the x direction. 
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 Since the x components add to 0, the magnitude of the vector sum of the two forces will just be the  
sum of their y components.   
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