CHAPTER 3:  Kinematics in Two Dimensions; Vectors

Answers to Questions
6.
If the two vectors are in the same direction, the magnitude of their sum will be a maximum, and will be 7.5 km.  If the two vectors are in the opposite direction, the magnitude of their sum will be a minimum, and will be 0.5 km.  If the two vectors are oriented in any other configuration, the magnitude of their sum will be between 0.5 km and 7.5 km.
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7.
Two vectors of unequal magnitude can never add to give the zero vector.  However, three vectors of unequal magnitude can add to give the zero vector.  If their geometric sum using the tail-to-tip method gives a closed triangle, then the vector sum will be zero.  See the diagram, in which 
[image: image80.wmf]q

  

20.
(a)
Cannonball A, with the larger angle, will reach a higher elevation.  It has a larger initial vertical 

velocity, and so by Eq. 2-11c, will rise higher before the vertical component of velocity is 0.

(b)
Cannonball A, with the larger angle, will stay in the air longer.  It has a larger initial vertical 

velocity, and so takes more time to decelerate to 0 and start to fall.


(c)
The cannonball with a launch angle closest to 45o will travel the farthest.  The range is a 

maximum for a launch angle of 45o, and decreases for angles either larger or smaller than 45 o.

Solutions to Problems
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1.
The resultant vector displacement of the car is given by 
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.  The westward displacement is 
[image: image3.wmf]o

21585cos45275.1 km

+=

 and the south displacement is 
[image: image4.wmf]o

85sin4560.1 km

=
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8.
(a)
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(b)

[image: image12.wmf](

)

(

)

1212

,0.6,6.0

xxyy

VVVV

=++=-

12

V+V

rr



[image: image13.wmf](

)

(

)

22

1o

6.0

0.66.06.0 units        tan84

0.6

q

-

=-+===

12

V+V

rr


The sum has a magnitude of 6.0 units, and is 84o clockwise from the – negative x-axis, or 96o counterclockwise from the positive x-axis.

14.
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Note that since both components are negative, the vector is in the 3rd quadrant.
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(b)
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Note that since the x component is positive and the y component is negative, the vector is in the 4th quadrant.
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16.
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18.
Choose downward to be the positive y direction.  The origin will be at the point where the diver dives from the cliff.  In the horizontal direction, 
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, and the time of flight is 
[image: image27.wmf]3.0s

t

=

.  The height of the cliff is found from applying Eq. 2-11b to the vertical motion.
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The distance from the base of the cliff to where the diver hits the water is found from the horizontal motion at constant velocity:
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20.
Choose upward to be the positive y direction.  The origin is the point from which the pebbles are released.  In the vertical direction, 
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, and the vertical displacement is 4.5 m.  The initial y velocity is found from Eq. 2-11c.
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Find the time for the pebbles to travel to the window from Eq. 2-11a.
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Find the horizontal speed from the horizontal motion at constant velocity.
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This is the speed of the pebbles when they hit the window.

31.
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, 
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(a)
The time taken to reach the ground is found from Eq. 2-11b, with a final height of 0.
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Choose the positive sign since the projectile was launched at time t = 0.


(b)
The horizontal range is found from the horizontal motion at constant velocity.
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(c)
At the instant just before the particle reaches the ground, the horizontal component of its 

velocity is the constant 
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.  The vertical component is found from Eq. 2-11a.
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(d)
The magnitude of the velocity is found from the x and y components calculated in part c) above.  
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(e)
The direction of the velocity is 
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, and so the object is 

moving 
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(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. 2-11c.
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47.
Call the direction of the flow of the river the x direction, and the direction straight across the river the y direction.  Call the location of the swimmer’s starting point the origin.
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(a)
Since the swimmer starts from the origin, the distances covered in 

the x and y directions will be exactly proportional to the speeds in those directions. 
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(b)
The time is found from the constant velocity relationship for either the x or y directions.  
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J3: A stone is thrown off a 100 meter high cliff at an angle of 37 degrees above the horizontal.  How long before the stone hits the ground at the base of the cliff, if its initial velocity on launch is 10 m/s, and we ignore air resistance?
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