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Vectors and Two-Dimensional Motion 

QUICK QUIZZES 

 1. Choice (c). The largest possible magnitude of the resultant occurs when the two vectors are in the same direction. In this 
case, the magnitude of the resultant is the sum of the magnitudes of  and : R = A + B = 20 units. The smallest possible 
magnitude of the resultant occurs when the two vectors are in opposite directions, and the magnitude is the difference of the 
magnitudes of  and : R = | A – B | = 4 units. 

 2.  

Vector x-component y-component 

 – + 

 + – 

 – – 

 3. Vector . The range of the inverse tangent function includes only the first and fourth quadrants (i.e., angles in the range 
). Only vector  has an orientation in this range. 

 4. Choice (b). If velocity is constant, the acceleration (rate of change in velocity) is zero. An object may have constant speed 
(magnitude of velocity) but still be accelerating due to a change in direction of the velocity. If an object is following a 
curved path, it is accelerating because the velocity is changing in direction. 

 5. Choice (a). Any change in the magnitude and/or direction of the velocity is an acceleration. The gas pedal and the brake 
produce accelerations by altering the magnitude of the velocity. The steering wheel produces accelerations by altering the 
direction of the velocity. 

 6. Choice (c). A projectile has constant horizontal velocity. Thus, if the runner throws the ball straight up into the air, the ball 
maintains the horizontal velocity it had before it was thrown (that is, the velocity of the runner). In the runner’s frame of 
reference, the ball appears to go straight upward and come straight downward. To a stationary observer, the ball follows a 
parabolic trajectory, moving with the same horizontal velocity as the runner and staying above the runner’s hand. 

 7. Choice (b). The velocity is always tangential to the path while the acceleration is always directed vertically downward. Thus, 
the velocity and acceleration are perpendicular only where the path is horizontal. This only occurs at the peak of the path. 

ANSWERS TO WARM-UP EXERCISES 

1. (a) The magnitude of a vector with components Ax and Ay is given by  

  2 2 2 2( 5.00 m) (9.00 m) 10.3 mx yA A A= + = − + =   

 (b) The direction of the  

  1 1 9.00 mtan tan 60.9
5.00 m

y

x

A
A

θ − −⎛ ⎞ ⎛ ⎞= = = − °⎜ ⎟ ⎜ ⎟−⎝ ⎠⎝ ⎠
  

  Since Ax < 0 and Ay > 0, the vector is in the second quadrant, and 

  180 60.9 119θ = ° − ° = °   

2. The x and y components of a vector can be found using Equations 3.2a and 3.2b: 

  
cos
sin

x

y

A A
A A

θ
θ

=
=   

 (a) The x component is ( )cos 24.0 m cos56.0 13.4 m .xA A θ= = ° =  

 (b) The y component is ( )sin 24.0 m sin 56.0 19.9 m .yA A θ= = ° =  
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3. (a) The x component of 2= −R A B  is 

  ( ) ( )2 2 2 15.0 m 24.0 m 6.00 mx x xx
R A B= − = − = − =A B   

 (a) The y component of 2= −R A B  is 

  ( ) ( )2 2 2 12.0 m 8.00 m 16.0 my y yy
R A B= − = − = − =A B   

4. (a) The distance traveled by the hiker in the x and y directions is   

  
( )2 1

2 1

3.00 km 4.00 km 7.00 km
6.00 km 3.00 km 3.00 km

x x x
y y y

Δ = − = − − =
Δ = − = − =

  

  The total distance traveled is then  

  ( ) ( ) ( ) ( )2 2 2 27.00 km 3.00 km 7.62 kmd x y= Δ + Δ = + =   

 (b) We first find the direction in which the hiker traveled: 

  1 1 3.00 mtan tan 23.2
7.00 m

y
x

θ − −Δ⎛ ⎞ ⎛ ⎞= = = °⎜ ⎟ ⎜ ⎟Δ⎝ ⎠ ⎝ ⎠
  

  In order for the hiker to return to his starting point, he needs to travel in the opposite direction, or  

  180 23.2 203θ = ° + ° = °   

5. (a) The hiker walks a total of 3.00 km + 4.00 km = 7.00 km in 1 hour + (40 min/60 min) = 1.67 h. His average speed is 
 therefore 

  distance traveled 7.00 kmaverage speed 4.20 km/h
time 1.67 h

= = =   

 (b) The displacement of the hiker from his starting point is  

  ( ) ( ) ( ) ( )2 2 2 24.00 km 3.00 km 5.00 kmd x y= Δ + Δ = − + =   

  His average velocity is therefore 

  displacement 5.00 km 3.00 km/h
time 1.67 h

υ = = =   

6. The car’s acceleration changes in both the x and y directions. In the x direction, 

  20 25.0 m/s 4.17 m/s
6.00 s

xf xix
xa

t t
υ υυ −Δ −

= = = = −
Δ Δ

  

 and in the y direction, 

  235.0 m/s 0 5.83 m/s
6.00 s

y yf yi
ya

t t
υ υ υΔ − −

= = = =
Δ Δ

  

 the magnitude of the car’s acceleration is then 

  2 2 2 2 2 2 2( 4.17 m/s ) (5.83 m/s ) 7.17 m/sx ya a a= + = − + =   

7. (a) The skier has zero initial velocity in the vertical direction 0( 0)yυ =  and undergoes a vertical displacement of 

 –3.20 m.yΔ =  The constant acceleration in the vertical direction is ay = –g, so we use 2
0

1
2y yy t a tυΔ = +   to find the 

 time of flight as 

  
( )

2

2 3.20 m2 0.808 s
9.80 m/sy

yt
a

−Δ= = =
−
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 (b) During this time, the object moves with constant horizontal velocity 0 22.0 m/s.x xυ υ= =  The horizontal distance 
 travelled during the flight is 

  ( ) ( )22.0 m/s 0.808 s 17.8 mxx tυΔ = = =   

8. (a) When the stone returns to the ground, its vertical velocity will be equal in magnitude and opposite in direction to its 
 initial velocity 0( ).y yυ υ= −  We use 0 0 ,y y y ya t gtυ υ υ= + = −  to obtain 

  
( ) ( )0

2

45 m/s sin 55.0 45 m/s sin 55.0
9.80 m/s

7.52 s

y yt
g

υ υ − ° − ⎡ °⎤− ⎣ ⎦= =
−

=
  

 (b) At maximum height max( ),y hΔ =  the vertical velocity of the stone will be zero. Thus, ( )2 2
0 2y y ya yυ υ= + Δ  gives 

  
( )

( )
22 2

0
max 2

0 45 m/s sin 55.0
69.3 m

2 2 9.80 m/s
y y

y

h
a

υ υ − ⎡ °⎤− ⎣ ⎦= = =
−

 
 

9. We choose a coordinate system with north as the positive y-direction and east as the positive x-direction. The velocity of the 
cruise ship relative to Earth is 4.50 m/sCE =v  due north, with components of ( ) ( )0 and 4.50 m/s.CE CEx y= =v v  The 

velocity of the patrol boat relative to Earth is 5.20 m/sPE =v  at 45.0° north of west, with components of 

  
( ) ( )
( ) ( )

cos 45.0 5.20 m/s cos 45.0 3.68 m/s

sin 45.0 5.20 m/s sin 45.0 3.68 m/s
PE PEx

PE PEy

= − ° = − ° = −

= + ° = ° =

v v

v v
  

  Thus, the velocity of the cruise ship relative to the patrol boat is  .CP CE PE= −v v v   

 (a) The x component is the relative velocity is 

  ( ) ( ) ( ) ( )0 3.68 m/s 3.68 m/sCP CE PEx x x= − = − − = +v v v  

 (b) The y component is the relative velocity is 

  ( ) ( ) ( ) 4.50 m/s 3.68 m/s 0.82 m/sCP CE PEy y y= − = − = +v v v    

ANSWERS TO EVEN NUMBERED CONCEPTUAL QUESTIONS 

 2. The components of a vector will be equal in magnitude if the vector lies at a 45° angle with the two axes along which the 
components lie. 

 4. (a)  (b)   

 6. (a) The balls will be closest at the instant the second ball is projected. 

 (b) The first ball will always be going faster than the second ball. 

 (c) There will be a one second time interval between their collisions with the ground. 

 (d) The two move with the same acceleration in the vertical direction. Thus, changing their horizontal velocities can never 
make them hit at the same time. 

 8. The equations of projectile motion are only valid for objects moving freely under the influence of gravity. The only 
acceleration such an object has is the free-fall acceleration, g, directed vertically downward. Of the objects listed, only a and 
d meet this requirement. 

10. (a) The passenger sees the ball go into the air and come back in the same way he would if he were at rest on Earth. An 
observer by the tracks would see the ball follow the path of a projectile. 

 (b) If the train were accelerating, the ball would fall behind the position it would reach in the absence of the acceleration. 
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ANSWERS TO EVEN NUMBERED PROBLEMS 

 2. (a) 6.1 units at  = + 113° (b) 15 units at  = + 23° 

 4. (a) See Solution. (b) The sum does not depend on the order of adding. 

 6. (a) 484 km (b) 18.1° N of W 

 (c) Because of Earth’s curvature, the plane does not follow straight lines. 

 8.  

10. 1.31 km northward, 2.81 km eastward 

12. (a) 10.0 m (b) 15.7 m (c) 0 

14. (a)  

 (b) The vector sum is independent of the order in which they are added. 

16. 42.7 yards 

18. 788 mi at 48.0° N of E 

20. (a) 185 N at 77.8° from the x-axis (b) 185 N at 258° from the x-axis 

22. 2.68 ft 

24. (a) 76.0° (b) Rmax = 2.13R 

 (c) The result is independent of the acceleration of gravity and valid on all planets. 

26. (a)  (b) 4.07 s 

 (c)  

28. (a)  (b)  

 (c)  

 (d) 22.6 m (e)  (f) 1.18 s 

30.  

32. 18.6 m 

34. (a)  (b) 1.09 m (c) 2.8 m 

36. (a)  

 (b)  

38. (a)  (b) 47.6 min 

40. (a)  (b) Yes, the required initial speed is . 

42. (a)  (b)  (c) See Solution. 

 (d)  (e)  

44. (a)  (b)  

46. (a)  (b) Same as for part (a). 

48. (a)  (b)  

 (c)  (d)  

50. (a) 0.345 m (b) 2.35 m 

52. (a)  (b)  

54. (a) 0° to the vertical (b)  

 (c) straight up and down (d) parabolic arc opening downward 
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 (e)  

56. (a)  (b)  

58.  

60. (a)  

 (b) ,  

62. (a)  

 (b)  

64. (a) 26.6° (b)  

66.  

68. (a)  (b) 20 knots due south 

70. (a) 0.519 m, too narrow for a pedestrian walkway 

 (b)  

72. 4.14 m 

74.  

PROBLEM SOLUTIONS 

 3.1 We are given that . When two vectors are added graphically, the second vector is positioned with its tail at the tip 
of the first vector. The resultant then runs from the tail of the first vector to the tip of the second vector. In this case, vector 

 will be positioned with its tail at the origin and its tip at the point (0, 29). The resultant is then drawn, starting at the origin 
(tail of first vector) and going 14 units in the negative y-direction to the point (0, -14). The second vector, , must then start 
from the tip of  at point (0, 29) and end on the tip of  at point (0, -14) as shown in the sketch at the right. From this, it is 
seen that 

 

    

 3.2 (a) Using graphical methods, place the tail of vector  at the head of vector . The new vector  has a magnitude of 
 from the positive x-axis. 
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 (b) The vector difference  is found by placing the negative of vector  (a vector of the same magnitude 
as , but opposite direction) at the head of vector . The resultant vector  has magnitude  from 
the positive x-axis. 

 3.3 (a) In your vector diagram, place the tail of vector  at the tip of vector . The vector sum, , is then found as shown 
in the vector diagram and should be 

     

 (b) To find the vector difference , form the vector  (same magnitude as , opposite direction) and add 
it to vector  as shown in the diagram. You should find that 

     

 

 3.4 (a) The three diagrams shown below represent the graphical solutions for the three vector sums: 
 and . 

 

 (b) We observe that , illustrating that the sum of a set of vectors is not affected by the order in which the 
vectors are added. 
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 3.5 Your sketch should be drawn to scale, and be similar to that pictured below. The length of  and the angle  can be 
measured to find, with use of your scale factor, the magnitude and direction of the resultant displacement. The result should 
be . 

 

 3.6 (a) The distance d from A to C is  

     

  where  

  and  

     

 

 (b)  

 (c)  
Thus, the answer computed above is only approximately correct. 

 3.7 Using a vector diagram, drawn to scale, like that shown at the right, the displacement from Lake B back to base camp is 
given by the vector . Measuring the length of this vector and multiplying by the chosen scale factor should give the 
magnitude of this displacement as 310 km. Measuring the angle  should yield a value of 57°. Thus, the displacement from 
B to the base camp is 

    

 

 3.8 Find the resultant  graphically by placing the tail of  at the head of  in a scale drawing as shown at the right. 
The resultant is the vector drawn from the tail of  to the head of  to close up the triangle. Measuring the length and 
orientation of this vector shows that 
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 3.9 The displacement vectors  and  can be drawn to scale as at the right. The vector  
represents the displacement that the man in the maze must undergo to return to his starting point. The scale used to draw the 
sketch can be used to find  to be  

    

 

3.10 The person undergoes a displacement . Choose a coordinate system with origin at the 
starting point, positive x-direction oriented eastward, and positive y-direction oriented northward. 

 Then the components of her displacement are 

   

 and   

 

3.11 The x- and y-components of vector  are its projections on lines parallel to the x- and y-axes, respectively, as shown in the 
sketch. The magnitude of these components can be computed using the sine and cosine functions as shown below: 

  

 and 
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3.12 (a) The skater’s displacement vector, , extends in a straight line from her starting point A to the end point B. When she 
has coasted half way around a circular path as shown in the sketch at the right, the displacement vector coincides with 
the diameter of the circle and has magnitude 

     

 

 (b) The actual distance skated, s, is one half the circumference of the circular path of radius r. Thus 

     

 (c) When the skater skates all the way around the circular path, her end point, B, coincides with the start point, A. Thus, 
the displacement vector has zero length, or . 

3.13 (a) Her net x (east-west) displacement is , while her net y (north-south) displacement is 
. The magnitude of the resultant displacement is 

     

  and the angle the resultant makes with the x-axis (eastward direction) is 

     

  The resultant displacement is then . 

 (b) The total distance traveled is . 

3.14 (a) We choose a coordinate system with the positive x-axis eastward and the positive y-axis northward. The hiker then 
undergoes four successive displacements, given below along with their x- and y-components: 

       

       

       

       

  The components of the resultant displacement are then 

     and  

  The magnitude of the resultant is  

  and its direction is   

  giving   

 (b)  Because of the commutative property of vector addition, the net displacement is the same regardless of the order 
in which the individual displacements are executed. 
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3.15    

  

 From the triangle, we find that  

 , so  

 Thus,  

 

3.16 Let  be the vector corresponding to the 10.0 yd run,  to the 15.0 yd run, and  to the 50.0 yd pass. Also, we choose a 
coordinate system with the +y-direction downfield, and the +x-direction toward the sideline to which the player runs. 

 The components of the vectors are then 

    

    

    

 From these, , and , 

 and    

3.17 After 3.00 h moving at 41.0 km/h, the hurricane is 123 km at 60.0° N of W from the island. In the next 1.50 h, it travels 37.5 
km due north. The components of these two displacements are: 

Displacement x-component (eastward) y-component (northward) 

123 km –61.5 km +107 km 

37.5 km 0 +37.5 km 

Resultant –61.5 km 144 km 

 Therefore, the eye of the hurricane is now 
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3.18 Choose the positive x-direction to be eastward and positive y as northward. Then, the components of the resultant 
displacement from Dallas to Chicago are 

  

 and  

  

  

 Thus, the displacement from Dallas to Chicago is  
 

 

3.19 The components of the displacements , , and  are 

   

   

   

 and  

   

   

 Thus, , and   

 so , and  

 City C is  from the starting point. 
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3.20 (a)  

   

   

  and  

  The resultant force is  

 (b) To have zero net force on the mule, the resultant above must be cancelled by a force equal in magnitude and 
oppositely directed. Thus, the required force is  

   

3.21 The single displacement required to sink the putt in one stroke is equal to the resultant of the three actual putts used by the 
novice. Taking east as the positive x-direction and north as the positive y-direction, the components of the three individual 
putts and their resultant are 

   

   

   

   

 The magnitude and direction of the desired resultant is then 

     and   

 Thus,   

3.22  and  

 The time to reach home plate is . 

 In this time interval, the vertical displacement is 

    

 Thus, the ball drops vertically . 

3.23 (a) With the origin chosen at point O as shown in Figure P3.23, the coordinates of the original position of the stone are 
. 

 (b) The components of the initial velocity of the stone are . 

 (c) The components of the stone’s velocity during its flight are given as functions of time by 

   

 and   

 (d) The coordinates of the stone during its flight are 

      

  and   
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 (e) We find the time of fall from  with : 

     

 (f) At impact, , and the vertical component is 

    

  Thus,  

  and  

  or  

 (a) At , the vertical component of velocity is zero, so  gives the time to reach the peak as 

3.24  

     

  Then,  gives the maximum vertical displacement as 

     

  The total time of flight is , so the horizontal range is 

     

  If we are to have , it is necessary that   

  This requirement reduces to    or   

  which gives the required launch angle as   

 (b) For maximum range, the launch angle would be , so 

     

  The ratio of  to the range in part (a)  is 

      or   

 (c) Note that in the calculation of the answer to part (a), the acceleration of gravity canceled out. Thus, 
 independent of the local acceleration of gravity. 
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3.25 At the maximum height , and the time to reach this height is found from 

    as  

 The vertical displacement that has occurred during this time is 

    

 If , we find 

    

 and if the angle of projection is , the launch speed is 

    

3.26 (a) When a projectile is launched with speed  at angle  above the horizontal, the initial velocity components are 
. Neglecting air resistance, the vertical velocity when the projectile returns to the level 

from which it was launched (in this case, the ground) will be . From this information, the total time of flight is 
found from  to be 

     

  Since the horizontal velocity of a projectile with no air resistance is constant, the horizontal distance it will travel in 
this time (i.e., its range) is given by 

     

  Thus, if the projectile is to have a range of  when launched at an angle of , the required initial 
speed is 

     

 (b) With  and , the total time of flight (as found above) will be 

     

 (c) Note that at ,  and that  will decrease as  is increased above this optimum launch 
angle. Thus, if the range is to be kept constant while the launch angle is increased above 45.0°, we see from 

 that   

  Observe that for , the function  increases as  is increased. Thus, increasing the launch angle above 45.0° 
while keeping the range constant means that both will increase. Considering the expression for  given 
above, we see that   

3.27 (a) The time required for the ball to travel  horizontally to the goal is found from  as 
. 

  At this time, the vertical displacement of the ball is given by . The vertical distance by which the ball 
clears the bar is , or 

     

  yielding . Thus, . 

 (b) The ball reaches the plane of the goal post at , or 
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  At this time, its vertical velocity is given by  as 

     

  Since , the ball has passed the peak of its arc and is  when it crosses the crossbar. 

3.28 (a) With the origin at ground level directly below the window, the original coordinates of the ball are . 

 (b)  

   

 (c)  

   

  or  

 (d) Since the ball hits the ground at , the x-coordinate at the landing site is 

     

 (e) Since  when the ball reaches the ground at , the result of (c) above gives 

   

  or   

 (f) When the ball has a vertical displacement of  it will be moving downward with a velocity given by 
 as 

     

  The elapsed time at this point is then 

     

3.29 We choose our origin at the initial position of the projectile. After 3.0 s, it is at ground level, so the vertical displacement is 
. 

 To find H, we use , which becomes 

   , or  

3.30 The initial velocity components of the projectile are 

    and  

 while the constant acceleration components are  and  

 The coordinates of where the shell strikes the mountain at  are 

    

 and 

    



66 

3.31 The speed of the car when it reaches the edge of the cliff is 

    

 Now, consider the projectile phase of the car’s motion. The vertical velocity of the car as it reaches the water is 

    

 or   

 (b) The time of flight is 

     

 (a) The horizontal displacement of the car during this time is 

     

3.32 The components of the initial velocity are 

    

 and 

    

 

 The time for the water to reach the building is 

   

 The height of the water at this time is , or 

    

3.33 (a) At the highest point of the trajectory, the projectile is moving horizontally with velocity components of  and 

     

 (b) The horizontal displacement is  and, from  the vertical 
displacement is 

     

  The straight line distance is 
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3.34 (a) The horizontal displacement of the ball at time t is  Thus, if the ball travels 24.0 m 
horizontally in 2.20 s, the initial speed of the ball must be 

     

 

 (b) The vertical displacement of the ball at the instant it passes over the top of the wall (at t = 2.20 s, and 24.0 m 
horizontally from the launch point) is given by , with , as 

     

  Thus, the ball clears the top of the wall by:   

 (c) The times when the ball is 6.00 m above ground level are found from , using 
: 

     

  or   

  This has solutions of  and . The first solution is when the ball passes the 6.00 m level on the way 
up and the second solution is the time when it lands on the roof. Note that this is  after it 
crosses over the wall. Thus, the ball lands a horizontal distance beyond the wall given by 

     

3.35 (a) The jet moves at  due east relative to the air. Choosing a coordinate system with the positive x-
direction eastward and the positive y-direction northward, the components of this velocity are 

     

 (b) The velocity of the air relative to Earth is  at 30.0° north of east. Using the coordinate system adopted 
in (a) above, the components of this velocity are 

      

  and  

 (c) Carefully observe the pattern of the subscripts in Equation 3.16 of the textbook. There, two objects (cars A and B) both 
move relative to a third object (Earth, E). The velocity of object A relative to object B is given in terms of the 
velocities of these objects relative to E as . In the present case, we have two objects, a jet (J) and the air 
(A), both moving relative to a third object, Earth (E). Using the same pattern of subscripts as that in Equation 3.16, the 
velocity of the jet relative to the air is given by 

     

 (d) From the expression for  found in (c) above, the velocity of the jet relative to the ground is . Its 
components are then 

     

  and   

  This gives the magnitude and direction of the jet’s motion relative to Earth as 
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  and   

  Therefore,   

3.36 Choose a reference system with the positive x-axis in the eastward direction and the positive y-axis vertically upward. Then, 
the velocities of the car and the raindrops relative to Earth are: , and 

. We also know that the velocity of the rain relative to the car, , is directed 
downward at  from the vertical. From Equation 3.16 in the text, these relative velocities are related by 

     or   

 Thus, these relative velocities form a 90°-vector triangle as shown below: 

 We then have 

   

 

 and   

 (a)  

  and   

 (b)  

  and   

3.37 Choose a reference system with the positive x-axis in the northward direction and the positive y-axis vertically upward. 
Then, the accelerations of the car and the bolt (in free-fall) relative to Earth are: , and 

. Similar to Equation 3.16 in the text for relative velocities, these accelerations 
are related to the acceleration of the bolt relative to the car, , by 

     or   

 Thus, these relative accelerations form a 90°-vector triangle as shown below: 

 (a) We see that  has components of 

   

  and   
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  so    

 (b) The acceleration of the bolt relative to Earth is that of a freely falling body, namely . 

 (c) Observers fixed on Earth see the bolt follow a  with , the same as any freely falling body 
having a horizontal initial velocity. 

3.38 As shown in the figure at the right, we choose a coordinate system with the y-axis lying at 15.0° east of north (i.e., along the 
direction of the original displacement, , of the ship from the cutter. During the time t required for the cutter to intercept the 
ship, the ship undergoes displacement  (directed at 40.0° east of north and 25.0° east of our y-axis) and the cutter 
undergoes displacement  (directed at angle  east of north or angle  relative to our y-axis). 

 The magnitude of  is given to be 20.0 km while the magnitudes of  and  will be  and 
, respectively. 

 

 (a) Equating the x-components in the vector triangle formed by the three displacements , , and , we see that 

     or  

  yielding  or  

  or to intercept the ship, the cutter must steer a course directed at 

     

 (b) To find the time required to intercept the ship, we equate the y-components in the vector triangle to find 

     

  Vor  

  yielding  

3.39 During the trip of duration t, the displacement of the plane relative to the ground, , is to have a magnitude of 750 km and 
be directed due north. We choose the positive y-axis to be directed northward and the positive x-axis directed eastward. 
During the trip, the plane’s displacement relative to the air  has magnitude  and is directed at some 
angle  relative to the y-axis. The displacement of the air relative to the ground, , has magnitude  
and is assumed to be at angle  from the y-axis.  
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 Since these relative displacements are related by , or , they form a vector triangle as shown 
above. Equating the x-components in the vector triangle gives , or 

    and  [1] 

 Equating y-components in the vector triangle gives , or 

    [2] 

 (a) The wind blows toward the south  and is a headwind for the plane . Then, Equation [2] gives 

      or   

 (b) The wind blows northward as a tailwind , and Equation [2] yields 

      or   

 (c) The wind blows due East, so . Then Equation [1] requires that 

     and  

  or the plane must fly 3.18° W of N relative to the air to maintain a due north heading relative to the ground. 

  Finally, Equation [2] for this case gives 

     

  or  

3.40 (a) If the salmon (a projectile) is to have  when , the required initial velocity in the vertical direction is 
given by  as 

     

  The elapsed time for the upward flight will be 

     

  If the horizontal displacement at this time is to be , the required constant horizontal component of the 
salmon’s velocity must be 

     

 (b) The speed with which the salmon must leave the water is then 

     

  , since , the salmon is capable of making this jump. 
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3.41 (a) Both the student (S) and the water (W) move relative to Earth (E). The velocity of the student relative to the water is 
given by , where  are the velocities of the student relative to Earth and the water relative to 
Earth, respectively. If we choose downstream as the positive direction, then ,  
when the student is going up stream, and  when the student moves downstream. 

  The velocity of the student relative to Earth for each leg of the trip is 

    

  and   

  The distance (measured relative to Earth) for each leg of the trip is . The times required for 
each of the two legs are 

   

  and   

  so the time for the total trip is 

   

 (b) If the water had been still , the speed of the student relative to Earth would have been the same for each leg 
of the trip, . In this case, the time for each leg and the total time would have 
been 

     

 (c)  

3.42 (a) The speed of the student relative to shore is  while swimming upstream and  while swimming 
downstream. The time required to travel distance d upstream is then 

     

 (b) The time required to swim the same distance d downstream is 

     

 (c) The total time for the trip is therefore 

     

 (d) In still water,  and the time for the complete trip is seen to be 

     

 (e) Note that  and that . Thus, when there is a current ,  

  . 
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3.43 (a) The bomb starts its fall with . Choosing the origin at the location of the plane when 
the bomb is released and upward as positive, the y-coordinate of the bomb at ground level is . 
The time required for the bomb to fall is given by  as  or . 

  With , the horizontal distance the bomb travels during this time is 

     

 (b) While the bomb is falling, the plane travels in the same horizontal direction with the same constant horizontal speed, 
, as the bomb. Thus, the plane remains directly above the bomb as the bomb falls to the ground. When 

impact occurs, the plane is 

   

 (c) The angle, measured in the forward direction from the vertical, at which the bombsight must have been set is 

     

3.44 (a) The time required for the woman, traveling at constant speed  relative to the ground, to travel distance L relative to 
the ground is .  

 (b) With both the walkway (W) and the man (M) moving relative to Earth (E), we know that the velocity of the man 
relative to the moving walkway is . His velocity relative to Earth is then . Since all of 
these velocities are in the same direction, his speed relative to Earth is . The time required 
for the man to travel distance L relative to the ground is then 

     

3.45 Choose the positive direction to be the direction of each car’s motion relative to Earth. The velocity of the faster car relative 
to the slower car is given by , where  is the velocity of the faster car relative to Earth, and 

 is the velocity of the slower car relative to Earth. 

 Thus,  and the time required for the faster car to move 100 m (0.100 km) 
closer to the slower car is 

    

3.46 The vertical displacement from the launch point (top of the building) to the top of the arc may be found from 
 with  at the top of the arc. This yields 

  

 and  gives 

   

 

 (a) If the origin is chosen at the top of the building, then .  
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  Thus, the maximum height above the ground is 

     

  The elapsed time from the point of release to the top of the arc is found from  as 

     

 (b) If the origin is chosen at the base of the building (ground level), then  and , giving 

     

  The calculation for the time required to reach maximum height is exactly the same as that given above. Thus, 
 

3.47 (a) The known parameters for this jump are: , , , , and . 

  Since , the horizontal displacement is , where t is the total time of the flight. Thus, 
. 

  The vertical displacement during the flight is given by  

    

  or  

  Thus,  

  or   

  yielding   

 (b) Rather than falling like a rock,  much like a bird, prolonging the jump. 

3.48 The cup leaves the counter with initial velocity components of , and has acceleration components of 
 while in flight. 

 (a) Applying  from when the cup leaves the counter until it reaches the floor gives 

     

  so the time of the fall is . 

 (b) If the cup travels a horizontal distance d while falling to the floor,  gives 

    or   

 (c) The components of the cup’s velocity just before hitting the floor are 

    and   

  Thus, the total speed at this point is   



74 

 (d) The direction of the cup’s motion just before it hits the floor is 

     

3.49   

  

 From the triangle BLD, 

   

 or  

 Since Car 2 travels this distance in 2.50 h, its constant speed is 

    

 

3.50 (a) After leaving the ledge, the water has a constant horizontal component of velocity. 

     

  Thus, when the speed of the water is , the vertical component of its velocity will be 

     

  The vertical displacement of the water at this point is 

     

  or the water is  below the ledge. 

 (b) VIf its speed leaving the water is , the maximum vertical leap of the salmon is 

     

  Therefore, the maximum height waterfall the salmon can clear is 

     

3.51 The distance, s, moved in the first 3.00 seconds is given by 

   

 Choosing the origin at the point where the rocket was launched, the coordinates of the rocket at the end of powered flight are 

    and   

 The speed of the rocket at the end of powered flight is 

   

 so the initial velocity components for the free-fall phase of the flight are 

    and   
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 (a) When the rocket is at maximum altitude, . The rise time during the free-fall phase can be found from 
 as 

     

  The vertical displacement occurring during this time is 

     

  The maximum altitude reached is then 

     

 (b) After reaching the top of the arc, the rocket falls  to the ground, starting with zero vertical velocity 
. The time for this fall is found from  as 

     

  The total time of flight is 

     

 (c) The free-fall phase of the flight lasts for 

     

  The horizontal displacement occurring during this time is 

     

  and the full horizontal range is 

     

3.52 Taking downstream as the positive direction, the velocity of the water relative to shore is , where  is the speed 
of the flowing water. Also, if  is the common speed of the two canoes relative to the water, their velocities relative to the 
water are 

     and   

 The velocity of a canoe relative to the water can also be expressed as . Applying this to the canoe moving 
downstream gives 

     [1] 

 and for the canoe going upstream 

     [2] 

 (a) Adding Equations [1] and [2] gives 

    ,  so   

 (b) Subtracting Equation [2] from [1] yields 

  ,  or   

3.53 (a) The time of flight is found from  with , as . 

  This gives the range as   

  On Earth this becomes  

  and on the Moon,  

  Dividing  by , we find . With , this gives 
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 (b) Similarly,  

3.54 (a) Since the can returns to the same spot on the truck bed that it was thrown from, the can must have zero horizontal 
velocity relative to the truck. This means that, in the reference frame of the truck, the can was thrown vertically 
upward or . 

 (b) While the can was in the air, the truck moved 16.0 m, at a constant speed of , relative to the ground. The time 
of flight of the can was therefore . The time for the can to go from the truck bed to the top 
of its arc was then 

     

  Thus,   gives the initial vertical velocity, and hence the initial speed of the can 
relative to the truck, as 

     

 (c) Since the boy is stationary in the reference frame of the truck, he sees the can 

   

 (d) In a frame of reference fixed on the ground, the can has a constant horizontal velocity 

   as it rises upward and falls back to the truck bed. Thus, 

   in this reference frame. 

 (e) The initial velocity of the can as seen by an observer on the ground is 

     

  directed at  

  or   

3.55 (a) The time for the ball to reach the fence is 

     

  At this time, the ball must be  above its launch position,  so  gives 

      

  or   

  From which,   

 (b) From above,  

 (c) When the ball reaches the wall (at ), 

     

     

     

3.56 (a) When a projectile returns to the level it was launched from, the time to reach the top of the arc is one half of the total 
time of flight. Thus, the elapsed time when the first ball reaches maximum height is . Also, at 
this time, , and  gives 

      or   
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 (b) In order for the second ball to reach the same vertical height as the first, the second must have the same initial vertical 
velocity as the first. Thus, we find  as 

     

3.57 The time of flight of the ball is given by , with , as 

    

 yielding a non-zero solution of  t = 2.0 s 

 The horizontal distance the football moves in this time is 

    

 (a) Since , the receiver must run away from the quarterback, 

  , if he is to catch the ball. 

  (b) The receiver has a time of 2.0 s to run a distance of , so the required speed is 

     

3.58 The horizontal component of the initial velocity is  and the time required for the ball to move 10.0 
m horizontally is 

    

 At this time, the vertical displacement of the ball must be 

    

 Thus,  becomes 

   

 or  

 which yields  

3.59 Choose an origin where the projectile leaves the gun and let the y-coordinates of the projectile and the target at time t be 
labeled , respectively. 

 Then,   , and 

    or  

 

 The time when the projectile will have the same x-coordinate as the target is 
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 For a collision to occur, it is necessary that  at this time, or 

   which reduces to   

 This requirement is satisfied provided that the gun is aimed at the initial location of the target. 

 Thus,  

3.60 (a) The components of the vectors are 

Vector x-component (cm) y-component (cm) 

 0 104 

 46.0 19.5 

 0 84.0 

 38.0 20.2 

  The sums  and  are computed as 

     

     

  or  

 (b) To normalize, multiply each component in the above calculation by the appropriate scale factor. The scale factor 
required for the components of  is 

     

  and the scale factor needed for components of  is 

     

  After using these scale factors and recalculating the vector sums, the results are 

     

  The difference in the normalized vector sums is . 

Vector x-component (cm) y-component (cm) 

 50.9 137 

 –45.1 –124 

 Σx = 5.8 Σy = 13 

  Therefore,  and 

    , or  
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3.61 To achieve maximum range, the projectile should be launched at 45° above the horizontal. In this case, the initial velocity 
components are 

    

 

 The time of flight may be found from  by recognizing that when the projectile returns to the original level, 
. 

 Thus, the time of flight is 

    

 The maximum horizontal range is then            [1] 

 Now, consider throwing the projectile straight upward at speed . At maximum height, , and the time required to 
reach this height is found from  as , which yields . 

 Therefore, the maximum height the projectile will reach is 

    

 Comparing this result with the maximum range found in Equation [1] above reveals that  provided the 
projectile is given the same initial speed in the two tosses. 

 If the girl takes a step when she makes the horizontal throw, she can likely give a higher initial speed for that throw than for 
the vertical throw. 

3.62 (a) , so the time may be written as .  

  Thus,  becomes 

     

  or  

 (b) Note that this result is of the general form  with 

     

3.63 In order to cross the river in minimum time, the velocity of the boat relative to the water ( ) must be perpendicular to the 
banks (and hence perpendicular to the velocity  of the water relative to shore). 
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 The velocity of the boat relative to the water is , where  is the velocity of the boat relative to shore. Note 
that this vector equation can be rewritten as . Since  and  are to be perpendicular in this case, the 
vector diagram for this equation is a right triangle with  as the hypotenuse. 

 Hence, velocity of the boat relative to shore must have magnitude 

    

 and be directed at 

    

 to the direction of the current in the river (which is the same as the line of the riverbank). 

 The minimum time to cross the river is 

    

 During this time, the boat drifts downstream a distance of 

    

3.64 For the ball thrown at 45.0°, the time of flight is found from 

     as   

 which has the single non-zero solution of 

    

 The horizontal range of this ball is 

    

 Now consider the first arc in the motion of the second ball, started at angle  with initial speed . Applied to this arc, 
 becomes 

    

 with non-zero solution 

    

 Similarly, the time of flight for the second arc (started at angle  with initial speed ) of this ball’s motion is found to be 

    

 The horizontal displacement of the second ball during the first arc of its motion is 

    

 Similarly, the horizontal displacement during the second arc of this motion is 

    

 The total horizontal distance traveled in the two arcs is then 
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 (a) Requiring that the two balls cover the same horizontal distance (that is, requiring that ) gives 

     

  This reduces to , which yields , so  is the required projection angle for the second 
ball. 

 (b) The total time of flight for the second ball is 

     

  Therefore, the ratio of the times of flight for the two balls is 

     

  With  = 26.6° as found in (a), this becomes 

     

3.65 The initial velocity components for the daredevil are  and , or 

    

 The time required to travel 50.0 m horizontally is 

    

 The vertical displacement of the daredevil at this time, and the proper height above the level of the cannon to place the net, 
is 

    

3.66 The vertical component of the salmon’s velocity as it leaves the water is 

    

 When the salmon returns to water level at the end of the leap, the vertical component of velocity will be 
. 

 The time the salmon is out of the water is given by 

    

 The horizontal distance traveled during the leap is 

    

 To travel this same distance underwater, at speed , requires a time of 

    

 The average horizontal speed for the full porpoising maneuver is then 

    

3.67 (a) and (b) Since the shot leaves the gun horizontally,  and the time required to reach the target is 

     

  The vertical displacement occurring in this time is 
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  which gives the drop as 

     

 (c) If x = 3.00 m, and y = 0.210 m, then 

   

  and   

3.68 The velocity of the wind relative to the boat, , is given by  where  and   

 are the velocities of the wind and the boat relative to Earth, respectively. Choosing the positive x-direction as east and 
positive y as north, these relative velocities have components of 

    

    

 so   

 (a) The velocity of the wind relative to the boat has magnitude and direction of 

     

  and   

  or  

 (b) The component of this velocity parallel to the motion of the boat (that is, parallel to a north-south line) is 
. 

3.69 (a) Take the origin at the point where the ball is launched. Then , and the coordinates of the ball at time t later 
are 

      and   

  When the ball lands at , the y-coordinate is  and the elapsed time is found from 

     

  for which the non-zero solution is 

     

  Substituting this time into the equation for the x-coordinate gives 

     

  Thus, if , we must have 

     

  with solutions of   
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  So, the two possible launch angles are  

 (b) At maximum height, , and the elapsed time is given by 

     

  The y-coordinate of the ball at this time will be 

     

  The maximum heights corresponding to the two possible launch angles are 

   

  and   

3.70 (a) Consider the falling water to consist of droplets, each following a projectile trajectory. If the origin is chosen at the 
level of the pool and directly beneath the end of the channel, the parameters for these projectiles are: 

    

    

     

  The elapsed time when the droplet reaches the pool is found from  as 

      or   

  The distance from the wall where the water lands is then 

     

  This space is  

 (b) It is desired to build a model in which linear dimensions, such as the height  and horizontal range of the water 
, are one-twelfth the corresponding dimensions in the actual waterfall. If  is to be the speed of the water flow 

in the model, then we would have  

   

  or   

  and the needed speed of flow in the model is 

     

3.71 (a) Applying  to the vertical motion of the first snowball gives 

     

  which has the non-zero solution of 

     

  as the time of flight for this snowball. 
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  The horizontal displacement this snowball achieves is 

     

  Now consider the second snowball, also given an initial speed of , thrown at angle , and in the air for 
time . Applying  to its vertical motion yields 

     

  which has a non-zero solution of 

     

  We require the horizontal range of this snowball be the same as that of the first ball, namely 

     

  This yields the equation 

     

  From the trigonometric identity , this result becomes 

      so   

  and the required angle of projection for the second snowball is 

     

 (b) From above, the time of flight for the first snowball is  and that for the second snowball is 

     

  Thus, if they are to arrive simultaneously, the time delay between the first and second snowballs should be 

     

3.72 First, we determine the velocity with which the dart leaves the gun by using the data collected when the dart was fired 
horizontally ( ) from a stationary gun. In this case,  gives the time of flight as 

    

 Thus, the initial speed of the dart relative to the gun is 

    

 At the instant when the dart is fired horizontally from a moving gun, the velocity of the dart relative to the gun may be 
expressed as , where  are the velocities of the dart and gun relative to Earth, respectively. The 
initial velocity of the dart relative to Earth is therefore 

    

 

 From the vector diagram, observe that 

   

 and  
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 The vertical velocity of the dart after dropping 1.00 m to the ground is 

    

 and the time of flight is 

    

 The displacement during the flight is 

    

3.73 (a) First, use  to find the time for the coyote to travel 70 m, starting from rest with constant acceleration 
. 

     

  The minimum constant speed the roadrunner must have to reach the edge in this time is 

     

 (b) The initial velocity of the coyote as it goes over the edge of the cliff is horizontal and equal to 

     

  From , the time for the coyote to drop 100 m, with , is 

     

  The horizontal displacement of the coyote during his fall is 

     

3.74 The known parameters for the flight of the melon are: 

    

    

    

    

    

  

 

 The y-coordinate of the melon as a function of time is given by  as 

     or   [1] 

 and the x-coordinate as a function of time is . Thus, the elapsed time may be expressed in terms of the x-
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coordinate as , so Equation [1] for the y-coordinate becomes 

     and   [2] 

 Since, at impact, we must have , Equation [2] says that when impact occurs we must have 

     or   [3] 

 Equation [3] has a trivial solution x = 0, but the x-coordinate of the melon at impact is a solution of the equation 

     or   

 Thus, at impact 

    

 and the y-coordinate is   


