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MOTION ALONG A STRAIGHT LINE

2
Answers to Multiple-Choice Problems

1. C, D 2. C 3. C, D 4. A, B 5. D 6. C 7. A, D 8. A 9. B 10. C 11. A 12. A, C, D 13. B, D
14. D 15. C

Solutions to Problems

2.1. Set Up: Let the direction be to the right in the figure.
Solve: (a) The lengths of the segments determine the distance of each point from O:

and 

(b) The displacement is the sign of indicates its direction. The distance is always positive.
(i) A to B: Distance is 50 cm.
(ii) B to C: Distance is 30 cm.
(iii) C to D: Distance is 20 cm.
(iv) A to D:
Reflect: When the motion is always in the same direction during the interval the magnitude of the displacement and
the distance traveled are the same. In (iv) the ant travels to the right and then to the left and the magnitude of the dis-
placement is less than the distance traveled.

2.2. Set Up: From the graph the position at each time t is:
and 
Solve: (a) The displacement is (i) (ii) (iii) 

(iv) 
(b) (i) (ii) (iii) zero (stays at 

2.3. Set Up: Let the direction be to the right. 
Solve: Average velocity is 

Reflect: The average speed is greater than the magnitude of the average velocity.

2.4. Set Up: The distance traveled is 2650 miles and the displacement is 1000 miles.
Solve: (a)

Average speed 5
distance

time
5

2650 miles

2016 h
5 1.3 mi/h

time 5 12 weeks 1168 h/week 2 5 2016 h

Average speed 5
distance

time
5

4.0 m 1 1.0 m 1 1.0 m

3.0 s
5 2.0 m/s

vav-x 5
Dx

Dt
5

xC 2 xA

Dt
5

16.0 m 2 2.0 m

3.0 s
5 1.3 m/s.

xC 5 6.0 m.xB 5 7.0 m,xA 5 2.0 m,1x

x 5 6.0 m)1.0 m 1 1.0 m 5 2.0 m;3.0 m 1 1.0 m 5 4.0 m;
Dx 5 x4 2 x2 5 0.x3 2 x2 5 21.0 m;

Dx  5Dx 5 x10 2 x3 5 17.0 m;Dx 5 x10 2 x1 5 15.0 m;Dx.
x10 5 6.0 m.

x8 5 6.0 m,x4 5 0,x3 5 21.0 m,x2 5 0,x1 5 1.0 m,xt

Distance 5 2 1AB 2 5 100 cm.Dx 5 xD 2 xA 5 0.
Dx 5 xD 2 xC 5 25 cm 2 15 cm 5 220 cm.

Dx 5 xC 2 xB 5 115 cm 2 45 cm 5 230 cm.
Dx 5 xB 2 xA 5 145 cm 2 125 cm 2 5 150 cm.

DxDx;

xD 5 25 cm.xC 5 115 cm,xB 5 145 cm,xA 5 25 cm,

1x



(b)

(c) The hiking time is 

2.5. Set Up:

Solve: (a)

A to B:

B to C:

A to C:

(b) The velocity is always in the same direction so the distance traveled is equal to the displacement
in each case, and the average speed is the same as the magnitude of the average velocity.
Reflect: The average speed is different for different time intervals.

2.6. Set Up:

Solve: (a)

A to B:

B to C:

A to C:

(b) For A to B and for B to C the distance traveled equals the magnitude of the displacement and the average speed
equals the magnitude of the average velocity. For A to C the displacement is zero. Thus, the average velocity is zero
but the distance traveled is not zero so the average speed is not zero. For the motion A to B and for B to C the veloc-
ity is always in the same direction but during A to C the motion changes direction.

2.7. Set Up: The positions at time t are:
Solve: (a) The distance is 

(b) (i) (ii) (iii) 

(iv) (v) 

Reflect: In successive 1 s time intervals the boulder travels greater distances and the average velocity for the inter-
vals increases from one interval to the next.

vav, x 5
x4 2 x0

4.0 s
5 4.0 m/svav, x 5

x4 2 x3

1.0 s
5 7.0 m/s;

vav, x 5
x3 2 x2

1.0 s
5 5.0 m/s;vav, x 5

x2 2 x1

1.0 s
5 3.0 m/s;vav, x 5

x1 2 x0

1.0 s
5 1.0 m/s;vav-x 5

Dx

Dt
 .

x3 2 x1 5 8.0 m.
x4 5 16.0 m.x3 5 9.0 m,x2 5 4.0 m,x1 5 1.0 m,x0 5 0,xt

vav-x 5
xC 2 xA

tC 2 tA

5 0

vav-x 5
xC 2 xB

tC 2 tB

5
225.0 m

3.0 s
5 28.3 m/s

vav-x 5
Dx

Dt
5

xB 2 xA

tB 2 tA

5
25.0 m

3.0 s
5 8.3 m/s

vav-x 5
Dx

Dt

xC 5 0.xB 5 25.0 m,xA 5 0,tC 5 6.0 s.tB 5 3.0 s,tA 5 0,

(1x-direction),

vav-x 5
xC 2 xA

tC 2 tA

5
9.0 m

5.0 s
5 1.8 m/s

vav-x 5
xC 2 xB

tC 2 tB

5
6.0 m

4.0 s
5 1.5 m/s

vav-x 5
Dx

Dt
5

xB 2 xA

tB 2 tA

5
3.0 m

1.0 s
5 3.0 m/s

vav-x 5
Dx

Dt

tC 5 5.0 s.tB 5 1.0 s,tA 5 0,xC 5 9.0 m.xB 5 3.0 m,xA 5 0,

Average speed 5
2650 miles

672 h
5 3.9 mi/h

112 weeks 2 17 days/week 2 18 h/day 2 5 672 h.

vav-x 5
Dx

Dt
5

1000 mi

2016 h
5 0.50 mi/h

2-2 Chapter 2



2.8. Set Up: is the slope of the x versus t graph. In each case this slope is constant, so is constant.
Solve: The graphs of versus t are sketched in Figure 2.8.

Figure 2.8

2.9. Set Up: Let be the direction the runner travels. 

Solve: (a)

(b)

(c)

2.10. Set Up: Assume constant speed so 

Solve: (a)

(b)

2.11. Set Up:
Solve: (a)

(b)

2.12. Set Up: The distance around the circular track is For a half-lap, Use
coordinates for which the origin is at her starting point and the x-axis is along a diameter, as shown in Figure 2.12.

Figure 2.12

Solve: (a) After one lap she has returned to her starting point. Thus, and 

(b) and average speed 5
d

t
5

63 m

28.7 s
5 2.20 m/svav-x 5

Dx

Dt
5

40.0 m

28.7 s
5 1.39 m/s;Dx 5 40.0 m

d

t
5

126 m

62.5 s
5 2.01 m/saverage speed  5

vav, x 5 0.Dx 5 0

Start

After 1 lapAfter    lap
O

y

x

1
2
2

d 5 63 m.d 5 p 140.0 m 2 5 126 m.

t 5
d

t
5

550 3 105 cm

5.0 cm/yr
5 1.1 3 107 yr

d 5 vt 5 15.0 cm/yr 2 1100 yr 2 5 500 cm 5 5.0 m
1 km 5 105 cm.1.0 century 5 100 yr.

d 5 vt 5 7 1 331 m/s 2 111 s 2 5 2.5 3 104 m 5 25 km

t 5
d

t
5

5.0 3 106 m

7 1331 m/s 2 5 1 2158 s 2 11 min

60 s 2 5 36 min

d 5 vt.v,

115.0 mi/h 2 10.4470 m/s
1 mi/h 2 5 6.70 m/s

115.0 mi/h 2 11.466 ft/s
1 mi/h 2 5 22.0 ft/s

vav, x 5
1.00 mi

1 4.00 min 2 11 h/60 min 2 5 15.0 mi/h

1 mi/h 5 1.466 ft/s 5 0.4470 m/svav, x 5
Dx

Dt
 .1x

vx

vx  constant and positive

t
O

vx  zero vx  constant and negative
(a) (b) (c)

vx

t
O

vx

t
O

vx

vxvx 1 t 2
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2.13. Set Up: The speed of light is 
Solve:

2.14. Solve: (a) touch: pain:

(b) The difference between the two times in (a) is 3.01 s.

2.15. Set Up: The speed of light is Light and sound travel at constant speed so The
distance from the earth to the sun is The distance from the earth to the moon is 

Solve: (a)
(b) Light:

Sound:

(c)

(d)

(e)

2.16. Set Up: The distance d around a circular path is The radius of the earth is and the
earth completes one rotation in 24 h. The radius of the earth’s orbit is and the earth completes one
revolution around the sun in 

Solve: (a)

(b)

2.17. Set Up: Use the normal driving time to find the distance. Use this distance to find the time on Friday.

Solve: Then on Friday The

increase in time is 
Reflect: A smaller average speed corresponds to a longer travel time when the distance is the same.

2.18. Set Up: Let d be the distance A runs in time t. Then B runs a distance in the same time t.
Solve: and Combine these two equations to eliminate d. and 

Then they will meet 106 m from where A starts.

2.19. Set Up: The instantaneous velocity is the slope of the tangent to the x versus t graph.
Solve: (a) The velocity is zero where the graph is horizontal; point IV.
(b) The velocity is constant and positive where the graph is a straight line with positive slope; point I.
(c) The velocity is constant and negative where the graph is a straight line with negative slope; point V.
(d) The slope is positive and increasing at point II.
(e) The slope is positive and decreasing at point III.

2.20. Set Up: The instantaneous velocity at any point is the slope of the x versus t graph at that point. Estimate the
slope from the graph.
Solve: A: B: C: D: E: F:
G:
Reflect: The sign of shows the direction the car is moving. is constant when x versus t is a straight line.vxvx

vx 5 0.
vx 5 240.0 m/s;vx 5 240.0 m/s;vx 5 240.0 m/s;vx 5 0;vx 5 6.7 m/s;vx 5 6.7 m/s;

d 5 18.0 m/s 2 113.3 s 2 5 106 m;t 5
200.0 m

8.0 m/s 1 7.0 m/s
5 13.3 s.

200.0 m 2 vA t 5 vB t200.0 m 2 d 5 vB t.d 5 vA t
200.0 m 2 d

2.00 h 2 1.33 h 5 0.67 h 5 40 min.

Dt 5
Dx

vav, x
5

140 km

70 km/h
5 2.00 h.Dx 5 vav, xDt 5 1105 km/h 2 11.33 h 2 5 140 km.

v 5
d

t
5

2p 11.50 3 1011 m 2
3.156 3 107 s/yr

5 29.9 km/s

v 5
d

t
5

2p 16.38 3 106 m 2
124 h 2 13600 s/h 2 5 464 m/s

1 yr 5 3.156 3 107 s.
1.50 3 1011 m

6.38 3 106 md 5 2pr.

Dt 5
Dx

vav, x
5

1.80 3 1012 m

3.00 3 108 m/s
5 6000 s

Dt 5
Dx

vav, x
5

2 1 3.84 3 108 m 2
3.00 3 108 m/s

5 2.56 s

Dt 5
Dx

vav, x
5

1.50 3 1011 m

3.00 3 108 m/s
5 500 s

Dx 5 1344 m/s 2 11.0 3 1029 s 2 5 3.44 3 1027 m.
Dx 5 13.00 3 108 m/s 2 11.0 3 1029 s 2 5 0.300 m.
Dx 5 1 3.00 3 108 m/s 2 13.156 3 107 s 2 5 9.47 3 1015 m

1 y 5 3.156 3 107 s
3.48 3 108 m.1.50 3 1011 m.

Dx 5 vav, x 
Dt.3.00 3 108 m/s.

t 5
1.85 m

0.610 m/s
5 3.03 st 5

1.85 m

76.2 m/s
5 0.0243 s;t 5

d

v
 .

d 5 vt 5 1 3.00 3 108 m/s 2 1100 3 10218 s 2 5 3.0 3 1028 m 5 30 nm
v 5 3.00 3 108 m/s.1 attosecond 5 1 3 10218 s.
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2.21. Set Up: Values of at time t can be read from the graph: and
is constant when x versus t is a straight line.

Solve: The motion consists of constant velocity segments.

to 4.0 s:

to 10.0 s: to 18.0 s:

The graph of versus t is shown in Figure 2.21.

Figure 2.21

Reflect: is the slope of x versus t.

2.22. Set Up: The instantaneous acceleration is the slope of the versus t graph.
Solve: The graph is horizontal, so 

The graph is a straight line with slope 

The graph is a straight line with slope 

2.23. Set Up:

Solve: (a) 0 s to 2 s: 2 s to 4 s: 4 s to 6 s: 6 s to 8 s:
8 s to 10 s: 10 s to 12 s: 12 s to 14 s: 14 s to 16 s: The
acceleration is not constant over the entire 16 s time interval. The acceleration is constant between 6 s and 12 s.

aav, x 5 0.aav, x 5 1.0 m/s2;aav, x 5 2.5 m/s2;aav, x 5 2.5 m/s2;
aav, x 5 2.5 m/s2;aav, x 5 1.5 m/s2;aav, x 5 1.0 m/s2;aav, x 5 0;

aav, x 5
Dvx

Dt

ax 5 211 m/s2.
0 2 44 m/s

4 s
5 211 m/s2;t 5 11 s:

ax 5 6.0 m/s2.
44 m/s 2 20 m/s

4 s
5 6.0 m/s2;t 5 7 s:

ax 5 0.t 5 3 s:
vx

vx

vx1cm/s2

0.75

0.17

4.0 10.0 18.0O
t 1s2

vx

vx 5 0.t 5 10.0 svx 5
4.0 cm 2 3.0 cm

6.0 s
5 0.17 cm/s;t 5 4.0 s

vx 5
3.0 cm 2 0

4.0 s
5 0.75 cm/s;t 5 0

vxx18 5 4.0 cm.
x10 5 4.0 cm,x4 5 3.0 cm,x0 5 0,xt
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(b) The graph of versus t is given in Figure 2.23. 

Figure 2.23

Reflect: The acceleration is constant when the velocity changes at a constant rate. When the velocity is constant, the
acceleration is zero.

2.24. Set Up:

Solve: (a) and 

(b) and 

(c) (d)

2.25. Set Up: The acceleration equals the slope of the versus t curve.
Solve: The qualitative graphs of acceleration as a function of time are given in Figure 2.25.

Figure 2.25

The acceleration can be described as follows: (a) positive and constant, (b) positive and increasing, (c) negative and
constant, (d) positive and decreasing.
Reflect: When and have the same sign then the speed is increasing. In (c) the velocity and acceleration have
opposite signs and the speed is decreasing.

axvx

O

ax

t

(d)

O

ax

t
O

ax

t

O

ax

t

(a) (c)(b)

vxax

1 24.3 m/s2 2 1 1g

9.8 m/s2 2 5 2.5g11.67 m/s2 2 1 1g

9.8 m/s2 2 5 0.17g

60g 5 1 590 m/s2 2 1 1 ft

0.3048 m 2 5 1900 ft/s260g 5 590 m/s2

5g 5 149 m/s2 2 1 1 ft

0.3048 m 2 5 160 ft/s25g 5 49 m/s2

g 5 9.8 m/s2.1 ft 5 0.3048 m.

t 1s2

vx 1m/s2

20

15

10

12

5

O 4 8 16

ax 5 0.t 5 15 s:ax 5 1.0 m/s2;t 5 13 s:ax 5 2.5 m/s2;t 5 9 s:vx
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2.26. Set Up: The acceleration is the slope of the graph of versus t.
Solve: (a) Reading from the graph, at to the right and at to
the left.

(b) versus t is a straight line with slope The acceleration is constant and equal to 

to the left.
(c) The graph of versus t is given in Figure 2.26.

Figure 2.26

2.27. Set Up: Assume constant acceleration. and Let 

Solve: (a) and 

(b)

2.28. Set Up: and Let and 

(a) and 

(b) or 

2.29. Set Up: Assume constant acceleration. Take the direction to be downward, in the direction of the motion
of the capsule. (stops), and 

Solve: (a) and 

The minus sign tells us that is upward.

(b) so 

Reflect: Since the speed decreases, and must be in opposite directions.

2.30. Set Up: Let be in his direction of motion. Assume constant acceleration. (a)
and (b)

Solve: (a) and 

Yes, the time required is larger than 5.0 s.

(b) vx 5 v0x 1 ax t 5 0 1 149.0 m/s2 2 15.0 s 2 5 245 m/s

t 5
vx 2 v0x

ax
5

993 m/s 2 0 

49.0 m/s2
5 20.3 svx 5 v0x 1 ax t

t 5 5.0 sax 5 5g 5 49.0 m/s2.v0x 5 0,993 m/s,
vx 5 3 1 331 m/s 2   51x

axvx

t 5
vx 2 v0x

ax
5

0 2 86.4 m/s
24.6 3 103 m/s2

5 18.7 msvx 5 v0x 1 ax t

ax

ax 5
vx 

2 2 v0x 

2

2 1 x 2 x0 2 5
0 2 1 86.4 m/s 2 2

2 1 0.81 m 2 5 24.61 3 103 m/s2 5 2470g.vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2
x 5 0.81 m.x0 5 0vx 5 0v0x 5 311 km/h 5 86.4 m/s,

1x

x 5 1
2 1 33 ft/s2 2 12.0 s 2 2 5 66 ftx 5 x0 1 v0x t 1 1

2 ax t 2 5 1
2 110 m/s2 2 12.0 s 2 2 5 20 m,

ax 5 110 m/s2 2 13.281 ft

1 m 2 5 33 ft/s2

ax 5
vx 2 v0x

t
5

20.1 m/s 2 0

2.0 s
5 10 m/s2vx 5 v0x 1 ax t

20.1 m/s.
vx 5 45 mph  5t 5 2.0 s,v0x 5 0,x0 5 0.1 m 5 3.281 ft.1 mph 5 0.4470 m/s

x 5 x0 1 v0x t 1 1
2 ax t 2 5 1 88 ft/s 2 13.50 s 2 1 1

2 1 6.3 ft/s2 2 13.50 s 2 2 5 347 ft

ax 5
vx 2 v0x

t
5

110 ft/s 2 88 ft/s
3.50 s

5 6.3 ft/s2.vx 5 v0x 1 ax t

x0 5 0.t 5 3.50 s.vx 5 110 ft/s,v0x 5 88 ft/s,

ax

O
t

21.3 m/s2

ax

1.3 cm/s2,

2 

8.0 cm/s
6.0 s

5 21.3 cm/s2.vx

vx 5 1.3 cm/s,t 5 7.0 s,vx 5 2.7 cm/s,t 5 4.0 s,
vxax
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2.31. Set Up: Assume your head accelerates upward 1.0 m in 0.25 s with constant acceleration. Let be upward.
and 

Solve: (a) and 

(b) No, different parts of your body travel through different distances in the same time.
Reflect: The shorter the time for you to stand up, the greater the acceleration.

2.32. Set Up: Let be the direction the jet travels and take 
and 

Solve: (a) and 

(b)

2.33. Set Up: Let be the direction the person travels. (stops),
is negative since it is opposite to the direction of the motion.

Solve: so Then gives 

Reflect: We could also find the initial speed:

2.34. Set Up: Take the direction to be the direction of motion of the boulder.
Solve: (a) Use the motion during the first second to find the acceleration. and

and 

For the second second, and 

We can also solve for the location at starting at 

which agrees with 2.00 m in the first second and 6.00 m in the second second. The boulder speeds up so travels far-
ther in each successive second.
(b) We have already found after the first second. After the second second,

2.35. Set Up: Let be in the direction of motion of the bullet. and 
Solve: (a) and 

(b) so 

Reflect: The acceleration is very large compared to g. In (b) we could also use to calculate

t 5
2 1 x 2 x0 2

vx
5

2 10.127 m 2
335 m/s

5 0.758 ms

1 x 2 x0 2 5 1v0x 1 vx

2 2 tt 5
vx 2 v0x

ax
5

335 m/s 2 0

4.42 3 105 m/s2
5 0.758 msvx 5 v0x 1 ax t

ax 5
vx 

2 2 v0x 

2

2 1 x 2 x0 2 5
1335 m/s 2 2 2 0

2 10.127 m 2 5 4.42 3 105 m/s2 5 4.51 3 104g

vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2
x 5 0.127 m.vx 5 335 m/s,x0 5 0,v0x 5 0,1x

vx 5 v0x 1 ax t 5 4.00 m/s 1 14.00 m/s2 2 11.00 s 2 5 8.00 m/s
vx 5 4.00 m/s

x 5 x0 1 v0x t 1 1
2 ax t 2 5 1

2 14.00 m/s2 2 12.00 s 2 2 5 8.00 m,

t 5 0:t 5 2.00 s,

x 5 x0 1 v0x t 1 1
2 ax t 2 5 1 4.00 m/s 2 11.00 s 2 1 1

2 14.00 m/s2 2 11.00 s 2 2 5 6.00 m

t 5 1.00 s.ax 5 4.00 m/s2,v0x 5 4.00 m/s,

vx 5 v0x 1 ax t 5 1 4.00 m/s2 2 11.00 s 2 5 4.00 m/s

ax 5
2x

t 2 5
2 12.00 m 2
11.00 s 2 2 5 4.00 m/s2x 5 x0 1 v0x t 1 1

2 ax t 2

t 5 1.00 s.
x 5 2.00 m,x0 5 0,v0x 5 0,

1x

v0x 5 2ax t 5 2 12588 m/s2 2 136 3 1023 s 2 5 21 m/s 5 47 mph

x 5 2 
1
2 12588 m/s2 2 13.6 3 1022 s 2 2 5 38 cm

x 5 2 
1
2 ax t 2.x 5 x0 1 v0x t 1 1

2 ax t 2v0x 5 2ax t.vx 5 v0x 1 ax t
axax 5 260g 5 2588 m/s2.

t 5 36 ms 5 3.6 3 1022 s,vx 5 01x

x 5 x0 1 v0x t 1 1
2 ax t 2 5 1

2 139.2 m/s2 2 133.8 s 2 2 5 2.24 3 104 m 5 22.4 km

t 5
vx 2 v0x

ax
5

1324 m/s 2 0

39.2 m/s2
5 33.8 svx 5 v0x 1 ax t

v0x 5 0.1324 m/s,
vx 5 4 1331 m/s 2   5ax 5 4g 5 39.2 m/s2,x0 5 0.1x

ax 5
2 1 x 2 x0 2

t 2 5
2 1 1.0 m 2
10.25 s 2 2 5 30 m/s2 5 3gx 2 x0 5 v0x t 1 1

2 ax t 2

t 5 0.25 s.x 2 x0 5 1.0 m,v0x 5 0,
1x
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2.36. Set Up: Take in the direction to be in the direction the airplane travels. 

Solve: gives 

2.37. Set Up: Estimate 

Solve: (a) and 

(b)

2.38. Set Up: The car travels at constant speed during the reaction time. Let be the
direction the car is traveling, so after the brakes are applied.

Solve: (a) During the reaction time the car travels a distance of

For the motion after the brakes are applied, and 

gives 

The total distance is 

(b) A calculation similar to that of part (a) gives a total stopping distance

of 

2.39. Set Up: Let be the direction the car is traveling.
Solve: (a) braking: gives

Speeding up: gives

(b)

(c)

Reflect: The magnitude of the acceleration while braking is much larger than when speeding up. That is why it takes
much longer to go from 0 to 60 mph than to go from 60 mph to 0.

2.40. Set Up: Let be the direction the train is traveling. Find for each segment of the motion.
Solve: to 14.0 s: At the speed is

In the next 70.0 s, and For the interval during which the
train is slowing down, and gives 

The total distance traveled is 157 m 1 1568 m 1 72 m 5 1800 m.

x 2 x0 5
vx 

2 2 v0x 

2

2ax

5
0 2 122.4 m/s 2 2

2 123.50 m/s2 2 5 72 m.

vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2vx 5 0.ax 5 23.50 m/s2v0 x 5 22.4 m/s,
x 2 x0 5 v0x t 5 122.4 m/s 2 170.0 s 2 5 1568 m.ax 5 0

vx 5 v0x 1 ax 5 1 1.60 m/s2 2 114.0 s 2 5 22.4 m/s.

t 5 14.0 s,x 2 x0 5 v0x t 1 1
2 ax t 2 5 1

2 1 1.60 m/s2 2 114.0 s 2 2 5 157 m.t 5 0
x 2 x01x

t 5
vx 2 v0x

ax
5

0 2 88.0 ft/s
226.5 ft/s2

5 3.32 s

vx 5 v0x 1 ax t 5 0 1 16.67 ft/s2 2 119.9 s 2 5 133 ft/s 5 90.5 mph

ax 5
2 1 x 2 x0 2

t 2 5
2 1 1320 ft 2
119.9 s 2 2 5 6.67 ft/s2

x 2 x0 5 v0x t 1 1
2 ax t 2t 5 19.9 s.x 2 x0 5 1320 ft,v0x 5 0,

ax 5
vx 

2 2 v0x 

2

2 1 x 2 x0 2 5
0 2 188.0 ft/s 2 2

2 1146 ft 2 5 226.5 ft/s2

vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2vx 5 0.x 2 x0 5 146 ft,v0x 5 88.0 ft/s,
1x60.0 mph 5 88.0 ft/s.0.250 mi 5 1320 ft.

1 x 2 x0 2 5 56.4 ft 1 270.7 ft 5 327 ft.

v0x 5 155.0 mi/h 2 11.466 ft/s
1 mi/h 2 5 80.6 ft/s.

15.4 ft 1 20.2 ft 5 35.6 ft.

1 x 2 x0 2 5
vx 

2 2 v0x 

2

2ax

5
0 2 122.0 ft/s 2 2

2 1212.0 ft/s2 2 5 20.2 ft.

vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2vx 5 0.ax 5 212.0 ft/s2,v0x 5 22.0 ft/s,
122.0 ft/s 2 10.7 s 2 5 15.4 ft.

v0x 5 115.0 mi/h 2 11.466 ft/s
1 mi/h 2 5 22.0 ft/s.

ax 5 212.0 ft/s2

1x1 mi/h 5 1.466 ft/s.

x 5 x0 1 v0x t 1 1
2 ax t 2 5 1

2 15.4 m/s2 2 15.0 s 2 2 5 68 m 5 220 ft

ax 5
vx 2 v0x

t
5

26.8 m/s 2 0

5.0 s
5 5.4 m/s2 5 18 ft/s2.vx 5 v0x 1 ax t

vx 5 60 mph 5 26.8 m/s.v0x 5 0,x0 5 0,t 5 5.0 s.

vx 5
2 1 x 2 x0 2

t
5

2 1280 m 2
8.00 s

5 70.0 m/s1 x 2 x0 2 5 1v0x 1 vx

2 2 t 1 x 2 x0 2 5 280 m.v0x 5 0.1x
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2.41. Set Up: and where r is the radius.

Solve: and 

and 

2.42. Set Up: Let L be the length of each side of the cube. The cube has 6 faces of area so 

Solve: and surface area increases by a factor of 9.

and volume increases by a factor of 27.

2.43. Set Up: For a sphere of radius R the volume is and the surface area is 

Solve: (a) and 

(b) and surface area changes by a factor of 

2.44. Set Up: Let and be the accelerations of the rockets, with They reach the same final speed, so
Since they start from rest,

Solve: (a) gives and 

(b) gives and 

2.45. Set Up: and 

Solve: (a) gives and gives and 

(b) gives and Since and 

Reflect: is proportional to t and for x is proportional to 

2.46. Set Up: and Let Since cars stop,

Solve: (a) gives and 

(b) gives so 

2.47. Set Up: Let and 

Solve: (a) gives and 

xB 5 1vB

vA
2 2

xA 5 4 1500 m 2 5 2000 m

vA 

2

xA
5

vB 

2

xB
 .ax 5

vx 

2 2 v0x 

2

2 1 x 2 x0 2vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2
vB 5 2vA .aA 5 aBx0A 5 x0B 5 0.v0A 5 v0B 5 0.

tA 5 1aB

aA
2 tB 5 1

3 TaA tA 5 aB tB ,vx 5 v0x 1 ax t

xB 5 1aA

aB
2xA 5 3DaA xA 5 aB xB ,vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2
vA 5 vB 5 0.x0A 5 x0B 5 0.v0A 5 v0B .aA 5 3aB

t 2.v0x 5 0,vx

vB 5 1 tB

tA
2vA 5 1 1

2 2 1350 m/s 2 5 175 m/s.

vA

tA

5
vB

tB

aA 5 aB ,aB 5
vB

tB

 .aA 5
vA

tA

vx 5 v0x 1 ax t

xB 5 1 tB

tA
2 2

xA 5 1 1
2 2 2 1 250 km 2 5 62.5 km

xA

tA 

2 5
xB

tB 

2aA 5 aBxB 5 1
2 aB tB 

2.xA 5 1
2 aA tA 

2x 5 x0 1 v0x t 1 1
2 ax t 2

tA 5 2tB .v0x, A 5 v0x, B 5 0,x0A 5 x0B 5 0,aA 5 aB ,

xl 5 1ah

al
2xh 5 2 1250 m 2 5 500 m.ah xh 5 al xlvx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2
tl 5 1ah

al
2 th 5 2 1 50 s 2 5 100 s.ah th 5 al tlvx 5 v0x 1 ax t

v0h 5 v0l 5 0.vh 5 vl .
ah 5 2al .alah

1/22/3.A2 5 A1 1R2

R1
2 2

5 A1 1 R

21/3R 2 2

5 A1/22/3;
A1

R1 

2 5
A2

R2 

2

R2 5 R1 1V2

V1
2 1/3

5 R 1 1
2 V1

V1
2 1/3

5 R/21/3V1

R1 

3 5
V2

R2 

3

A 5 4pR2.V 5 4
3 pR3

V2 5 1L2

L1
2 3

V1 5 13L1

L1
2 3

V1 5 27V1 ;
V1

L1 

3 5
V2

L2 

3

A2 5 1L2

L1
2 2

A1 5 13L1

L1
2 2

A1 5 9A1 ;
A1

L1 

2 5
A2

L2 

2

V 5 L3.A 5 6L2.L2,

C2 5 1 r2

r1
2C1 5 12r1

r1
2C 5 2C

C1

r1
5

C2

r2

A2 5 1 r2

r1
2 2

A1 5 12r1

r1
2 2

A 5 4A
A1

r1 

2 5
A2

r2 

2

C 5 2pr,A 5 pr 2
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(b) gives and 

Reflect: x is proportional to and t is proportional to 

2.48. Set Up: Let be upward. at the maximum height.
Solve: (a) gives

(b) When the flea returns to ground, gives

(c) downward, at all points in the motion.

2.49. Set Up: Let be downward. 
Solve: (a)

The building is 30.6 m tall.
(b)
(c) The graphs of and y versus t are given in Figure 2.49. Take at the ground.

Figure 2.49

2.50. Set Up: Take to be downward and and 

Solve: (a) and 

(b)
(c) It is a poor assumption to neglect air resistance and aerodynamic lift.

2.51. Set Up: Take upward. at the maximum height. 
Solve: Consider the motion from the maximum height back to the initial level. For this motion and

The ball went 33.5 m above its original position.
(b) Consider the motion from just after it was hit to the maximum height. For this motion and 

gives 
(c) The graphs are sketched in Figure 2.51.

Figure 2.51

y

t
O

(a) (b) (c)

t
O

ay

t
O

vy

v0y

2v0y

v0y 5 2ay t 5 2 123.71 m/s2 2 14.25 s 2 5 15.8 m/s.vy 5 v0y 1 ay t
t 5 4.25 s.vy 5 0

y 5 y0 1 v0y t 1 1
2 ay t 2 5 1

2 123.71 m/s2 2 14.25 s 2 2 5 233.5 mt 5 4.25 s.
v0y 5 0

ay 5 20.379g 5 23.71 m/s2.vy 5 01y

vy 5 v0y 1 ay t 5 132 ft/s2 2 130.2 s 2 5 966 ft/s 5 659 mph

t 5 Å
2y

ay
5 Å

2 1 14,600 ft 2
32 ft/s2

5 30.2 sy 5 y0 1 v0y t 1 1
2 ay t 2

ay 5 32 ft/s2.v0y 5 0,y 5 14,600 ft,y0 5 0.1y

ay vx y 2 y0

O
t

O
t

O
t

y 5 0vyay ,
vy 5 v0y 1 ay t 5 0 1 19.80 m/s2 2 12.50 s 2 5 24.5 m/s

y 2 y0 5 v0y t 1 1
2 ay t 2 5 1

2 19.80 m/s2 2 12.50 s 2 2 5 30.6 m.

ay 5 9.80 m/s2.t 5 2.50 s,v0y 5 0,
ay 5 9.80 m/s21y

a 5 9.80 m/s2,

t 5
vy 2 v0y

ay
5

22.08 m/s 2 2.08 m/s
29.80 m/s2

5 0.424 s

vy 5 v0y 1 ay tvy 5 2v0y .

v0y 5 "22ay 1 y 2 y0 2 5 "22 129.80 m/s2 2 10.220 m 2 5 2.08 m/s.

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2vy 5 0.ay 5 29.80 m/s2,y 2 y0 5 0.220 m,
vy 5 0ay 5 29.80 m/s2.1y

vx .vx 

2

tB 5 1vB

vA
2 tA 5 2T.

vA

tA

5
vB

tB

ax 5
vx

t
 .vx 5 v0x 1 ax t
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Reflect: The answers can be checked several ways. For example, and in
gives

which agrees with the height calculated in (a).

2.52. Set Up: Take to be downward. and let 

Solve: (a) gives 

(b)

2.53. Set Up: Take upward. The initial velocity of the sandbag equals the velocity of the
balloon, so When the balloon reaches the ground, At its maximum height the
sandbag has 
Solve: (a)

The sandbag is 40.9 m above the ground.

The sandbag is 40.1 m above the ground. 
(b) gives 

and

t must be positive, so 
(c)
(d) gives

The maximum height is 41.3 m above the ground.
(e) The graphs of and y versus t are given in Figure 2.53. Take at the ground.

Figure 2.53

2.54. Set Up: Take to be downward. The acceleration is the slope of the versus t graph.
Solve: (a) Since is downward, it is positive and equal to the speed The versus t graph has slope 

ay 5
30.0 m/s

2.0 s
5 15 m/s2.

vv.vy

vy1y

ay vy

y

t
tO

t
O

O

y 5 0vy ,ay ,

y 2 y0 5
vy 

2 2 v0y 

2

2ay

5
0 2 15.00 m/s 2 2

2 129.80 m/s2 2 5 1.28 m.

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2vy 5 0.ay 5 29.80 m/s2,v0y 5 5.00 m/s,
vy 5 v0y 1 ay t 5 15.00 m/s 1 129.80 m/s2 2 13.41 s 2 5 228.4 m/s

t 5 3.41 s.

t 5
1

9.80
 1 5.00 6 "125.00 2 2 2 4 1 4.90 2 1240.0 2 2  s 5 1 0.51 6 2.90 2  s.

14.90 m/s2 2 t 2 2 15.00 m/s 2 t 2 40.0 m 5 014.90 m/s2 2 t 2.
240.0 m 5 15.00 m/s 2 t  2y 2 y0 5 v0y t 1 1

2 ay t 2ay 5 29.80 m/s2.v0y 5 5.00 m/s,y 2 y0 5 240.0 m,
vy 5 v0y 1 ay t 5 15.00 m/s 1 129.80 m/s2 2 11.00 s 2 5 24.80 m/s.

y 2 y0 5 15.00 m/s 2 11.00 s 2 1 1
2 129.80 m/s2 2 11.00 s 2 2 5 0.10 m.

t 5 1.00 s:

vy 5 v0y 1 ay t 5 15.00 m/s 1 129.80 m/s2 2 10.250 s 2 5 2.55 m/s.

y 2 y0 5 v0y t 1 1
2 ay t 2 5 1 5.00 m/s 2 10.250 s 2 1 1

2 129.80 m/s2 2 10.250 s 2 2 5 0.94 m.

t 5 0.250 s:
vy 5 0.

y 2 y0 5 240.0 m.v0y 5 15.00 m/s.
ay 5 29.80 m/s2.1y

vy 5 v0y 1 ay t 5 12.24 m/s2 2 13.17 s 2 5 7.10 m/s
ay 5

2y

t 2 5
2 111.26 m 2
1 3.17 s 2 2 5 2.24 m/s2 5 0.229gy 5 y0 1 v0y t 1 1

2 ay t 2

y0 5 0.v0y 5 01y

y 2 y0 5
vy 

2 2 v0y 

2

2ay

5
0 2 115.8 m/s 2 2

2 123.71 m/s2 2 5 33.6 m,

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
ay 5 23.7 m/s2v0y 5 15.8 m/s,vy 5 0,
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(b) and let gives 

(c) At the maximum height, Let gives

gives 

Reflect: The acceleration is downward, throughout the motion. The velocity initially is upward,
decreases to zero because of the downward acceleration and then is downward and increasing in magnitude because
of the downward acceleration.

2.55. Set Up: Take to be upward and 
Solve: (a) with at the maximum height gives so

(b) Consider the time to the maximum height on the earth. The total travel time is twice this. First solve for with

and gives 

Then gives 

The total time is Then, on the moon with and
gives 

The total time is 18.4 s. It takes 15.3 s longer on the moon.
Reflect: The maximum height is proportional to so the height on the moon is greater. Since the acceleration is
the rate of change of the speed, the wrench loses speed at a slower rate on the moon and it takes more time for its
speed to reach at the maximum height. In fact, which agrees with our calcu-
lated times. But to find the difference in the times we had to solve for the actual times, not just their ratios.

2.56. Set Up: Take downward. 

Solve: (a)

(b)

(c) gives 

2.57. Set Up: Take upward. When the rock reaches the ground,
Solve: (a) gives 

and

t must be positive, so 

(b) gives vy 5 2 "1 12.0 m/s 2 2 1 2 129.80 m/s2 2 1260.0 m 2 5 236.3 m/s.vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
t 5 4.93 s.

t 5
1

9.80
1 12.0 6 "1212.0 2 2 2 4 1 4.90 2 1260.0 2 2  s 5 1 1.22 6 3.71 2  s.

60.0 m 5 0
14.90 m/s2 2 t 2 2 112.0 m/s 2 t  2260.0 m 5 1 12.0 m/s 2 t 2 1 4.9 m/s2 2 t 2.y 2 y0 5 v0y t 1 1

2 ay t 2

y 2 y0 5 260.0 m.ay 5 29.80 m/s2.1y

vy 5 "115.0 m/s 2 2 1 2 19.80 m/s2 2 110.0 m 2 5 20.5 m/svy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
y 2 y0 5 v0y t 1 1

2 ay t 2 5 115.0 m/s 2 12.00 s 2 1 1
2 19.80 m/s2 2 12.00 s 2 2 5 49.6 m

vy 5 v0y 1 ay t 5 15.0 m/s 1 19.80 m/s2 2 12.00 s 2 5 34.6 m/s
ay 5 19.80 m/s2.1y

tM/tE 5 aE/aM 5 1/0.170 5 5.9,v 5 0

1/a,

t 5
vy 2 v0y

ay
5

0 2 15.3 m/s
21.666 m/s2

5 9.18 s.

a 5 21.666 m/s2
vy 5 0,v0y 5 15.3 m/s,vy 5 v0y 1 ay t2 11.56 s 2 5 3.12 s.

t 5
vy 2 v0y

ay
5

0 2 15.3 m/s
29.8 m/s2

5 1.56 s.

vy 5 v0y 1 ay t

v0y 5 "22 12aE 2 y 5 "22 129.8 m/s2 2 112.0 m 2 5 15.3 m/s.

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2y 5 12.0 m.vy 5 0

v0y ,

yM 5 1 aE

aM
2yE 5 1 1

0.170 2 112.0 m 2 5 70.6 m

aM yM 5 aE yE .
2ay y 5 2v0y 

2
 ,vy 5 0vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2v0E 5 v0M .
y0 5 0.1yaM 5 0.170aE .

9.80 m/s2,

t 5
vy 2 v0y

ay
5

0 2 23 m/s
215 m/s2

5 1.5 s vy 5 vy 1 ay t

 v0y 5 "22ay 1 y 2 y0 2 5 "22 1215 m/s2 2 118.0 m 2 5 23 m/s.

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2y0 5 0.vy 5 0.

vy 5 v0y 1 ay t 5 115 m/s2 2 10.68 s 2 5 10.2 m/s

t 5 Å
2y

ay
5 Å

2 1 3.5 m 2
15 m/s2

5 0.68 sy 5 y0 1 v0y t 1 1
2 ay t 2y0 5 0.v0y 5 0
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Reflect: We could have taken downward to be Then and are all positive, but is negative. The
same results are obtained with this alternative choice of coordinates.

2.58. Set Up: Take to be in the direction the sled travels. 
Assume the acceleration is constant.

Solve: (a) gives 

(b)

(c) Solve for and compare to 40g. 

The figures are inconsistent, if the acceleration while stopping is constant. The acceleration while stopping could
reach 40g if the acceleration wasn’t constant.

2.59. Set Up: Use subscripts f and s to refer to the faster and slower stones, respectively. Take to be upward and
for both stones. When a stone reaches the ground,

Solve: (a) gives Since both stones have the same and

(b) Since at the maximum height, then gives Since both have the same

and 

Reflect: The faster stone reaches a greater height so it travels a greater distance than the slower stone and takes more
time to return to the ground.

2.60. Set Up: Take to be downward and Both coconuts have the same acceleration, Let A be
the coconut that falls from the greater height and let B be the other coconut. 

Solve: (a) gives and 

(b) gives and 

2.61. Set Up: north. south. Let be north.

Solve: and 

(a) Relative to the VW, the Toyota is travel-
ing north at 107 mph. Relative to the Toyota the VW is traveling south at 107 mph.
(b) The answers are the same as in (a).

2.62. Set Up: east.
Solve:
(a) east. and are both east and is east.
(b) west. and are in opposite directions and is east.vSE/GvE/G 5 vA/G 2 vE/A 5 13 mph.vSA/GvSE/AvSE/A 5 22 mph,

vSE/GvE/G 5 vE/A 1 vA/G 5 57 mph.vSA/GvSE/AvSE/A 5 22 mph,
vSE/G 5 vSE/A 1 vSA/G

vSA/G 5 35 mph,G 5 ground.E 5 eagle,A 5 air,

vSVW/T 5 2vST/VW .

1vT/VW 2 y 5 1vT/E 2 y 2 1vVW/E 2 y 5 65 mph 2 1242 mph 2 5 107 mph.

vST/VW 5 vST/E 2 vSVW/EvST/E 5 vST/VW 1 vSVW/E

1yvSVW/E 5 42 mph,vST/E 5 65 mph,

tA 5 tB Å
yA

yB
5 "2 T

yA

tA 

2 5
yB

tB 

2  .ay 5
2y

t 2y 5 y0 1 v0y t 1 1
2 ay t 2

vB 5 vA Å
yB

yA
5 V Å 1

2 5 V/"2
vA 

2

yA
5

vB 

2

yB
 .ay 5

vy 

2

2y
vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
v0A 5 v0B 5 0.yA 5 2yB .

ay 5 g.y0 5 0.1y

yf 5 ys 1 v0f

v0s
2 2

5 9H.
v0f 

2

yf
5

v0s 

2

ys
ay ,

ay 5 2 

v0y 

2

2y
 .vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2vy 5 0

ts 5 tf 1v0s

v0f
2 5 A13B10 s 5 3.3 s

v0f

tf
5

v0s

ts
ay ,ay 5 2 

2v0y

t
 .y 5 y0 1 v0y t 1 1

2 ay t 2

y 5 0.v0f 5 3v0s .y0 5 0
1y

ax 5
vx 2 v0x

t
5

0 2 283 m/s
1.40 s

5 2202 m/s2 5 220.6g.

vx 5 0.ax

1 x 2 x0 2 5 1v0x 1 vx

2 2 t 5 1447 m/s
2 2 1 1.80 s 2 5 402 m

ax 5
vx 2 v0x

t
5

447 m/s 2 0

1.80 s
5 248 m/s2 5 25.3gvx 5 v0x 1 ax tv0x 5 0.

1020 km/h 5 283 m/s.1610 km/h 5 447 m/s.1x

v0yayvyy 2 y0 ,1y.
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2.63. Set Up: Use coordinates with downward. Relative to the earth the package has and

Solve: The velocity of the package relative to the ground just before it hits is

(a) downward. downward

and downward.

(b) so upward.
Reflect: Since the helicopter is traveling downward, the package is moving slower relative to the helicopter than its
speed relative to the ground.

2.64. Set Up: and is east for the first 200 mi and west for the return 200 mi. The time is the
distance relative to the ground divided by the speed relative to the ground.
Solve:

(a) and 

(b) San Francisco to Chicago: east. east.

Chicago to San Francisco: east. west.

The total time is 

2.65. Set Up: The relative velocities are: the plane relative to the ground; the plane relative to the air;
and the air relative to the ground. Let be east.

Solve: Use the data for no wind to calculate 

When flying east from A to B, and are both east and 

When flying west from B to A, is west and is east and 

so 

Reflect: When the wind is blowing it increases the speed of the plane relative to the ground for the trip from A to B
and decreases this speed for the return trip from B to A. Since the plane spends more time going from B to A than for
A to B, the wind decreases the average speed for the roundtrip and therefore increases the total travel time.

1804.5 km/h 2 2 2 v2
A/G 5 6.376 3 105 km2/h2 and vA/G 5 98.1 km/h

3 1804.5 km/h 2 2 2 v2
A/G 4 36.70 h 4 5 12655 km 2 11610 km/h 2 .

2655 km

804.5 km/h 2 vA/G
5 6.70 h

2655 km

804.5 km/h 1 vA/G
  1

tAB 1 tBA 5 6.70 h,

tBA 5
2655 km

vP/G
5

2655 km

804.5 km/h 2 vA/G
 .

804.5 km/h 2 vA/G .vP/G  5vA/GvP/A

tAB 5
2655 km

vP/G
5

2655 km

804.5 km/h 1 vA/G
 .

vP/G 5 804.5 km/h 1 vA/G .vA/GvP/AvP/G, x 5 vP/A, x 1 vA/G, x .

vP/A 5
5310 km

6.60 h
5 804.5 km/h.

vP/A :

1xvA/G ,
vP/A ,vP/G ,

2.67 h 1 4.44 h 5 7.11 h.

t 5
2000 mi

450 mi/h
5 4.44 hvP/E 5 vP/A 2 vA/E 5 450 mph.

vSP/A 5 600 mph,vSA/E 5 150 mph,

t 5
2000 mi

750 mi/h
5 2.67 hvP/E 5 vP/A 1 vA/E 5 750 mph.

vSP/A 5 600 mph,vSA/E 5 150 mph,

t 5
4000 mi

600 mi/h
5 6.67 hvP/E 5 600 mph.vA/E 5 0

vSP/E 5 vSP/A 1 vSA/E

vSP/A 5 600 mph

vSH/P 5 9.9 m/s,vSH/P 5 2vSP/H ,

vSP/H 5 9.9 m/s,vSP/H 5 vSP/G 2 vSH/G .vSP/G 5 vSP/H 1 vSH/G

vSH/G 5 3.50 m/s,vSP/G 5 13.4 m/s,

vy 5 "v0y 

2 1 2ay 1 y 2 y0 2 5 "1 3.50 m/s 2 2 1 2 19.80 m/s2 2 18.50 m 2 5 13.4 m/s

ay 5 9.80 m/s2.
v0y 5 13.50 m/s1y
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2.66. Set Up: At this point Voyager 1 is from the sun and the earth is from the sun, on
the same side as Voyager 1. Thus, Voyager 1 is from the earth. The speed of the radio waves is

Solve:

2.67. Set Up:

Solve:

2.68. Set Up: At the auto and truck are at the same position. The auto overtakes the truck when after time T
they have both traveled a distance d.
Solve: (a) Apply to the motion of each vehicle. The auto has and so

The truck has and so Combining these two equa-
tions gives and Then 
(b)

2.69. Set Up: Let d be the distance from home to work. 

Solve: (a) The time to get to work is The time to return home is The average speed for

the round trip is the total distance 2d divided by the total time 

(b) The travel times at each speed are not the same. More time is spent traveling at 40 mph so the average speed is
less than 

Reflect: If the two average speeds for each one-way trip are and then the average speed for the roundtrip is

If then the average speed is this speed If the speeds differ a lot, then the average

speed for the roundtrip differs greatly from For example, if and then
In this case most of the time is spent while traveling at the slower speed.

2.70. Set Up: To catch up the fast runner must run 200.0 m farther than the slow runner in time t.
Solve: (a) Apply to each runner: and 

gives and 

(b) fast:
slow:

2.71. Set Up: Let to be upward and At the maximum height 
Solve: (a) Since and is the same for both rocks, and

(b) and tM 5 1 aE

aM
2 tE 5 6 14.0 s 2 5 24.0 saM tM 5 aE tEvy 5 v0y 1 ay t.

yE 5 1aM

aE
2yM 5 H/6

aM yM 5 aE yEv0yvy 5 0vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2 .
vy 5 0.aM 5 aE/6.y0 5 0.1y

1 x 2 x0 2 s 5 1 5.50 m/s 2 1286 s 2 5 1570 m
1 x 2 x0 2 f 5 16.20 m/s 2 1286 s 2 5 1770 m.

t 5
200.0 m

6.20 m/s 2 5.50 m/s
5 286 s.

16.20 m/s 2 t 5 15.50 m/s 2 t 1 200.0 m1 x 2 x0 2 f 5 1 x 2 x0 2 s 1 200.0 m

1 x 2 x0 2 s 5 1 5.50 m/s 2 t.1 x 2 x0 2 f 5 16.20 m/s 2 tx 2 x0 5 v0x t

vav 5 18 mph.
v2 5 10 mph,v1 5 90 mph1v1 1 v2 2 /2.

v.v1 5 v2 5 v,vav 5
2v1 v2

v1 1 v2
 .

v2 ,v1

1 60 mph 1 40 mph 2 /2.

average speed 5
2d

t1 1 t2
5 2

1 60 2 140 2
60 1 40

 mph 5 48 mph

t1 1 t2 :

t2 5
d

40 mph
 .t1 5

d

60 mph
 .

average speed 5
d

t

vx 5 v0x 1 ax t 5 0 1 12.50 m/s2 2 112.0 s 2 5 30.0 m/s
112.0 s 2 5 180 m.d 5 115.0 m/s 2T 5 12.0 s.11.25 m/s2 2T 2 5 115.0 m/s 2T

d 5 115.0 m/s 2T.ax 5 0,v0x 5 15.0 m/sd 5 1
2 12.50 m/s2 2T 2.

ax 5 2.50 m/s2,v0x 5 0x 2 x0 5 v0x t 1 1
2 ax t 2

t 5 0

t 5
d

v
5

1 4.25 light years 2 19.47 3 1015 m/light year 2
1000 3 103 m/s

5 4.02 3 1010 s 5 1300 yr

1 light year 5 13.00 3 108 m/s 2 13.156 3 107 s 2 5 9.47 3 1015 m

t 5
d

v
5

2.3 3 1013 m

3.00 3 108 m/s
5 7.6 3 104 s 5 21 h

v 5 3.00 3 108 m/s.
2.3 3 1013 m

1.50 3 1011 m2.3 3 1013 m
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Reflect: On the moon, where the acceleration is less, the rock reaches a greater height and takes more time to reach
that maximum height.

2.72. Set Up: Let to be downward. and 
Solve: (a) gives

(b) gives 

2.73. Set Up: and 
Solve: (a) gives

(b) gives 

(c) The calculated a is less than 450,000g so the acceleration required doesn’t rule out this hypothesis.

2.74. Set Up: Let be downward. The meter stick has and The time the meterstick falls
is your reaction time. Let d be the distance the meterstick falls.

Solve: (a) gives and 

(b)

2.75. Set Up: Let be downward. The egg has and Find the distance the professor
walks during the time t it takes the egg to fall to the height of his head. At this height, the egg has 
Solve: gives 

The professor walks a distance Release the egg when your profes-
sor is 3.60 m from the point directly below you.
Reflect: Just before the egg lands its speed is It is traveling much faster than the
professor.

2.76. Set Up: Let be in the direction down the incline. The final velocity for the first 10.0 s is the initial speed
for the second 10.0 s of motion.
Solve: For the first 10.0 s of motion and For the second 10.0 s of motion,

and gives 
and Then for the first 5.0 s,

2.77. Set Up: Take to be upward. (a) and (b) and
(c) and 

Solve: (a) and

 vy 5 21670 m/s 5 26012 km/h
 vy 5 2 "v0y 

2 1 2ay 1 y 2 y0 2 5 2 "11381 m/s 2 2 1 2 129.8 m/s2 2 1245 3 103 m 2
vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
y 2 y0 5 45 3 103 m.vy 5 1381 m/s,v0y 5 0,y 2 y0 5 245 3 103 m.

ay 5 29.8 m/s2,v0y 5 4973 km/h 5 1381 m/s,1y

0 1 1
2 11.00 m/s2 2 15.0 s 2 2 5 12.5 m.x 2 x0 5 v0x t 1 1

2 ax t 2 5ax 5 1.0 m/s2.

1
2 ax 110.0 m/s 2 2 5 150.0ax150 m 5 1 10.0 m/s 2 2ax 1x 2 x0 5 v0x t 1 1

2 ax t 2t 5 10.0 s.x 2 x0 5 150 m
v0x 5 ax 110.0 s 2 ,vx 5 ax 110.0 s 2 .v0x 5 0

1x

19.80 m/s2 2 13.00s 2 5 29.4 m/s.

x 2 x0 5 v0x t 5 11.20 m/s 2 13.00 s 2 5 3.60 m.

t 5 Å
2 1 y 2 y0 2

ay
5 Å

2 144.2 m 2
9.80 m/s2

5 3.00 s.

y 2 y0 5 v0y t 1 1
2 ay t 2

y 2 y0 5 44.2 m.
ay 5 9.80 m/s2.v0y 5 01y

t 5 Å
0.176 m

4.90 m/s2
5 0.190 s

t 5 Å
d

4.90 m/s2
 .d 5 14.90 m/s2 2 t 2y 2 y0 5 v0y t 1 1

2 ay t 2

ay 5 9.80 m/s2.v0y 5 01y

t 5
vx 2 v0x

ax
5

5.0 3 103 m/s
3.1 3 106 m/s2

5 1.6 msvx 5 v0x 1 ax t

ax 5
vx 

2 2 v0x 

2

2 1 x 2 x0 2 5
15.0 3 103 m/s 2 2

2 14.0 m 2 5 3.1 3 106 m/s2 5 3.2 3 105g

vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2
x 2 x0 5 4.0 mvx 5 5.0 3 103 m/s,v0x 5 0,

t 5
2 1 y 2 y0 2
v0y 1 vy

5
2 10.020 m 2

2.0 m/s 1 1.3 m/s
5 12 msy 2 y0 5 1v0y 1 vy

2 2 t
ay 5

vy 

2 2 v0y 

2

2 1 y 2 y0 2 5
11.3 m/s 2 2 2 1 2.0 m/s 2 2

2 10.020 m 2 5 258 m/s2 5 25.9g

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
y 2 y0 5 0.020 m.vy 5 1.3 m/s,v0y 5 2.0 m/s,1y
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(b) gives 

(c) gives 

gives 

Reflect: The SRBs have greater speed when they return to the ground than they had when released. After release
they continue to travel upward. When they return to an altitude of 45 km on their way back down their speed is

but they gain additional speed as they continue to fall to earth.

2.78. Set Up: Take to be the direction the car moves when speeding up. Use the acceleration and stopping data
to find a in each case. Design the on-ramp for the less powerful car and the off-ramp for the
car with bald tires.
Solve: on-ramp (speeding up): and gives

Then and in gives 

This is the required length of the on-ramp.

off-ramp (slowing down): and gives 

Then and in gives 

This is the required length of the off-ramp.

2.79. Set Up: The time interval of 35 years is 

Solve:

The minus sign means that is directed opposite to the speed of growth is decreasing in time.

2.80. Set Up: Let be to the right. (a) is constant so is constant and positive. (b) increases so is
positive and increasing. (c) decreases so is positive and decreasing. (d) increases and then decreases so 
increases and then decreases.

vxDxvxDx
vxDxvxDx1x

vS;aav

aav 5 122.2 3 1026 mm/day2 2 1 1 day

8.64 3 104 s 2 2 1 1 m

103 mm 2 5 22.9 3 10219 m/s2

aav 5
Dv
Dt

5
0.095 mm/day 2 0.123 mm/day

1.278 3 104 days
5 22.2 3 1026 mm/day2

8.64 3 104 s.1 day 5(35 yr) (365.24 days/yr) 5 1.278 3 104 days.

x 2 x0 5
vx 

2 2 v0x 

2

2ax

5 370 m.

vx 

2 5 v0x 

2 1 2ax 1 x 2 x0 2ax 5 21.34 m/s2vx 5 0v0x 5 70 mph 5 31.3 m/s,

ax 5
vx 2 v0x

t
5 21.34 m/s2.

vx 5 v0x 1 ax tt 5 20.0 svx 5 0,v0x 5 60 mph 5 26.8 m/s,

x 2 x0 5
vx 

2 2 v0x 

2

2ax

5 180 m.

2ax 1 x 2 x0 2vx 

2 5 v0x 

2 1ax 5 2.68 m/s2vx 5 70 mph 5 31.3 m/sv0x 5 0,

ax 5
vx 2 v0x

t
5 2.68 m/s2.

vx 5 v0x 1 ax tt 5 10.0 svx 5 60 mph 5 26.8 m/s,v0x 5 0,

1 mph 5 0.4470 m/s.
1x

4973 km/h,

t 5 Å
2 1 y 2 y0 2

ay
5 Å

2 1 45 3 103 m 2
21 m/s2

5 65 sy 2 y0 5 v0y t 1 1
2 ay t 2

ay 5
vy 

2 2 v0y 

2

2 1 y 2 y0 2 5
1 1381 m/s 2 2

2 145 3 103 m 2 5 21 m/s2 5 2.2gvy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
t 5

vy 2 v0y

ay
5

21670 m/s 2 1381 m/s
29.8 m/s2

5 310 svy 5 v0y 1 ay t
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Solve: The graphs are sketched qualitatively in Figure 2.80.

Figure 2.80

2.81. Set Up: Take to be upward. There are two periods of constant acceleration: while the
engines fire and after they shut off. Constant acceleration equations can be applied within each
period of constant acceleration.
Solve: (a) Find the speed and height at the end of the first 20.0 s. and 

and 
Next consider the motion from this point to the maximum height. and

gives 

so The duration of this part of the motion is obtained from 

t 5
vy 2 v0y

ay
5

250 m/s
29.8 m/s2

5 5.10 s

vy 5 v0y 1 ay t:y 5 628 m.

y 2 y0 5
vy 

2 2 v0y 

2

2ay

5
0 2 150.0 m/s 2 2

2 129.8 m/s2 2 5 1128 m,

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2ay 5 29.8 m/s2.
v0y 5 50.0 m/s,vy 5 0,y0 5 500 m,

y 5 y0 1 v0y t 1 1
2 ay t 2 5 1

2 1 2.50 m/s2 2 120.0 s 2 2 5 500 m.vy 5 v0y 1 ay t 5 12.50 m/s2 2 120.0 s 2 5 50.0 m/s
y0 5 0.v0y 5 0,ay 5 12.50 m/s2,

ay 5 29.8 m/s2

ay 5 12.50 m/s21y

(a)

v0x

v0x

v0x

(b)

(c)

(d)

x

O
t

vx

O
t

x

O
t

vx

O
t

x

O
t

vx

O
t

x

O
t

vx

O
t
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(b) At the highest point, and downward.
(c) Consider the motion from the maximum height back to the ground. and

gives

The total time the rocket is in the air is 
Just before it hits the ground the rocket will have speed 

Reflect: We could calculate the time of free fall directly by considering the motion from the point of engine shutoff
to the ground: and gives which
agrees with a total time of 36.4 s.

2.82. Set Up: The velocity is the slope of the x versus t graph. The sign of the slope specifies the direction of the
velocity.
Solve: (a) The mouse is to the right of the origin when x is positive. This is for and for The
mouse is to the left of the origin when x is negative. This is for The mouse is at the origin when

6.0 s, 8.5 s.

(b) At is positive and has magnitude 

(c) The acceleration is not constant. For constant a the x-t graph would be a section of a parabola, and it is not.
(d) The speed is greatest when the magnitude of the slope is greatest, and this is between 5.0 s and 6.0 s. The speed
in this interval is 

During this part of the motion the velocity is negative and the mouse is moving to the left.
(e) The mouse is moving to the right when x is increasing. This happens for and for The
mouse is moving to the left when x is decreasing. This happens for The mouse is instantaneously
at rest when the slope of the tangent to the x versus t graph is zero, when the tangent is horizontal. This happens for

and at 
(f) In the first 3 seconds the mouse travels from 0 to 40.0 cm so travels 40.0 cm. In the first 10 seconds the mouse
travels from 0 cm to 40.0 cm, from 40.0 cm to and from to 15.0 cm. The total distance traveled
is 
(g) The mouse is speeding up when the slope of x versus t is increasing. This happens at 5.0 s and between 7.0 s and
8.5 s. The mouse is slowing down at 3.0 s, between 6.0 s and 7.0 s and between 8.5 s and 10.0 s.
(h) No, the acceleration is not constant during this entire interval and these formulas apply only for constant
acceleration.

2.83. Set Up: The sign of specifies the direction of motion. The slope of versus t is the acceleration.
Solve: (a) The initial velocity is to the right.
(b) The mouse’s greatest speed is When the mouse has this speed its velocity is positive so it is moving to
the right.
(c) The mouse is moving to the right when is positive. This is the case for and for

The mouse is moving to the left when is negative. This is the case for The
mouse is instantaneously at rest when and 
(d) The mouse’s largest magnitude of acceleration is between 5.0 s and about 6.3 s. The magnitude of the accelera-
tion is 

The acceleration is negative so is directed to the left.

40.0 cm/s
1.0 s

5 40.0 cm/s2.

t 5 9.0 s.t 5 6.0 s
6.0 s , t , 9.0 s.vx9.0 s , t , 10.0 s.

0 , t , 6.0 svx

40.0 cm/s.
20.0 cm/s,

vxvx

40.0 cm 1 50.0 cm 1 25.0 cm 5 115 cm.
210.0 cm210.0 cm

t 5 7.0 s.3.0 s , t , 5.0 s

5.0 s , t , 7.0 s.
t . 7.0 s.0 , t , 3.0 s

40.0 cm

1.0 s
5 40.0 cm/s.

Dx

Dt
5

40.0 cm

3.0 s
5 13.3 cm/s.vxt 5 0,

t 5 0,
6.0 s , t , 8.5 s.

t . 8.5 s.0 , t , 6.0 s

t 5 16.4 s,y 2 y0 5 v0y t 1 1
2 ay t 2ay 5 29.8 m/s2.y 2 y0 5 500 mv0y 5 50.0 m/s,

111 m/s.111.3 s 2 5 2111 m/s.
vy 5 v0y 1 ay t 5 129.8 m/s2 220.0 s 1 5.10 s 1 11.3 s 5 36.4 s.

t 5 Å
2 1 y 2 y0 2

ay
5 11.3 s.

y 5 y0 1 v0y t 1 1
2 ay t 2y0 5 628 m.

y 5 0,v0y 5 0,ay 5 29.8 m/s2,
ay 5 9.8 m/s2,vy 5 0
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(e) The mouse changes direction when changes sign. This happens at and 9.0 s.
(f) The mouse is speeding up when is increasing. This happens for and for

The mouse is slowing down when is decreasing. This happens at for
and for The mouse is instantaneously at rest at and 

(g) No. These formulas apply only when the acceleration is constant. For constant acceleration the graph of versus
t is a straight line and that is not the case here.
Reflect: When and have the same sign, the speed is increasing. When and have opposite signs, the speed
is decreasing. When the speed is constant.

2.84. Set Up: In time the S-waves travel a distance and in time the P-waves travel a distance

Solve: (a) and 

(b)

2.85. Set Up: and Take to be downward, toward the surface of Mars, and take
the origin to be at the surface.
Solve: (a) and 

gives

The minus sign signifies that the acceleration is upward.
(b) Then

gives 

gives 

(c) For Stage IV, and Then 
gives 

The lander is 24 m above the surface when Stage IV begins. gives 

2.86. Set Up: The acceleration is the slope of the versus t graph.
Solve: (a) for because the versus t graph is horizontal.

(b) The acceleration is approximately constant between 0 and 1.3 ms and is equal to 

At time ax 5 0.t 5 1.5 ms,

133 cm/s
1.3 ms

5 1.0 3 105 cm/s2.

vxt . 1.3 ms,ax 5 0
vx

t 5
vy 2 v0y

ay
5

13.3 m/s
3.71 m/s2

5 3.6 s

vy 5 v0y 1 ay t

y0 5 2 

vy 

2 2 v0y 

2

2ay

5
113.3 m/s 2 2 2 0

2 13.71 m/s2 2 5 224 m.

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2y 5 0.ay 5 3.71 m/s2,vy 5 48 km/h 5 13.3 m/s,v0y 5 0,

t 5
vy 2 v0y

ay
5 40.9 svy 5 v0y 1 ay t

ay 5
vy 2 v0y

2 1 y 2 y0 2 5
189.2 m/s 2 2 2 14.44 3 102 m/s 2 2

2 1211,000 m 1 91 m 2 5 28.67 m/s2.

vy 

2 5 v0y 

2 1 2ay 1 y 2 y0 2
vy 5 321 km/h 5 89.2 m/s.v0y 5 1600 km/h 5 4.44 3 102 m/s,y0 5 291 m,y 5 211,000 m,

ay 5
vy 2 v0y

t
5 220.5 m/s2 5 22.09gE 5 25.53gM

vy 5 v0y 1 ay t
t 5 4.0 min 5 240 s.vy 5 1600 km/h 5 4.44 3 102 m/sv0y 5 19,300 km/h 5 5.36 3 103 m/s,

1ygM 5 3.71 m/s2.gE 5 9.80 m/s2

tS 2 tP 5 49 stP 5
d

vP
5

375 km

6.5 km/s
5 58 s.t 5

d

v
5

375 km

3.5 km/s
5 107 s.

d 5 250 km.d 1 1

3.5 km/s
2

1

6.5 km/s 2 5 33 s
d

vS
5

d

vP
1 33 s.tS 5 tP 1 33 s.

d 5 vP tP .
tPd 5 vS tStS

ax 5 0
axvxaxvx

vx

t 5 9.0 s.t 5 6.0 s7.0 s , t , 9.0 s.5.0 s , t , 6.0 s
t 5 3.0 s,0 vx 09.0 s , t , 10.0 s.

6.0 s , t , 7.0 s0 , t , 3.0 s,0 vx 0
t 5 6.0 svx
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2.87. Set Up: Let be the time for the rock to fall to the ground and let be the time it takes the sound to travel
from the impact point back to you. Both the rock and sound travel a distance d that is equal to the
height of the cliff. Take downward for the motion of the rock. The rock has and 

Solve: (a) For the rock, gives 

For the sound, Let and 

(b) You would have calculated You would have overestimated the height of
the cliff. It actually takes the rock less time than 10.0 s to fall to the ground.
Reflect: Once we know d we can calculate that and The time for the sound of impact to travel
back to you is 12% of the total time and cannot be neglected. The rock has speed just before it strikes the
ground.

86 m/s
ts 5 1.2 s.tfall 5 8.8 s

d 5 1
2  19.80 m/s2 2 110.0 s 2 2 5 490 m.

d 5 384 m.a 5 19.60.00303a2 1 0.4518a 2 10.0 5 0.a2 5 d.ts 5
d

330 m/s
5 10.0 s.

tfall 5 Å
2d

9.80 m/s2
 .y 2 y0 5 v0y t 1 1

2 ay t 2

ay 5 9.80 m/s2.v0y 5 01y
tfall 1 ts 5 10.0 s.

tstfall
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