Chapter 4 Solutions

*4.1
X(m) y(m)
0 — 3600
~ 3000 0
- 1270 1270
~4270m -2330m

(a) Net displacement = \/x2 +y?2

=[4.87 km at 28.6° S of W|

(20.0 m/s)(180 s) + (25.0 m/s)(120 s) + (30.0 m/s)(60.0 s)

(b) ~ Average speed = (180s + 120 s + 60.0 5)

= 1233 m/s

. 487 x10°m
(c) Average velocity = —380s - |13.5 m/s along R

N
E
R
3600 m
1800 m
3000 m

4.2 (a) For the average velocity, we have

= [X(4.00) - x(2.00)7,  [y(4.00) - y(2.00)7.
~[]400s-200s []' ' []400s-200s [T

_[$:00m-300m7.  [3.00m-150mp].
“0 200s [0 200s [

v =(1.00i + 0.750j) m/s
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4.3

4.4
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(b)

(a)

(b)

(c)

(d)

(e)

(f)

(a)

For the velocity components, we have

dx
(e =a=1.00m/s
d
v :ﬁ = 2ct = (0.250 m/s)t

Therefore, v = v,i + vj = (1.00 m/s)i + (0.250 m/s?) tj

[v(2.00) = (1.00 m/s)i + (0.500 m/5s)j |

and the speed is

V| =200 = V(1.00 m/5)? + (0500 m/s)? = [1.12 m/s]

r=[18.0t i + (4.00t - 4.908)j|

v =[(18.0 m/s)i + [4.00 m/s - (9.80 m/s)t]j |

a={(-9.80 m/s?d)j

r(3.00 s) = [(54.0 m)i - (32.1 m)j |

v(3.00 s) = [(18.0 m/s)i — (25.4 m/s)j |

a(3.00 s) = | (- 9.80 m/s?)j

From x = -5.00 sinat, the x-component of velocity is

d
Vy = X = m(—S.OO(J) sinat) =-5.00w cosat

dt @t
dvy .
and a, TS =+5.00w?2sinwt

similarly, v, = Ep—D(4.OO —5.00 cosat) =0+ 5.00wsinat
Yo mtg

and a, = %B(S.OO&) sinwt) = 5.00w2coswt

Att=0,v=-5.000wcos 0 i +5.00wsin 0 j = [(-5.00wi + 0 j) m/s|

and a=5.00w?2sin 0 +5.00w2cos0j= (0 i + 5.00w?2 j) m/s
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4.6
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(b)  r=xi+yj=[(4.00 m)j+(5.00 m)(-sinat i - cosat j)|

V= |(5.00 m)w| —cosawt i + sinwtj]|

a=[(5.00 m)w?[sinat i + cosat j]|

(c)  The object movesin |a circle of radius 5.00 m centered at (0, 4.00 m)| .

(a) v=v;+at

_(V=Vv) _ [(9.00i + 7.00j) — (3.00i — 2.00j)]
Tt T 3.00

= [(2.00i + 3.00j) m/s?|

1 1
(b) r=ri+vits at? = (3.00i - 2.00))t + 3 (2.00i + 3.00)) %

[x=(3.00t+t) m| and [y =(1.50t2-2.00t) m|

(@) v=gt :%8(3-0‘“ ~6.00%) =

_4v 0 i = j m/s?
=5t - B 200 < g

(b)  |r=(3.00i - 6.00j) m; v =-12.0j m/s|

= (4.00i + 1.00j) m/s and v(20.0) = (20.0i — 5.00j) m/s.

Avy,  20.0-4.00
— - 2 — 2
(a) ay= AL - 200 m/s?>=10.800 m/s

Avy,  -500-1.00
ay =77 200 m/s 0.300 m/s
0.300 o -
(b) 6H=tan? £10.800 D -20.6°= |339 from +x aX|s|

(c) At t=250s,

1 1
X=X+ Vgt +3 at?=10.0 +4.00(25.0) + 5 (0.800)(25.0) 2 =
1 1
Y=Yi+vyt+5 at?=-400+1.00(25.0)+ 5(-0.300)(25.0) 2 =

-EY_D_ (165017 _ .
f=tan™! 3.0 tanlD240D
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4 Chapter 4 Solutions

*4.8  a=3.00j m/s% v;=5.00i m/s; r; = 0i + 0j

1 o1 .
(a) r=ri+vit+s at?2 = S&.OOU +§3-00t218m

v =v; + at = [ (5.00i + 3.00tj) m/s|

(b) t=2.00s,r = (5.00)(2.00)i + %(3.00)(2.00) 2j = (10.0i + 6.00j) m

v = 5.00i + (3.00)(2.00)j = (5.00i + 6.00j) m/s

v=|v| =\VZ+v2 =4/(5.00 + (6007 = [7.81m/s]

4.9 (a) The mug leaves the counter horizontally with a velocity v,; (say). If time t elapses
before it hits the ground, then since there is no horizontal acceleration, x = v,;t. i.e.,
X 1.40m L . . .
=0 :¥ . In the same time it falls a distance 0.860 m with acceleration
Xi xi

downward of 9.80 m/s2. Then using

1 o e
y=yitvit+s agt

we have

1 [1.40 m(f
0=0.860 m —=(9.80 m/s?
2( ) Ovxi O

. 4.90 m/s?)(1.96 m?
i.e., V= \/( 0.863(”] ) =13.34m/s

(b) The vertical velocity component with which it hits the floor is

1.4
Vy = Vy; + at = =(9.80 m/s?) %ﬁ =-411m/s

Hence, the angle 6 at which the mug strikes the floor is given by

Y 4.11
6= tant 2XH = tant E2=—0 _T50 g
vyl (334 [
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Chapter 4 Solutions

5

Goal Solution
G: Based on our everyday experiences and the description of the problem, a reasonable speed of

the mug would be a few m/s and it will hit the floor at some angle between 0 and 90°, probably
about 45°.

. We are looking for two different velocities, but we are only given two distances. Our
approach will be to separate the vertical and horizontal motions. By using the height that
the mug falls, we can find the time of the fall. Once we know the time, we can find the
horizontal and vertical components of the velocity. For convenience, we will set the origin to
be the point where the mug leaves the counter.

: Vertical motion: y =-0.860 m, vy; = 0, v, = unknown, a, = -9.80 m/s?
Horizontal motion: x = 1.40 m, v, = constant (unknown), a, =0

. . . 1
(a) To find the time of fall, we use the free fall equation: y = vyt + 5 ayt?

. 1
Solving: -0.860 m =0 + 5(—9.80 m/s?) t2so thatt=0.419 s

X _140m
t 0419s

Then v, = =3.34m/s

(b) As the mug hits the floor, v, = v,; + a,t = 0 - (9.8 m/s?)(0.419 s) = -4.11 m/s

. . 11 m/s] .
The impact angle is 8 = tan! Yy =tan! (411 m/s = 50.9° below the horizontal
pact ang .0 [B34m/ ]

This was a multi-step problem that required several physics equations to solve; our answers
do agree with our initial expectations. Since the problem did not ask for the time, we could
have eliminated this variable by substitution, but then we would have had to substitute the
algebraic expression t = 2y/g into two other equations. So in this case it was easier to find a
numerical value for the time as an intermediate step. Sometimes the most efficient method is
not realized until each alternative solution is attempted.
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The mug is a projectile from just after leaving the counter until just before it reaches the floor.
Taking the origin at the point where the mug leaves the bar, the coordinates of the mug at any
time are

1 1 1
X = Vit + 5 aXtZ:vxit+0andy:vyit+§ aytZ:O—E gt?

1
When the mug reaches the floor, y = -h, so -h = - 5 gt2 which gives the time of impact as

2h

t=\[—

9

(a) Since x =d when the mug reaches the floor, x = v,;t becomes

2h
1=\
g

giving the initial velocity as |v,; = d onl

(b) Just before impact, the x-component of velocity is still vy = v,; while the y-component is

,Zh
Vgt =Vyi+at=0-g g_ . Then the direction of motion just before impact is below the

V,
horizontal at an angle of 6 =tan! MD, or
Dvxf |:|

_ _DJ& ﬂ/iﬂ_ .1 (3h
G—tanlﬁ g/d ZhD_tanlmd[

(a) The time of flight of the first snowball is the nonzero root of

1 2
Y=YitWiti t5 aty

. 1
0=0+ (250 m/s) sin 70.0°t -5 (9.80 m/s?) t

_ 2(25.0 m/s) sin 70.0°
1 9.80 m/s?

=4.79s

The distance to your target is

X = Xj = Vyity = (25.0 m/s) cos 70.0° (4.79s) =41.0 m
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Chapter 4 Solutions 7

Now the second snowball we describe by
Y =VYit ity +% aytg
0= (25.0 m/s) sin 6,t, — (4.90 m/s2)t
t, =(5.10s)sin 6,
X = Xj = Vyitp
41.0 m = (25.0 m/s) cos 6 (5.10 s) sin & = (128 m) sin &, cos 6,
0.321=sin 6,cos 6,

Using sin 26= 2 sin 8cos Bwe can solve

1 . _ . — >
0.321= 5 sin 26, 26, = Arcsin 0.643 6, =20.0

(b) The second snowball is in the air for time t, = (5.10 s) sin 6, = (5.10 s) sin 20.0° = 1.75 s, so you
throw it after the first by

ti-t,=4795-1755=[3.055].

*412 'y =v;(sin 3.00°t-7 gt v, = v; sin 3.00° - gt
When y =0.330 m, vy, = 0 and v; sin 3.00° = gt

v;sin3.00° 1 [y; sin 3.00°[ T

y = v, (sin 3'OO)T -390 g 0
2 .
Vi sin2 3.00°
=——F— =0.330m
29

The 12.6 m is unnecessary information.
*4.13 X =Vt =v;cos 6t

X = (300 m/s)(cos 55.0°)(42.0 s)
X=[7.23x103m

1 . 1
y=wit-3 gt2=v; sin G't_E gt2
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H o 1 —
y = (300 m/s)(sin 55.0°)(42.0 s) —5(9.80 m/s?)(42.0s)2=11.68 x 103 m

© 2000 by Harcourt College Publishers. All rights reserved.



Chapter 4 Solutions

*4.14  From Equation 4.14,

R=15.0m, v;=3.00m/s, G =45.0°

Vi 900 _ >
O 9=R =50 - 0.600 m/s

v? sin? 6, viz (sin 26)
h= R= :3h=R,
29 g

4.15

3visin? 6, Vi (sin 26)
29 9

SO

2 sing tan @
3 sin28 ~ 2

a1 RO .
thus 6 = tan! 30"
416 (a) X =vyt=(8.00 cos 20.0°)(3.00) =

(b) Taking y positive downwards,

or

1 2
y = vyit+§ gt

1
o = 2 =
8.00(cos 20.0°)3.00 + > (9.80)(3.00) 52.3m

1
(c) 10.0=800c0s20.0°t+3 (9.80) t*

4.90t> + 2.74t-10.0=0

_-2.74 +4/(2.74)2 + 196 _

9.80

© 2000 by Harcourt College Publishers. All rights reserved.
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*4.18

Chapter 4 Solutions

X = int
2000 m = (1000 m/s) cos 6t

2.00s

t:cosél,

1 2
y = vyt + > ayt

1
800 m = (1000 m/s) sin 6t —=(9.80 m/s?) t2

B . [200s] 1 [2.00 sif
800 m = (1000 m/s) sin 6 o= ~7:(9.80 m/s?) (%0 6]

800 m cos? 8 = (2000 m) sin 6, cos & -19.6 m
19.6 m +800 m cos? 6= 2000 m 41— cos? 6 cos 6
384 m2 + 31 360 m2 cos? & + 640 000 m?2 cos* 6

=4 000 000 m?2 cos? & — 4 000 000 m2 cos* &

4640 000 cos* 6 — 3968 640 cos? 6 + 384 =0

3968 640 +4/(3 968 640)2 — 4(4 640 000)(384)

2
0s* 6, 9280

cos 6=0.925 or 0.00984

6=122.4° or 89.4° Both solutions are valid.

The equation y = (tan 6)x — ng—D x2 describes the trajectory of the projectile. Wheny is
[2v] cos? 6]

a maximum (at x = x;,), the slope is zero %e., g—zz Oatx = xhg. This gives

@y =tan 6 - ng—D 2x,, = 0, so the x-coordinate at which the maximum height
[Ox0,_y, 2v] cos? 8]

. v? sin 6, cos 6, . . oL .
occurs is Xy, = T . The maximum-height point is halfway through the entire

v‘? 2sin 6, cos 6 vzi sin 26,
g R

symmetrical trajectory. Thus, the horizontal range is R = 2x,, =

© 2000 by Harcourt College Publishers. All rights reserved.



4.19
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(a) We use Equation 4.12:

X2
y =X tan Bi—zg—
2V cos? 6,

With x = 36.0 m, v; = 20.0 m/s, and 6= 53.0°, we find

_ A (9.80 m/s?)(36.0 m)?
y= (360 m)(tan 53.0 ) - (2)(200 m/S)Z cos? 53.0°

The ball clears the bar by (3.94 — 3.05) m =|0.889 m| .

(b) The time the ball takes to reach the maximum height is

=394m

_visin 6 (20.0 m/s)(sin 53.0°)
T g B 9.80 m/s?

1 =163s

. . . X
The time to travel 36.0 m horizontally is t, = v
iX

_ 36.0m
"~ (20.0 m/s)(cos 53.0°)

t, =299s

Sincet, >t |the ball clears the goal on its way down| .

(40.0 m/s)(cos 30.0°)t =50.0 m. (Eq. 4.10)

The stream of water takes t = 1.44 s to reach the building, which it strikes at a height

1 2
= Vyit - E gt

<
|

. 1
(40.0 sin 30.0°)t - (9.80) ¥ = (40.0) 58(1.44) — (4.90)(1.44)2 =

From Equation 4.10, x = v,;t = (v; cos 8)t. Therefore, the time required to reach the building a

. At this time, the altitude of the water is

distance d away ist = d
yist= V; cos 6,

d g d 7
i COS B[] 2 [V; cos B[]

1
y=Vyit+z ayt? = (vj sin 6) gy

gd?

—— above ground
2V cos? 6,

Therefore the water strikes the building at a height of |y = d tan 6; -

level.
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12 Chapter 4 Solutions

4,22 The horizontal kick gives zero vertical velocity to the ball. Then its time of flight follows
from

1 .
y=Yitvyit+s apt

1
~400m=0+0+5(-9.80 M/s?)

t=286s

The extra time 3.00 s — 2.86 s = 0.143 s is the time required for the sound she hears to travel
straight back to the player. It covers distance

(343 M/5)0.143 s = 49.0 m = X2 + (40.0 m)2

where x represents the horizontal distance the ball travels.

X = 28.3 M = vt + 0t?
Ov=223M 591 ms
=5 8es - 222M/S

*4.23 From the instant he leaves the floor until just before he lands, the basketball star is a
projectile. His vertical velocity and vertical displacement are related by the equation
v?,f = v§i + 2a,(ys - ¥i). Applying this to the upward part of his flight gives
0= v§i +2(-9.80 m/s?)(1.85 - 1.02) m. From this, v,; = 4.03 m/s. [Note that this is the answer to
part (c) of this problem.]

For the downward part of the flight, the equation becomes
v)z,f =0 + 2(-9.80 m/s2)(0.900 — 1.85) m, giving v; = —4.32 m/s

as the vertical velocity just before he lands.

(a) His hang time may then be found from vy; = vy; + a,t as follows:

—-4.32 m/s =4.03m/s + (-9.80 m/s)t

o [ZaEy

(b) Looking at the total horizontal displacement during the leap, x = v,;t becomes

2.80 m = v,;(0.852 s), which yields |v,; = 3.29 m/s| .
(c) Vyi =4.03 m/s| See above for proof.

© 2000 by Harcourt College Publishers. All rights reserved.



Chapter 4 Solutions
(d) The takeoff angle is: 6= tan! %%B =tan! ggg_:;zgz .
(e) Similarly for the deer, the upward part of the flight gives
Vit =Ve + 23, (Yi—Yi): 0=V +2(-9.80 m/s?)(2.50 — 1.20) m
sO vy =504m/s
For the downward part, v§f = v§i + 2a,(y; - y;) yields
Vi =0+ 2(-9.80 m/s2)(0.700 - 2.50) m
and vy =-5.94m/s

The hang time is then found as

Vyr = Vy; + agt: =5.94 m/s =5.04 m/s + (-9.80 m/s?)t

_Ax 271(3.84 x 108 m) _ 3
424 (a) VERT TU273d)(24 h7d)(3600 s/hy] - Ln92 X 10°m/s

(b) Since v is constant and only direction changes,

_v2 (102 x 103)2
T r  (3.84x108)

_vZ  (20.0m/s)? >
425 @&, =7 —m =377 m/s

The mass is unnecessary information.

=[2.72 x 102 m/s?

v _ (3600 s[7]_
426 a=¢ T=(24h) 37— =86400s

2R _21(6.37 x 10° m)

T =~ 86400s =463m/s

_ (463 m/s)?>
4=637x100m

_ . _2m __2m0.500m) _
427 1=0500 MV === = 500 ot reyy = 1047 m/s

_ V2 (10477 _ o
=T 705 —|219 m/s (|nward)|

0.0337 m/s?|  (directed toward the center of the Earth)

© 2000 by Harcourt College Publishers. All rights reserved.
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*4.28

4.29.

*4.30.

Chapter 4 Solutions

. L v?2 . .
The centripetal acceleration is a, =+ 80 the required speed is

V= '\/ar =4/1.40(9.80 m/s?)(10.0 m) =11.7 m/s

The period (time for one rotation) is given by T = 2rr/v and the rotation rate is the frequency:
1 % 11.7m/s
- Y e —_—— -1
P=T =27 “2mioom) - 10186
() v=rw

At 8.00 rev/s, v =(0.600 m)(8.00 rev/s)(2rrrad/rev) = 30.2 m/s =9.60rrm/s

At 6.00 rev/s, v =(0.900 m)(6.00 rev/s)(2rrrad/rev) = 33.9 m/s = 10.8rtm/s

6.00 rev/s| gives the larger linear speed.

vZ  (9.60rm/s)?

i = — = — 3 2
(b) Acceleration = 5600 m [1.52 x 103 m/s? |

. 10.81tm/s)?
(c) At6.00 rev/s, acceleration = ﬁ = |l.28 x 103 m/52|

The satellite is in free fall. Its acceleration is due to the acceleration of gravity and is by effect
a centripetal acceleration:

v=1/rg =4/(6400 + 600)(10° m)(8.21 m/s?) = [7.58 x 10° m/s]

_2nr _2mr 2m(7000 x 103 m) 3
V=" and T= v 758 x10°m7s) 5.80x10°s

min .
T=(5.80 x 103 5) ED}WB = 96.7 min

© 2000 by Harcourt College Publishers. All rights reserved.
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We assume the train is still slowing down at the instant in question.

V2
a, =— =1.29m/s?
r

i 3
:ﬂ _ (- 40.0 km/h)(10® m/km)(1 h/3600 s) 0741 M/
At 15.0s

ay

a=\a’ +a; =v(1.29m/s?2 + (- 0.741 m/s2)2

={1.48 m/s? inward and 29.9° backward |

G

Goal Solution

If the train is taking this turn at a safe speed, then its acceleration should be significantly
less than g, perhaps a few m/s? (otherwise it might jump the tracks!), and it should be
directed toward the center of the curve and backward since the train is slowing.

Since the train is changing both its speed and direction, the acceleration vector will be the
vector sum of the tangential and radial acceleration components. The tangential acceleration
can be found from the changing speed and elapsed time, while the radial acceleration can be
found from the radius of curvature and the train’s speed.

First, let’s convert the speeds to units from km/h to m/s:

. _ A0mmlh o
v; = 90.0 km/h = (90.0 km/h) CTKm [136005(] 250m/s

3
Vi = 50.0 km/h = (50.0 km/h) Sﬂ(—;ﬁggéo—gsgz 13.9m/s

. A 13.9m/s-25.0 m/s
Tangential accel.: a; :A—¥ = 1505 =-0.741 m/s? (backward)

. . 2 (13.9m/s)? .
Radial acceleration: a, =VT =% =1.29 m/s? (inward)

a= \/ai +a> =[(-0.741 m/s2)2 + (1.29 m/s2)? = 1.48 m/s?

g B0 (9741 m/s?[] _ . A
f=tan 3.0 tan (129 m/%2 [ 29.9° (backwards from a radial line)

a
—>

The acceleration is clearly less than g, and it appears that most of the acceleration comes
from the radial component, so it makes sense that the acceleration vector should point mostly
toward the center of the curve and slightly backwards due to the negative tangential
acceleration.

© 2000 by Harcourt College Publishers. All rights reserved.



16 Chapter 4 Solutions

*4.32 (a) a;=0.600m/s?
2 4.00 m/s)?
(b) a=— :% = [0.800 m/s?
(c) a= ‘\/azt + af =11.00 m/s?

a
6= tan—la—r = |53.1° inward from path
t

433 r=250m,a=15.0m/s?
(a) a,=acos30.0°=(15.0 m/s?) cos 30.0° = |13.0 m/s?

(b) a=—

so  vZ=ra,=(2.50 m)(13.0 m/s?) = 32.5 m2/s?

V= ‘\/32.5 m/s= |5.70 m/sl

2 2
(c) a?=a; +a L

a=\a? - a: =\/(15.0m/s22— (13 0 m/s?? = 7.50 m/s?|

vZ (430 m/s)?
434 (a) awp =T ="g500m

= |30.8 m/s? down |

_v2 (6,50 m/s)?

()  Bvorom =~ =g egom— = [70.4 m/s? upward|
435 (a)
L 36.9°
' 20.2 m/s?
—
22.5 m/s?

(b) The components of the 20.2 and the 22.5 m/s? along the rope together constitute the radial
acceleration:

a, = (22.5 m/s?) cos (90.0° - 36.9°) + (20.2 m/s?) cos 36.9°
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18 Chapter 4 Solutions

(c) ar = T

V= -\/a, = ‘\/29.7 m/s? (1.50 m) =6.67 m/s tangent to circle

V= |6.67 m/s at 36.9° above the horizontal|

436 (a) vy=0+ayt=(3.00i - 2.00j) m/s? (5.00s)
vy = (15.0i — 10.0j) m/s
v; =0 + ajt = (1.00i + 3.00j) m/s2 (5.00 s)
v; = (5.00i + 15.0j) m/s
Vi3 = Vi — V; = (15.0i — 10.0j — 5.00i — 15.0)) m/s

Vi = (10.0i - 25.0§) m/s

Wy (= 4(10.0)2 + (25.0)2 m/s = |26.9 m/s|

(b) ry=0+0 +% apt? = %(3.00i -2.00j) m/s?(5.00 s)?
ruy = (37.51 - 25.0)) m
N :%(1.00i +3.00j) m/s? (5.00s)2 = (12.5i - 37.5j)) m

Moy = Iy — 1 = (37.5i — 25.0j — 12.5i — 37.5j) m

My = (25.0i — 62.5)) m

[, EV(25.0)2 + (62.5)2 m = |67.3 m|

(c) ay;=ay—-a;=(3.00i - 2.00j — 1.00i — 3.00j) m/s?

any = [(2.00i - 5.00j) m/s?|

© 2000 by Harcourt College Publishers. All rights reserved.
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d 2000
. . . _ _ _ 3
Total time in still water t = v "120 1.67 x10%s

Total time = time upstream plus time downstream

1000
I e—— 3
b= T 20-0500) 43 *10°s
1000
=583

town = 720 + 0.500)

tiotar = 1.43 x 103 + 588 = [2.02 x 103 s

19

Goal Solution

G: If we think about the time for the trip as a function of the stream’s speed, we realize that if
the stream is flowing at the same rate or faster than the student can swim, he will never
reach the 1.00 km mark even after an infinite amount of time. Since the student can swim 1.20
km in 1000 s, we should expect that the trip will definitely take longer than in still water,
maybe about 2000 s (~30 minutes).

O: The total time in the river is the longer time upstream (against the current) plus the shorter
time downstream (with the current). For each part, we will use the basic equation t =d/v,
where v is the speed of the student relative to the shore.

d 1000 m
A tup = Vetudent — Vstream  1.20 m/s —0.500 m/s 1429
d 1000 m
b = e Ve 120 m7s + 0500 m7s 228 S
Total time in river, tyyer = typ + tgn = 2.02 x 103 s
. d 2000 m
In still water, tg;, =V "120m/s - 1.67 x 103 s therefore, tg = 1.21tg,

L: As we predicted, it does take the student longer to swim up and back in the moving stream
than in still water (21% longer in this case), and the amount of time agrees with our
estimation.

4.38 The bumpers are initially 100 m = 0.100 km apart. After time t the bumper of the leading car

travels 40.0t, while the bumper of the chasing car travels 60.0t.

Since the cars are bumper-to-bumper at time t, we have

0.100 + 40.0t = 60.0t, yielding t=5.00 x 103 h =
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4.40

4.41

Chapter 4 Solutions

v = (1502 + 30.0)1/2 = [153 km/h

0.0
f=tan™! Sﬁgz north of west

For Alan, his speed downstream is ¢ + v, while his speed upstream is ¢ — v. Therefore, the total
time for Alan is

L, L [ e
T c+v  c-Vv |1-v¥/c?

For Beth, her cross-stream speed (both ways) is \/02 -2

Thus, the total time for Beth is

2L 2L/c
t2 = =

Vez—v2  [y1-v2/c?

. v2 . .
Since 1- o <1, t;>t, orBeth, who swims cross-stream, returns first.

a = Heading with respect to the shore
B = Angle of boat with respect to the shore

(a) The boat should always steer for the child at

heading y
0.600
— fan-1 - o 2.50 km/h
a = tan 0.800 S

(b) vy=20.0cos a-2.50=13.5km/h ! Rescue

\ boat
v,=20.0'sin a = 12.0 km/h 0.£00 km

! B

2.0 km/h . [ ¢

- -1 G'_D - o | [
prtan 3.5 km/h[J 0.800 km "

d

0.600 km
(c) t=-2L=———— =500x102h=[3.00 min
v, = 20km/h
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442 (a) To an observer at rest in the train car, the bolt accelerates downward and toward the rear

of the train.
a= /(250 m/s)? + (9.80 m/s)? = [10.1 m/s?]
2.50 m/s?
tan 6= 980m/ - 0.255

0= |14.3° to the south from the vertical|

(by a= |9.80 m/s? vertically downwardl

4.43 ldentify the student as the S* observer and the y
professor as the S observer. For the initial motion in
S', we have
‘ S
v

- = tan 60.0° =43
\'
X

Then, because there is no x-motion in S, we can write

Vy = v; + u =0 so that v; =-u=-10.0 m/s. Hence the
ball is thrown backwards in S*. Then,

V., = V. :VE
y y

= 10.0‘\/5 m/s

Vx

Using v§ = 2gh (from Eq. 4.13), we find

H (10.0/3m/s)?

2(9.80 m/s?)

The motion of the ball as seen by the student in S* is shown in diagram (b). The view of the
professor in S is shown in diagram (c).

y
S' S

0\

¢
Ve

L2
P> - = - —>Q

o
o
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2 .
Vj sin? 6,

Equation 4.13: h= 29

v? sin 26, ZV? sin 6, cos 6,
- g

Equation 4.14: R =

If h =R/6, Equation 4.13 yields [v; sin 6 = \/gR/S] 1)

Substituting the result given in Equation (1) above into Equation 4.14 gives

R 2(‘\/gR/3)vi cos 6
B g

1
which reduces to [v; cos 6 :EVBQR] 2

(a) From vy =vy; +at, the time to reach the peak of the path (where v; = 0) is found to be

v sin 6, . . L. R .
tpeak :g— . Using Equation (1), this gives tyea = @ The total time of the ball’s
flight is then

R
tﬂight = theak =12 @

(b) At the peak of the path, the ball moves horizontally with speed

Vpeak = Vxi = Vi COS 6

1
Using Equation (1), this becomes Vpeq = EVSQR

(c)  The initial vertical component of velocity is vy; = v; sin § and, from Equation (1), this is

Vyi = ‘\/gR/S

(d) Squaring Equations (1) and (2) and adding the results gives

R 3R 1SR

2, .
vi(sm29,+c0529,):3 T

Thus, the initial speed is v; = —_
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(e) Dividing Equation (1) by (2) yields

v; sin 6, :[[‘\/gR/B) 0_2
V; cOs 6, %‘\/SQ_R% 3

tan 6, =

 — tan-t B0_ 3370
Therefore, 6, = tan 30 .

(f) For a given initial speed, the projection angle yielding maximum peak height is 6, = 90.0°.
With the speed found in (d), Equation 4.13 then yields

ho = (13 gR/12) sin?90.0° |13R

max — 29 |24

(9) For agiven initial speed, the projection angle yielding maximum range is 6, = 45.0°. With
the speed found in (d), Equation 4.14 then gives

(13gR/12) sin 90.0° _[13R
Rmax = g = 12

4.45 At any time t, the two drops have identical y-coordinates. The distance between the two drops
is then just twice the magnitude of the horizontal displacement either drop has undergone.
Therefore,

d=2x(@®)] = 2(v,it) = 2(v; cos 8)t =

4.46  After the string breaks the ball is a projectile, for time t in

1 2
y=wit+5 ast

1
-1.20m=0+ 5(_9'80 m/s?) t2

t=0.495s
Its constant horizontal speed is

_2.00m
T0.495's

X
Vx =T =4.04m/s

so before the string breaks

_v2  (4.04m/s)? >
a. = ST o030m - 54.4 m/s
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g Path of the projectile
2 —

447 (a) y=tan(6)x- -

2v? cos? (6) . - RN

Setting x = d cos(¢), and y = dsin(¢), we have

. g
dsin(¢) = tan (6;)d cos(¢) - ————(d cos())?
(o (8i) () 27 cos? (8) ( (9)
Solving for d yields,

_ ZV? cos (6) [sin (6) cos (¢ —sin (@) cos (6)]
0= g cos? (9)

2v? cos (8) sin (6,— @)
g cos? (¢)

or d=

dd
(b) Setting 6 =0leadsto Gi:45°+g-) and
1

_ v? (1 -sin @
max = g cos? @

. . L . X
4.48 (a)(b) Since the shot leaves the gun horizontally, the time it takes to reach the targetist = v

The vertical distance traveled in this time is

2 2[vid
where |A = —Lz
2V

-0.210
9.00

_ ,i_ , -9.80 _
Vi = A ~ N\ 766 x 102 m/s=|(14.5m/s

(c) Ifx=300m,y=-0.210m,then A= =-2.33 x 1072
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4.49 Refer to the sketch:

(@) & (b) Ax=v,t; substitution yields 130 = (v;cos 35.0°)t

1 L .
Ay = vt + 5 at? substitution yields

1

20.0 = (v;sin 35.0°)t + = (-9.80) t2 PP

2 >

Solving the above gives t = Vi ot
/g°
v; = |41.7m/s Zo--L-

25

130 m

() vy=vising-gt

Vy, = V; COS 6,

Att=381s, v, = 41.7 sin 35.0° - (9.80)(3.81) = [-13.4 m/s
Vy = (41.7 cos 35.0°) =

o=\, = [EEr

450 (a) The moon's gravitational acceleration is the bullet's centripetal acceleration:

(For the moon's radius, see endpapers of text.)

En 2_—\/2
@DQ'SO m/s?= 174106 m

v=4284x10°m2/s? =169 km/s|

_2nr 2m(1.74x105m) s
T= v T 169x10°m7s =647x10°s =|1.80 h
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2 (5.00 m/s)
451 (a) a = VT :% =[25.0 m/s?
ar =g=19.80 m/s?

(b) L
4 < - N s N
/ N
/ AN
/ \
/ \
li \
) \
25.07 . <725.0
980 N\ v 2/ 980
oA a1
T\ ________ /7
\ 4
\\ ’/

S_—_——-

(c) a= ‘\/af + a2 =4/(25.0 m/s2)? + (9.80 m/s)? = [26.8 m/s?|

e O 9.80m/s? -
o=t A 0T Bomse

452 x=vut=vitcos40.0° Thus, whenx=10.0m,

_100m
~ v;j cos 40.0°

At this time, y should be 3.05m -2.00 m =1.05 m.

_ (vsin40.0°)10.0m 1 »[1 100m 7
Thus, 1.05 m = v; cos 40.0° +2 (-9.80 m/s%) [¥; cos 40.0°]

From this, v; =

*4.53 Att=2.00s,v,=4.00m/s

vy =-8.00m/s

o=\, =[5

v
0= tan—lv—y = |— 63.4°, below horizontal
X
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The special conditions allowing use of Equation 4.14 apply.

N

vil
For the ball thrown at 45.0°, D = Rys :é—
ird .
. Vv sin 20 %S'” 26 _ _ _
For the bouncing ball, D =R; + R, = g + 0 where @ is the angle it makes with

the ground when thrown and when bouncing.

(a) We require:

vzI viz sin 26 +vi2 sin 26
g 9 49

. 4 -

sin 29—5 6=26.6

(b) The time for any symmetric parabolic flight is given by
1
y= Vyit -7 gtz
. 1
0=v;sin 8t-5 gt?

. . : 2visin 6 : .
If t = 0 is the time the ball is thrown, then t = T is the time at landing.

So, for the ball thrown at 45.0°

2v; sin 45.0°
et

For the bouncing ball,

ir .
2v;5in 26.6° 2 %S'” 2667 3y, sin 26.6°

t=t, +t, =
1 g g g

The ratio of this time to that for no bounce is

3v;sin 26.6°/g 134

- = =(0.949
2v;sin45.0°/g 141
,’// \\\\
Ve So
// - \\
- S A
o \\ N
45.0° SN r’——~\:\
% . Rl ™~
‘r > |
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From Equation 4.13, the maximum height a ball can reach is

B v? sin® 6,
=7

2
V.
For a throw straight up, 6,=90° and h :z .

vf sin 26

From Equation 4.14 the range a ball can be thrown is R = 9

2
V.
For maximum range, 6=45° and R :EI .

R 40.0m
Therefore for the same v;, h = 7 = =120.0m

Using the range equation (Equation 4.14)

R:v? sir;(29i)

2
V.
the maximum range occurs when 6, = 45°, and has a value R :g—' :

Given R, this yields v; = ‘\/gR

If the boy uses the same speed to throw the ball vertically upward, then

2
vy:‘\/gR —gt and y=%YgR t—%

at any time, t.

At the maximum height, v, = 0, giving t =

=R s RC__ R_[R
Ymax = gR\/; _2%\/;D_R_2 _!

, and so the maximum height reached is

=
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4,57
vertical height of the stone when released from A or B is

yi =(1.50 + 1.20 sin 30.0°) m=2.10 m
(a)

The equations of motion after release at A are
Vy = V; sin 60.0° - gt = (1.30 - 9.80t) m/s
Vy = V; €0s 60.0° = 0.750 m/s
y =(2.10 + 1.30t - 4.90t) m

Axp = (0.750t) m

-1.30 J_r‘\/ 1.30)2 + 41.2
Wheny=0,t= _(9 80) =0.800s

Then, Ax, = (0.750)(0.800) m = [0.600 m

The equations of motion after release at point B are

(b)

Vy = Vj(=sin 60.0°) — gt = (-1.30 — 9.80t) m/s
Vy = V; €0s 60.0° = 0.750 m/s

y; = (2.10 - 1.30t — 4.90t2) m

+1.30 i‘\/ -1.30)2 + 41.2
Wheny=0,t= Eg 20 ) =0.536s

Then, Axg = (0.750)(0.536) m =

_v2  (1.50m/s)? >
() a= T 120m —|1.87 m/s? toward the center|

(d)

After release, a = -gj = [9.80 m/s? downward||

© 2000 by Harcourt College Publishers. All rights reserved.
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d
)
I
|
\

Choose upward as the positive y-direction and leftward as the positive x-direction. The

t_—_——-
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458 The football travels a horizontal distance

- -

. v; sin (26) _(20.0)?sin (60.0°)

= 30° N
9 9.80 353m /.-j ________ S

Time of flight of ball is R

(= 2visin 6, 2(20.0) sin 30.0°
T g 9.80

=204s

The receiver is Ax away from where the ball lands and Ax = 35.3 - 20.0 = 15.3 m.
To cover this distance in 2.04 s, he travels with a velocity

V= % =17.50 m/s in the direction the ball was thrown

1 . . L
459 (a) Ay=- > gt?; Ax = v;t. Combine the equations eliminating t:

20y 2

Ay=—% gmgz from this (Ax)2 = O g Dvi

X
Vi

_ ’—2 Ay ’—2(—300) _ 3
thus Ax = v; —g =275 980 - 6.80 x 10°m = [6.80 km

(b) The plane has the same velocity as the bomb in the x direction.

Therefore, the plane will be | 3000 m directly above the bomb| when it hits the ground.

. . Ax
(c) When 6is measured from the vertical, tan QZE ; therefore,

A 800
A= tan—l—x =tan! [980077_

Ay 30007
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4.60 Measure heights above the level ground. The elevation y, of the ball follows
1
p=R+0-7gt?

withx=vit so y,=R-gx¥/ 2vi2

(a) The elevation y, of points on the rock is described by yf +x2=R2, We will have y,=y, at
x = 0, but for all other x we require the ball to be above the rock surface as in y, >y,. Then

Yo +x2>R?

2
&_gLDZ+X2>R2

2

D 2Vi[|
2 AV
Rz_gsz +g_)fl +X2 > R2
Vi 4Vi
24 2
04X +x2>ng
4Vi Vi

We get the strictest requirement for x approaching zero. If the ball's parabolic trajectory
has large enough radius of curvature at the start, the ball will clear the whole rock:

1>£ vi>\/gR

2
(b) With vi=‘\/gR and y, =0, Wehave0=R—ggLRorx= 2R

The distance from the rock's base isx - R = (\/E -1R

461 (a) From Part (C), the raptor dives for 6.34 —2.00 =4.34 s

undergoing displacement 197 m downward and (10.0)(4.34) = 43.4 m forward.

_ad @)+ (43.4)
VRS =

4.34

E:197

— -1 |:|_ _ o

(b) a=tan A3.407
1

(c) 197 =5 gtz |t=6.34s
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Goal Solution

G: We should first recognize that the hawk cannot instantaneously change from slow horizontal
motion to rapid downward motion. The hawk cannot move with infinite acceleration. We
assume that the time required for the hawk to accelerate is short compared to two seconds.
Based on our everyday experiences, a reasonable diving speed for the hawk might be about
100 mph (~ 50 m/s) downwards and should last only a few seconds.

O: We know the distance that the mouse and hawk fall, but to find the diving speed of the
hawk, we must know the time of descent. If the hawk and mouse both maintain their original
horizontal velocity of 10 m/s (as they should without air resistance), then the hawk only
needs to think about diving straight down, but to a ground-based observer, the path will
appear to be a straight line angled less than 90° below horizontal.

A: The mouse falls a total vertical distance, y =200 m —3.00 m =197 m

1
The time of fall is found from y = v;t — > gt2

B ’2(197 m)
t= S80m/< - 6.34s
To find the diving speed of the hawk, we must first calculate the total distance covered from

the vertical and horizontal components. We already know the vertical distance, y, so we just
need the horizontal distance during the same time (minus the 2.00 s late start).

X = V,;(t—2.00s) = (10.0 m/s)(6.34 s — 2.00 s) =43.4 m

The total distance is d =4x2 +y2 =4/(43.4 m)2+ (197 m)2 =202 m

d _202m

T-2005 434s _J65m/s

So the hawk’s diving speed is Vpawk =

97 m
At an angle of 8= tan! o_ tan-! (197 m 1 = 77.6° below the horizontal
9 X0l (434 m[]

L: The answers appear to be consistent with our predictions, even thought it is not possible for
the hawk to reach its diving speed in zero time. Sometimes we must make simplifying
assumptions to solve complex physics problems, and sometimes these assumptions are not
physically possible. Once the idealized problem is understood, we can attempt to analyze
the more complex, real-world problem. For this problem, if we considered the realistic effects
of air resistance and the maximum diving acceleration attainable by the hawk, we might
find that the hawk could not catch the mouse before it hit the ground.
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4.62 (1) Equationof bank (2) and (3) are the equations of motion
M) y?=16x (@ x=vt () y=-7 g
2
Substitute for t from (2) into (3) y=- EY 5
Equate y from the bank equation to y from the equations of motion

24
16x = D-zga(—DDZDg -16x = XL 16U=0
4vi

I
From this, x=0 or

4
64v 104 /3
3: = =
X e and x 4@-802D 18.8 m
_ L P 10E80a88?
Also, y=-3 gmziD—2 (10.0)2 -17.3m
L L

4.63

Consider the rocket's trajectory in 3 parts as shown in the sketch

9 /’—.\
-,
,/ \
\
Ve
/7 \
V \
\
/ k
\
/ \ 3
7/ \
4 \
1 7 \
/
/
/
/l\
/
/ 53°

Our initial conditions give
=30.0 sin 53.0° = 24.0 m/s%; a, = 30.0 cos 53.0° = 18.1 m/s?2
Vyi = i

=100sin 53.0° =79.9 m/s

=100 cos 53.0° = 60.2 m/s
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The distances traveled during each phase of the motion are given in the table.

Path #1:  vy—79.9 = (24.0)(3.00) or vy; = 152 m/s
Vs — 60.2 = (18.1)(3.00) or vy = 114 m/s
1
Ay = (79.9)(3.00) + 5 (24.0)(3.00) 2= 347 m
1
Ax = (60.2)(3.00) + 5 (18.1)(3.00) 2 = 262 m
Path #2: a,=0, vy =V, =114 m/s
Path Part
-152=—(9. =15.
0-15 (9.80)tort=155s i o 3
Ax = (114)(15.5) = 1.77 x 103 m; a, | 24.0 -9.80 -9.80
1 ) a, | 18.1 0.0 0.00
Ay = (152)(15.5) — = (9.80)(15.5)
2 vyi | 152 0.0 173
=117x103m Vi | 114 114 114
vyi | 79.9 152 0.00
Path #3:  (vy)? -0 = 2(-9.80)(-1.52 x 10%) v
vii | 60.2 114 114
Or vy =~178 m/s Ay | 347 117 x 108 | —1.52 x 103
Vi =V, = 114 m/s since a, =0 Ax | 262 1.77 x 103 2.02 x 103
t 3.00 | 155 17.6
~173-0=—(9.80)tort=17.6 s

Ax = (114)(17.7) = 2.02 x 103 m

(a) Ay(max)=[1.52x10®m
(b) t(net)=3.00+155+17.7 =
(c) Ax(net) =262+ 1.77 x 103 + 2.02 x 103 = |4.05 x 103 m

Let V = boat's speed in still water and v =river's speed and let d = distance traveled upstream
in t; = 60.0 min and t, = time of return. Then, for the log, 1000 m = vt = v(t; + t,), and for the

boat, d = (V - V)t;; (d+1000) = (V +W)t,; and t=t; +1t,

Combining the above gives

1000 d
v (V-v)

Substituting for d = (V - v)(3600) gives v = [0.139 m/s

,.d+1000
(V+v)
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4.65 (a) While on the incline:
v2—v? = 2a AX v -v;=at
v2 — 0 = 2(4.00)(50.0) 20.0-0=4.00t

(b) Initial free-flight conditions give us
Vyi = 20.0 cos 37.0° = 16.0 m/s; vy; = -20.0 sin 37.0° = -12.0 m/s
Vy=V,; since a,=0;
vy = —(2a, Ay + Vi )2 = —[2(-9.80)(-30.0) + (-12.0)7]+/2 = —27.1 m/s

V= (Ve +V )2 = [(16.0)2 + (-27.1)%]/2

=[31.5 m/s at 59.4° below the horizontal |

(vy = Vyi) _(-27.1+12.0)
a, —9.80

() t,=5s t,= =154s

(d)  Ax = vyt, = (16.0)(1.54) =

© 2000 by Harcourt College Publishers. All rights reserved.
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4.67

Chapter 4 Solutions

(a)

(b)

(c)

(a)

1 1 )
. — = at2 = 2 Coyoté
Coyote: Ax > at’; 70.0 > (15.0) t Stupidus

Roadrunner: Ax =v;t; 70.0 =v;t

Solving the above, we get v; = 229 m/s| andt=3.06s

At the edge of the cliff v,; = at = (15.0)(3.06) = 45.8 m/s

&>

1
Ay = 5 ayt2

o . 1
Substituting we find —100 = 5 (-9.80) t2

1 1
DX =Vt + 5 at2 = (45.8)t + 5 (15.0) 2

Solving the above gives Ax = t=452s

For the Coyote's motion through the air
Vi = Vxi T axt

Vi = 45.8 + 15(4.52)

Vyf = Vyi + ayt

=0-9.80(4.52)
Vs = |-44.3 m/s
1 2
AX = vyit, Ay = vyt + 5 gt
d cos 50.0° = (10.0 cos 15.0°)t, and
. . 1
d sin 50.0° = (10.0 sin 15.0°)t + 5 (-9.80) t2

Solving the above gives

d= t=287s

© 2000 by Harcourt College Publishers. All rights reserved.
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(b) Since a, =0,

Vys = Vi = 10.0 cos 15.0° = |9.66 m/s
Vyt = Vyi + a, t = (10.0 sin 15.0°) - (9.80)(2.87) = |-25.5 m/s

Air resistance would decrease the values of the range and maximum height.
As an air foil he can get some lift and increase his distance.

Define i to be directed East, and j to be directed

37

North.
N
According to the figure, set [
Vim YA

Vje = velocity of Jane, relative to the earth )/

Vme = Velocity of Mary, relative to the //'
earth )/

Vjm = Velocity of Jane, relative to Mary, )
Such that Vi = vy, +V, /" 60.0°

je jm me / \
(;-

Solve for part (b) first. By the figure, -

Vje = [5.40(cos 60.0°)i + 5.40(sin 60.0°)j] m/s
=(2.70i + 4.68)) m/s

and Ve =4.00i m/s

S0, (b) Vim = [(~1.30i + 4.68]) m/s|

The distance between the two players increases at a rate of |vy|:

IViml =V(1.30)% + (4.68)2 m/s = 4.86 m/s
d 250m
(a) Therefore, t=——=—2—=

jm

(c) After4s, d=vVj,t=(4.86 m/s)(4.00) =19.4 m apart
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Chapter 4 Solutions

Think of shaking down the mercury in an old fever thermometer. Swing your hand through a
circular arc, quickly reversing direction at the bottom end. Suppose your hand moves through
one-quarter of a circle of radius

60cmin 0.1s. Itsspeed is

1
2(271)(0.6 m)
01s 09 m/s

and its centripetal acceleration is

vZ (9 m/s)? > >
- Doem LM/

The tangential acceleration of stopping and reversing the motion will make the total
acceleration somewhat larger, but will not affect its order of magnitude.

Find the highest elevation 6 that will clear the mountain peak; this will yield the range of
the closest point of bombardment. Next find the lowest elevation 6_ that will clear the
mountain peak; this will yield the maximum range under these conditions if both 6, and 6, are
> 45° x = 2500 m, y = 1800 m, v; = 250 m/s.

1 . 1
y=Vyit-> gt = v; (sin ot-3 gt?

X =Vt = v; (cos O)t

Thus t= v, cos

Substitute into the expression for y

X
v;cos 6

y =v; (sin 6) —% gError!

1 2
but =tanZ 6+ 1 thus y=xtan t9—§iz(tan2 6+1) and

cos? @ :
X2 X2
Ozg—2 tan? 6—x tan 9+g_2 +y
2Vi 2Vi

Substitute values, use the quadratic formula and find

tan 6= 3.905 or 1.197 which gives 6, = 75.6° and 6 =50.1°
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vf sin 264 .
Range (at 64) =g— =3.07 x 103 m from enemy ship
3.07 x 103 - 2500 — 300 = 270 m from shore

vf sin 26, .
Range (at 6,) :T =6.28 x 103 m from enemy ship

6.28 x 10% — 2500 — 300 = 3.48 x 10° m from shore

Therefore, safe distance is [< 270 m| or [>3.48 x 102 m| from the shore.
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