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Problem Workbook Solutions

Two-Dimensional
Motion and Vectors

Additional Practice A

Givens Solutions
1. At,=7.95s d? = Ax? + Ay?
Ay=161m Ax=1/d* - Ay? =/(226 m)? - (161 m)?> = 1/5.11 x 10 m? — 2.59 x 10? m?

d=226 m Ax=+/2.52x 10" m? =159 m

Ax 159m
V=——= =120.0 m/s
TR

2. d;=5.0km Axyy; = dj(cos 6;) + dy(cos 0,) = (5.0 km)(cos 11.5°) + (1.0 km)[cos(—90.0°)]
0;=11.5° Axyp=4.9 km
@°=10km Aygor= dy(sin 6)) + dy(sin 65) = (5.0 km)(sin 11.5°) + (1.0 km)[sin(=90.0 )]
6,=-90.0° =1.0km — 1.0 km
Ayior=0.0 km

d=/(Axyo) + (Aygo)” = /(4.9 km)? + (0.0 km)°

A 0.0 k S
6=tan"! ot =tan"! il 0.0 , or due east
A 4.9 km

Xtot

3. Ax =5 jumps d*= Ax? + Ay?

1jump =8.0m Ay=+Jd* = Ax? = /(68 m)> = [(5)(8.0 m)]> = /4.6 X 10’ m> = 1.6 X 10°> m’

d=68m Ay=1/3.0x10°m=55m
55
number of jumps northward = — 2P0 69 jumps =

8.0 m/jump
A 5)(8.0
Ay 55m
4. Ax=25.2km d=/Ax? + Ay? =/(25.2 km)? + (21.3 km)?

Ay=21.3km d=1/635 km” + 454 km® = /1089 km”

A 213k
6=tan"! 4 =tan"! m
Ax 25.2 km

0= | 42.6° south of east |

Section Two — Problem Workbook Solutions Il Ch. 3-1



Givens Solutions
5. Ay=-483m A —483
7 O=tan"! A tan”! (—) =-65.0°= | 65.0° below the waters surface
Ax=225m x 225m
d=+/Ax* + Ay? =\/(225 m)? + (—483 m)?
d=1/5.06x 10* m*>+2.33 x 10° m* = 1/2.84 x 10° m’
6. v=150m/s d* = Ax* + Ay = (vAL)? + (vAL)?
At,=8.0s d*= I/Z(Atx2 + Atyz)

d=180.0 m A, \/(g
v

2 2

180.0 m

— A= \/ ———— | —(8.05)>=4/144 5>~ 64 s> =/8.0x 10§
15.0 m/s

Aty=

Aty =22.0 min

7. v=8.00 km/h d=\/Ax2+Ay2=\/(z/Atx)2+ (Z/At},)2
At, =15.0 min

=vyJAL7 + At}

1h
d=(8.00 km/h)(60 ) /(15.0 min)? + (22.0 min)?

lh

min

8.00 km :
d= 709 min“ = | 3.55 km
( 60 min ) \/ I—,

1A [ VAL, 1 [At _1(22.0 mi
6=tan 2 =tan'[—Z|=tan! || = tan" ﬁ
Ax VAL, At 15.0 min

0= | 55.7° north of east|

d=(8.00 km/h)(6 ) 1/225 min? + 484 min’

Additional Practice B

1. d=(5)(33.0cm A 88.0
5X ) 0= sin_l(—y) = sin_l{%} = | 32.2° north of west |

Ay=288.0 cm

d )(33.0 cm)

Ax =d(cos ) =(5)(33.0 cm)(cos 32.2°) = | 1.40 X 10% cm to the west |

2. 9=60.0° Ax = d(cos 8) =(10.0 m)(cos 60.0°) =
d=10.0m
Ay = d(sin 6) = (10.0 m)(sin 60.0°) =

Finding the angle between d and the x-axis yields,

amioom 0;=sin”" <&> =sin”! <_6'10 m) =-363°
Ay=-6.10m ! d 103 m
The angle between d and the negative y-axis is therefore,
6=-90.0 — (=36.3°) = —53.7°
6= | 53.7° on either side of the negative y-axis |
d*+ A+ A}
Ax=+/d* = Ay? = /(10.3 m)? — (=6.10 m)? = /106 m — 37.2 m* = /69 m?
Il Ch. 3-2 Holt Physics Solution Manual

Copyright © by Holt, Rinehart and Winston. All rights reserved.



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Givens

4. d=(8)(4.5m)

6=35°

Solutions

Ax = d(cos ) =(8)(4.5m)(cos 35°) =
Ay = d(sin 6) = (8)(4.5 m)(sin 35°) =

5. v =347 km/h

v, =v(cos 0) = (347 km/h)(cos 15.0°) =

6=15.0° v, = v(sin ) = (347 km/h)(sin 15.0°) = | 89.8 km/h
1h 5 5
. v =372 km/h d =vAt= (372 km/h) 36005 (10° m/km)(8.7 s) =9.0 X 10° m
S
Ax =d(cos 8) = (9.0 x 10 m)(cos 60.0°) = | 450 m east
0 =60.0°
Ay = d(sin 6) = (9.0 x 10> m)(sin 60.0°) =
. d=14890 km d  1.489%x10%*km
Vppo = — = ———————— = -805 km/h
0=250° WE At 18.45h
At=185h Uy = Z/u,/g(COS 0) = (805 km/h)(cos 25.0°) =

v, = Va,/g(sin 0) = (805 km/h)(sin 25.0°) = | 340 km/h south

. 1;=6.0 x 10> km/h

vp=2.3x10° km/h
At=120s

6 = 35° with respect to
horizontal

Additional Practice C

Av B Vf —v;
At At

1h
3600 s

(2.3 % 10> km/h — 6.0 x 10° km/h)( )(103 m/km)

a:
1.2x10%s

(1.7 x 10° km/h)( Lh
36

)(103 m/km)
00 s

a=
1.2%10%s

a=39m/s®

a, =a(cos 0) =(3.9 m/sz)(cos 35°) = | 3.2 m/s? horizontally |

a,= a(sin 6) = (3.9 m/s2)(sin 35°)=|2.2 m/s’ vertically

1. Ax;=250.0m

dy=125.0m
6, =120.0°

Ax, = dy(cos 05) = (125.0 m)(cos 120.0°) =—62.50 m
Ay, =d,(sin 6,) =(125.0 m)(sin 120.0°) = 108.3 m
Axop = Ax; + Axy =250.0 m — 62.50 m = 187.5 m

Ay =Ay; + Ay, =0m+108.3 m=108.3 m

d =/(Ax)? + (Aysor)? =4/(187.5 m)? + (108.3 m)>

d=4/3.516 x 10" m® + 1.173 x 10 m? = 1/4.689 x 10 m?

A 108.3 m
0=tan"! 2tot) _ tan”![———| = | 30.01° north of east
Xior 187.5m
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2. v =3.53x%10" km/h Ax; =vAty(cos 0;)
At; =20.0
! s Ax; = (3.53 % 10° km/h)( )(103 m/km)(20.0 s)(cos 15.0°) = 1.89 x 10* m
At,=10.0s 3600s
0,=15.0° Ay; =vAt(sin 6;)
o 1h
6, =35.0 Ay; =(3.53 x 10’ km/h) (3600 ) (10° m/km)(20.0 s)(sin 15.0°) =5.08 X 10° m
S
Ax, = vAty(cos 65)
1h
Ax, = (3.53 % 10° km/h) (10> m/km)(10.0 s)(cos 35.0°) = 8.03 X 10° m
3600 s
A)/2 = I/Atz(sin 92)
1h
Ay, =(3.53%10° km/h)(3600 )(103 m/km)(10.0 s)(sin 35.0°) = 5.62 X 10° m
S
Aygr=Ay; +Ay; =5.08 X 10° m +5.62x 10° m = | 1.07 X 10* m
Axypr = Ax; +Ax; =1.89 % 10* m +8.03 X 10° m = 2.69 x 10* m
d=/(Ax;0)* + (Ayien)? =1/(2.69 X 10" m)? + (1.07 x 10% m)?
d=1/7.24x10°m? + 1.11 x 10° m?=1/8.35 x 10° m
d={2.89x10*m
A 1.07 x 10*
O=tan"! Jiot =tan"! 4rn
Xiot 2.69x 10" m
0= | 21.7° above the horizontal|
3. Ax; +Ax; =2.00x 10° m Ay; =d;(sin 8;) =—Ay, =—d,(sin 6,)
Ay, +Ay, =0 in 6 in(—45.0°
e dy = —d, [S002| g (SO g
91 =30.0° Sin 91 sin 30.0°
0, =—45.0° Ax; =d;(cos 0;) = (1.41d,)(cos 30.0°) = 1.22d,
v =11.6 km/h Ax, = dy(cos 0,) = d,[cos(—45.0°)] =0.707d,

Ax; + Axy = dy(1.22+0.707) = 1.93d, = 2.00 X 10° m
d, = (1.41)dy = (1.41)(104 m) =

1h
1/—116km/h—(116km/h)( 36500 )(10 m/km) =3.22 m/s

g i (147m |
== | = 7s
! 3.22 m/s

At d, 104 m 123
=== JS
2 v 3.22 m/s

Aty = Aty + Aty = 45.7 s+ 323 s =
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4. y=925km/h d; = vAt; = (925 km/h)(10* m/km)(1.50 h) = 1.39 x 10° m
At;=150h dy = vAt, = (925 km/h)(10% m/km)(2.00 h) = 1.85 x 10° m
At,=2.00h Ax;=d;=139%x10°m
6,=135° Ay;=0m

Ax, = dy(cos 6,) = (1.85x 10° m)(cos 135°) =—1.31 x 10° m

Ay, = d,(sin 6,) = (1.85 x 10° m)(sin 135°) = 1.31 x 10° m

Axypr = Axp + Axy;=1.39 x 10° m + (- 1.31 x 10° m) = 0.08 x 10° m

A=Ay +Ay;=0m+ 131 x10° m=1.31 x 10° m

d = /(Ax)? + (Ay;or)? = 4/(0.08 x 10° m)? + (1.31 x 10° m)?

d=\/6><109m

21 1.72x 102 m?=4/1.73 x 1012 m?

d=]132x10°

m=1.32><103km|

0.08 x 10° m

(A L [1.31x10°
6 = tan I(L‘”) = tan 1(—m) = 86.5° = 90.0° — 3.5°

Xtot

6 =|3.5° east of north

5. v=57.2 km/h d,=vAt; = (57.2 km/h)(2.50 h) = 143 km
At;=2.50h d,=vAt,=(57.2 km/h)(1.50 h) = 85.8 km
At,=1.50h Ayor=dp+ dy(cos 65) =143 km + (85.8 km)(cos 30.0°) = 143 km + 74.3 km =217 km
0,=30.0° Ayyor = dy(sin ;) = (85.8 km)(sin 30.0°) = 42.9 km

d=/(Axp)* +

(Ayio? =+/(217 km)? + (42.9 km)

d=1/4.71 x 10" km? + 1.84 x 10° km? = 1/4.89 x 10? km?

Xtot,

217 km

A 42.9 km
0= tan_l(ﬂ) = tan_l( ) = | 11.2° north of east

Additional Practice D

a

1. 1, =9.37 m/s At_\/@_A_x
Ay=-2.00m b I
o > oA 2)(=2.00
a,=-g=-9.81m/s Ax=v, 2y (9.37 m/s) Lﬁ;) =598 m
(—9.81 m/s”)

y

| The river is 5.98 m wide.|

2. Ax=7.32km Ar= 2Ay _Ax
Ay =-8848 m ay  Vx
= 2 a —
a,=—-g=-9.81 m/s o= | Ax= | (-9.81 m/s%) (7.32%10° m) =
2Ay (2)(~8 848 m)

No. The arrow must have a horizontal speed of 172 m/s, which is much greater than

100 m/s.
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3. Ax=471m At—Ax
v; =80.0 m/s Vx
e 2 Ax —9.81 m/s)(471 m)?
a, g 9.81 m/s A _ _a (At) ( 2) ( m/s7)( 2m) =-1.70 X 102 m
21/x (2)(80.0 m/s)
The cliff is 1.70 x 10° m high.
4. y,=372km/h Are Ax
Ax=40.0 m Vx
a,=—g=—9.81 m/s’ a, (Ax)? (~9.81 m/s%)(40.0 m)*

1 2 y
A}/= an (At)” = =

2w 3m\[
x (2)[(372 km/h)( 1h )(10 m)}
3600s)| 1 km

Ay=—0.735m

The ramp is 0.735 m above the ground. |

5. Ax=25m

v,=15m/s

a,=-g=-9.81 m/s?

Ax
At==
Vx

A0l (-9, 2 2
Ay = %ay(At)z _ a, (Ax) _ (-9.81 m/s")(25 m)

h=25m 2wl (2)(15m/s)?
Ay=h—H=-14m
W=h—Ay=25m— (-14 m)
“[on)
6. /=420m B / A_x
v
/ [(-9.81 m/s’ )
= - " 7 (420m)=|64m/s
Ax=/ (2)(-210m)

a,=-g=-9.81 m/s?

7. Ay=-245m
v=12.0m/s

a,=-g=-9.81 m/s?

2
v, =2a,Ay

= sz + l/yz = sz +2a,Ay

v =12 = 2a,Ay =1/(12.0 m/s)* — (2)(~9.81 m/s?)(~2.45 m)

= /144 m%/s> — 48.1 m%/s>
=4/96 n12/s2
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8. Ay=-195m
v, =3.0m/s

a,=-g=-9.81 m/s?

Solutions

2_
v,"=2a,Ay

v= \/vxz + vy2 = \/vxz +2a,Ay

v =+/(3.0 m/s) + (2)(-9.81 m/s>)(~1.95 m)

v= \/9.0 m?/s? +38.3 m?%/s* = \/47.3 m?/s* = | 6.88 m/s

[V @)(-9.81 m/s?)(=1.95 m)

2a,A
f=tan! %)= tan”! NG tan
Uy Uy 3.0 m/s
0= | 64° below the horizontal |
Additional Practice
1. Ax=201.24
x m Ay=v; (sin 9)At+ (A1) = v, (sin 6) += ayAt 0
6=35.0°
a,=-g=-9.81 m/s’ Ax=vj(cos O)At
A
At:—x
vi(cos 6)
. 1 Ax
v;(sin 0) = ——a,|————
2 7| v{cosB)
—a,Ax  [-(-9.81 m/s’)(201.24 m)
2(sin )(cos 6) - (2)(sin 35.0°)(cos 35.0°)

2. Ax=9.50x 10’ m
6 =145.0°

a,=-g=-9.81 m/s?

Using the derivation shown in problem 1,

| —aAx Ax \/ —(=9.81 m/s%)(9.50 x 10? m)
V 2(sm 6)(cos 6) (sin 45.0°)(cos 45.0°)

v; =96.5m/s

At the top of the arrow’s flight:

v=v,=v;(cos 8)=(96.5m/s)(cos 45.0°) =

3. Ax=27.5m
6 =50.0°

a,=-g=-9.81 m/s?

Using the derivation shown in problem 1,

| —aAx Ax \/ —(—9.81 m/s?)(27.5 m)
\/ 2(s1n 0)(cos 6) 2)(sin 50.0°)(cos 50.0°)

4. Ax=44.0m
6 =45.0°

a,=-g=-9.81 m/s*

Using the derivation shown in problem 1,

—a,Ax | —(-9.81 m/s*)(44.0 m)
2(sin 6)(cos 6) (2)(sin 45.0°)(cos 45.0°)
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b. At maximum height, v, ; =0 m/s
2 2
Vyf =V +20,AY0c=0
—vy#  —v(sin > —(20.8 m/s)*(sin 45.0°)
Ymax = = = > =11.0m
2a,, 2a, (2)(-9.81 m/s”)
| The brick’s maximum height is 11.0 m. |
2 2
—,, { —(20.8 m/
c. y, =i —(208m/s) — =221m
2a, (2)(—9.81 m/s”)
| The brick’s maximum height is 22.1 m. |
5. Ax=76.5m At maximum height, vy f= 0 m/s.
0=12.0° Uyt =y i+ 28, A g =0
a,=-g=-9.81 m/s’ Uy ,-2 B —1/,-2(sin 6)
Ymax = B = 5
ay ay

Using the derivation for #;* from problem 1,

—a,Ax -| —(sin 6)° _ Ax(sin §)  Ax(tan 0)

Ay pax= P(Sin 0)(cos Q)J 2a, 4(cos 6) - 4

(76.5 m)(tan 12.0°)
AV ax= 2 =4.07m

6. V)00 =5.82 m/s

Vi pall = 2Vrynner

In x-direction,

Ui,ball(cos 0) = 2013ner(COS 0) = Vpyyprper

2(cos ) =1
6= cos_l(%) =
7. v;=8.42m/s For first half of jump,
_ o 1.40
0=>552 Aty=——2 207005
At=1.40
s Ay=v;(sin O)At; +3a,(At))* = (8.42 m/s)(sin 55.2°)(0.700 5) +3(~9.81 m/s?)(0.700 5)*
a,=-g=-9.81 m/s?
Ay=484m—-240m=244m
The fence is 2.44 m high. |
Ax=v;(cos O)At
Ax=(8.42 m/s) (cos 55.2°)(1.40 s) =
8. v;=22m/s Ax=v;(cos O)At= (2.2 m/s) (cos 21°)(0.16 s) =
6=21°
At
At=0.16s Maximum height is reached in a time interval of —
2
o= 2 At At
ay=—g=—9.81m/s Ay =vi(sin 9)(7) + %ay(g)
2
0.16 0.16
AY o= (2.2 m/s)(sin 21°) ( 5 S) +1 (081 m/52)< ; S)
AYpax=63%102m-3.1x102m=32x10°m=3.2cm
| The flea’s maximum height is 3.2 cm. |
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Givens

1. vge = 126 km/h north
vgs = 40.0 km/h east

Solutions

Vge= Vg + 15 = V(40.0 km/h)* + (126 km/h)®

Vge="V1.60 x 10° km*/h” + 1.59 x 10* km/h’

vge=V1.75x 10" km/h =

126 km/h
6=tan"! se) _ tan 1 7/ = | 72.4° north of east
Vgs 40.0 km/h

2. vye =—3.00 x 10> km/h
Vpw =4.50 X 10° km/h
Ax =250 km

Vpe= Vpyy + Ve =4.50 X 10> km/h — 3.00 x 10° km/h = 1.50 x 10> km/h

Ax 250 km
At=—=——————=|1.7h
Vpe 1.50x 10*km/h

3. Viw=9.0 m/s north
Vb = 3.0 m/s east

At =1.0 min

Vib = Viw T Vwb

vy = \/vth + I/Wb2 = \/(9.0 m/s)? + (3.0 m/s)? = \/81 m?/s? +9.0 m?/s?

i =4/9.0 X 10" m%/s?

vy =9.5m/s

60s
Ax=vgAt = (9.5 m/s)(1.0 min =[570 m
A= (95 i) >(1mm)
3.0 m/
0=tan! Ywb =tan! e 18° east of north
9.0 m/s

Vtw

4. v, =40.0 km/h forward
Viw = 16.0 km/h forward
Ax=60.0 m

Vef = Vew — Viw = 40.0 km/h — 16.0 km/h = 24.0 km/h toward fish

At:A—xz 60.0 m :

v 3
T a0 kImh)(sslo}(l) s)(llok;l )

5. vig=90.0 km/h
Vg = -90.0 km/h
At=40.0s

Vi2=ViE ~ V2E

v15 = 90.0 km/h — (=90.0 km/h) = 1.80 x 10? km/h

1h \/[10°
Ax = vj,At = (1.80 X 10 km/h) ) 40.0's) = 2.00 X 10° m = 2.00 km
3600s)\ 1km

The two geese are initially 2.00 km apart |

6. Ve = 18.0 km/h forward

Vie=0.333 Ve
= 6.00 km/h forward

Ax=12.0m

Vmr = Vme — Vre

Vpr = 18.0 km/h — 6.0 km/h = 12.0 km/h

vor (120km/h) | Th |\10°m

Ax 120 m (3600 s) ( 1 km)
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