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3-1. (a) Distance hiked = b + ¢ km.

(b) Displacement is a vector representing Paul’s changein ~ ====- b
position. Drawing a diagram of Paul’s trip we can see that
his displacement is b + (—c) km east = (b —c) km east.

(c) Distance =5km + 2 km = 7 km; Displacement = (5 km — 2 km) east = 3 km east.

displacement —c km

3-2. (a) From- d - X
t t
X
(b) v t.We want the answer in m/s so we’'ll need to convert 30 km to meters and 8 min

to seconds:
30.0 km 1000m 30, 000 m; 8.0 min 82s 480s. Them X 30.000meE3 m.

\

1km 1 min t 480 s s

Alternatively, we can do the conversions within the equation:

X _30.0km' T 63 m.
t 8.0 min-l%ﬁ s

In mi/h:
30.0km _imi 18.6mi;8.0min —ih_0.133h. Then- X 18.6Mij40 mi.

\

1.61 km 60 min t 0.133h h

1mi
Or,- X 300km gomn _im 140 mi.Or, - X 30.0km T&im 140 i
t 80min  1nh  16lkm h t 8.0min grmn h

There is usually more than one way to approach a problem and arrive at the correct answer!

3-3. (@) From- d -~ L.

Y
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3-4. (a) Fromv d vy

X



x 0.

(v t 0 .010

d
35 @V -t .

t
30m

2 r 2 (400m)
Y 63

(b)

t40s°
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3-6. (@t=?Fromy I t

(b) t 08 m

34s.
15m

< I=

S
(c) Yes. At the beginning of the ride the elevator has to speed up from rest, and at

the end of the ride the elevator has to slow down. These slower portions of the
ride produce an average speed lower than the peak speed.

3-7. (a) t = ? Begin by getting consistent units. Convert 100.0 yards to meters using the
conversion factor on the inside cover of your textbook: 0.3048 m = 1.00 ft.

3ft 0.3048 m d d 914m
_ v v
Then leO g Kafdsnfard 1ft 91.4 m. Fromyv t ot
(b) t 15s.
v 607

3-8. (a)t=?Fromyv d d L

t v
L _100m
(b) t S

-9 T S
3.33 10 s 3.33ns. (Thisis 33 billionths of a second!)
v 3.00 10 |
39. (a)d=7?Fromg¢

(@]

d d w.
t

(b) First, we need a consistent set of units. Since speed is in m/s let’s convert minutes to seconds:
i — m
5.0min 60s 300s. Thend Vt 7.5 300s 2300 m.

1min

310.(a) v 0T V.

2
(b)y d ? Fromg d d vt V'[2
t
2.0m (1.5s)
cd M s 15m
2 2
d _ vV Vv 0v wvt
3-11. (@)d ? FTom v d vt it —_ t
t 2 2 2
12 m (8.0s
(byd ¥ s ).48m
2
d _ vV Vv 0O v wvt
3-12. (@) d ? FTomv— d vt - —_—t —_ t
t 2 2 2
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(b) First get consistent units: 100.0 km/h should be expressed in m/s (since the time is in

27.8m (8.05)

seconds).1000 km  _1h ~ 1000m 278 m Then,d M s, 110 m.

h 3600s1 km S 2 2
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\—/ Vv Vv
3-13. (a)a = .
t t

Kk k ki . . . ki
(b) v 40 _mh 15 —mh 25 —mh . Since our time is in seconds we need to convert _mh to m

m

o5km _ihr 1000m 694 m.Thena L 6945035 m. s

h  3600s 1km s t 20s ;2

Alternatively, we can express the speeds in m/s first and then do the calculation:

11.1m4.17
15km I 1000m437 W and40 km _Ihr 1000m 131 D Thena — . s—3 A
0.35
hr  3600s 1km s hr  3600s 1km S 20s ;2

y Vv Vv
3-14. (a)a = .
t t
(b) To make the speed units consistent with the time unit we’'ll need v in m/s:

m
Vv v200 kn50 km150 ko _i  12000m 417 m, Then Y2 V1 4175 0417 m.
a

2 1 h h h  3600s  1km s t 10.0's 2

An alternative is to convert the speeds to m/s first:
V. 50 km _ghr 200ml14 p; Vv  20.0km __ihr 1000
m

1000 o
5565
1 h 3600s 1km s 2 h  3600s 1km
.56m 1.4 m _
Thena Y2 V1
s Y042 0 0m.
t 10.0s o
14 m556 m
(¢)d vt ViVt __ s 510.0s 35m.Or,
2 - 2
2
12 s 2 s
1 jui]  — i}
2
d vt at» 14 (10.0s) 042 (10.0s)" 35m.
3-15.(a)a XL YL V9 Qv v
tt t t
m
(b) a M_ & s 13 e
T2 .
t 20s s
_d vV Vv 26 40
(¢ d? Fromv — d Vi o ——2 ——gr—=2Cs 260 m.
t - 2 2
2 S 2 SZ 2
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Or,d vt lat2 26m_ (20s) L 13m (20s) 260 m.
0

(d)d = ? Lonnie travels at a constant speed of 26 m/s before applying the
brakes, so d vt 26 ms (1.5s) 39 m.

v v vO v

3-16. (a) a -T f_'[ = '[_tl
v 7258 m

— —=6.0 -

b)a t 12s Zr
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d vV Vv 72 4L oo
() d? From v d - v ———t ————=(12s) 430m.

t 2

1 ) m 1 m 5
or,d vot 2at° 72, (125)26.0 < (125)° 430m.

_d d L 2L
3-17.at ? Fromv — t = —
VAT
t voof2 0 v,
() t 2k 2(14m)o19s,
v 150w
S
VAR Vv
3-18. (a) 7 — —.
2 2
m
%53_ 175
(b) ¥ 8 m . Note that the length of the barrel isn’t needed—yet!
2 S
(c) Fromv _ % d L 040m
t v v 175m 00023s 23ms.
S
d v V Vv Vv

3-19. (a) Fromv dut ft= o0 t 22

v v _25 mj1 o
(b) d—'——0y ¥ ———_—3(7.85) 140m.

2 2

3-20. (a) v =7 There’s atimet between frames of Tis, sov=d _X_ 24 x (That's 24x per
S

t 24 s
second.)

1 1
() v 247 x 247 (0.15m) 3.65.

3-21. (a) a = ? Since time is not a part of the problem we can use the formula v¢ 2 v02 2ad

and 5
solve for acceleration a. Then, with vo= 0 and d =X, al’_,
5 2X
, 1.8 107m L
GMa Yo e ——s 1610 .
2x  2(0.10 m) §2
1.8 10 /m Q m
()t 2 Fromvv at t Y X0 ) T 8
. 0 3.5 s 1.1 10 s 11ns.
a 1.6 107 5%
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_ d
Or,from vV 1 t

<lla

L oL 2(0.10 m) 3
vivg (v 0) mam 11 10 s,
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3-22. (a) v¢=?Fromv T ’ ~twithvo 0 vt o

(b) a=? Fromd vt tat’witvo d 1 at‘a 2521

f 0 0
2 2 t
(cpv 2d 2(402m) 187 m:q 2d 2(402m) 406m
B 2 2
f t 445 s t° (4455) &
d VoV vV
3-23. () d=? Fromv B d vt - — it - t.
t 2 2
vV 110 D250
(b) d t= . — + 535
s) 630 m.
2 2
3-24. (@)t ? Let's choose upward to be the positive direction.
Fromv v at with v
f
\i . 325 ] _
t 3.3s.
g 94 —L——
2
d ?

Fromv

We get the same result with

3-25. (a) vg = ? When the potato hits the ground y = 0.
d vt 1

2
at“y vt
0 2



gt

(12s)

59

9.8



2 sz 2 S
3-26. (a) t =? Choose downward to be the positive direction. From

Fromd _vt 1 at2 withv

2h 2(25m)

t
g 9.8—‘”—Sz
Vf Vg lt 0 J9.8

2 2 —
Or, f 2ad itha g,
f r, from 2a N—v\fw g
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3-27. (a) vo = ? Let’s call upward the positive direction. Since the trajectory is symmetric, v = —vQ.

Then fromv v at, with ag vV gt 2vgtv at
f 0 0 0 0 0 2
a2
()v a 98 (408 20 m,
0o 2 2 S
20m
() d ? Fromv I - od vt——! e s e (2.0s) 20m.
t 2 2 2

We use t = 2.0 s because we are only considering the time to the
highest point rather than the whole trip up and down.

3-28. (a) vo = ? Let’s call upward the positive direction. Since no time is given, use

v2 y2 2ad witha=-g,vi=0atthetop,andd=(y—2m).
f 2 0
v 2( 9)(y 2m)v 29(y 2m) .

0 -0 ‘/
(b) v \/Zg(gglm_).29 m ) 18.8m19 .
0 52 S S

3-29. (a) Takigg upg/vard to be the positive direction, from
2ad v v withagandd h v v 2gh. So on the way u
. g JV 29 y up

f f 0
V§ \/(;0 2gh.

(b)From above, on the way down vf \/wg 2gh, same magnitude but opposite
direction as (a).

VARY VARY JV 2gh v vvj 2gh
a g9 D D ng '

(cgFroma ——F— t o

a
m m
2

(d) v v 2gh  16m 22 98m (85m)9.5 . Vi Vo _955.16 s 5465

{
f V oo \/ s ;2 s a 9.8

3-30. (a) vf=? Taking upward to be the positive direction, from

2ad V2 v with ag and dh v 2 2gh. The displacement d is

E

f 0 f 0

negative because upward direction was taken to be positive, and the water balloon ends

up below the initial position. The final velocity is negative because the water balloon is

heading downward (in the negative direction) when it lands.

vV Vv VvV Vv vz/ 2gh v vw; 2gh
(b)t=7?Froma . RN SR R ' _-r__c 0 T 0
t a g g
(c) vf = ? Still taking upward to be the positive direction, from ) ) )
2ad v- v~ with initial velocity = -v, ag and dh v v 2ghv v™ 2gh.




f 0 0 f 0 f
We take the ne?at_ive_s uare root because the balloon is going downward. Note
that the final velocity is the same whether the balloon is thrown straight up or

straight down with initial speed vQ.

© Paul G. Hewitt and Phillip R. Wolf 3-6



(d)v / v-2gh W)lﬁ m for the balloon whether itis
f 0 S s 2 S

tossed upward or downward. For the balloon tossed upward,
t Vo 16 5573 215

a 98 %
s

3-31. (a) Call downward the positive direction, origin at the top.

Fromd vt lat  withag,d 2 yh h vt 1ot 1 gt vtho
0 2 02 2 0
From the general form of the quadratic formula x —4'%4?‘0_ we identify
/ 48
a &, bv,and ch, which givest V— Z—(— b vovov __2_2gh
2 0
g g
To get a positive value for the time we take the positive root, and get
V+ vy, +2
t 0 \/J—
Jgh
. g
(b) From
2ad V2 ve with initial velocityvo,a gandd ~ h VR v 2gh  Vf ,\/voz 2gh.

Vv /v 2gh
Or you could start with v v atv g —_— _5—_—_ [v 2+2gh.
f 0

0 0

2
v v22gh 32 ¢ 32" " 298% (35m)

4.—.\[4_—_-.— ———

©t ~ g - T ——Qgsm 7T 088s;
S
v [w2gn \/ 32m © 298 ™ (35m) 89 m
f 0 s 52 S
2 .
3-32.(a) Fromd vt lat al(LZVQﬂ :
0
2 t
—2120m-13n-505-
(b) a 2d Vo) 2 44 D
2 (5.05) .

(c)vf vg at 13 m54.4 &, (ss) 35

(d) 35m _lkm _Imi  3600s 78 mi  This is probably not a safe speed for driving in
s 1000m 161km  1h h

an environment that would have a traffic light!
3-33.(a) Fromx - vt¥Q_ Vit v Xy |
2 ot 0

vv (2%vo) Vo 2-2vo X v
® a - - - PP S EAT )
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S 30_ S
11.9s
X fom 134 - vi vo 30%13 " -
a 2 : 2 * 084 ™Mora s 084 M
‘ t 11.9s s
2 2
t t (119s)"  11.9s s
2 2 2
3-34. (a) From 2ad  vf vog withd L w/Vo 2aL . This is Rita’s speed at the
bottory of

the hill. To get hertime to cross the highway: Fromy d t d ___d .

Vf“2

Vo 2aL

t
(bt ] d LA

) :
vg 2L 3022 2152 (85m)

3-35. (a) Since vq is upward, call upward the positive direction and put the origin at
the ground. Then
Fromd vtlat

withag,d 2 yhh vtégt2 lgt2 vt h 0.
0 2 2 2

0 0
From the general form of the quadratic formula x —i--zb—a- dac we identify
2
a &, bv,and ch, which gives Vovoy 4 — (h) Vo o 2gh,
t
2 2 2 2
(b) From 2ad v v withagandd hv v 2ghw  2gh

‘/ﬁ\/__fo t o

(© t g ggm 0.825s0r 3.67s. So

S

Anthony has to have the ball leave his had either 0.82s or 3.67s before
midnight. The first time corresponds to the rock hitting the bell on the rock’s
way up, and the second time is for the rock hitting the bell on the way down.

v /V(z)Zgh \/ 0,298 O (I47m)l4 o
S

f 52 S
3-31.] (a) v1 = ? The rocket starts at rest and after time t1 it has velocity v1 and has risen to a
height h1. Taking upward to be the positive direction, from v¢

X vo at gvith v 0 vp atg.
(b) h =?Fromd vtlat withh

dand vO h Jdat .

1 0 2 1 0 1 2 1
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(c)h2 = ? For this stage of the problem the rocket has initial velocity v1, vf =0, a
= —g and the distance risenéll = Bz

2 2 2 22
From 2ad v2 v2 y X 0 v v (@) at
d Lo h : : : L
f0 2a 2 2(9) 29 29 29
(d) tadditional =.? To get the additional rise time of the rocket: From
a VO g VEVO O V1oAY
t a g g
2, 2
h h h 1l 2 a4 2 a
mx 12 caty 29 ealy 1.

© Paul G. Hewitt and Phillip R. Wolf 3_



(f) tralling = ? Keeping upward as the positive dirgction, now vg =0, a =—g and d = —hmax.
(ot

Fromd vtiat h

(9)t tt t

total 1  additional falling 1 g g

(h)v voat 1200

runs out of fuel 1 1

2(1.705) 204 s

2, 2 A
h h 2l 120 &~ (1709) /2103 m,
additional 2 29 _m
2
9
8 2
t o
additional Aty 1205°(1.70 5) 20.8 s.
m
g 9.8 »
hmax 173 m+ 2123 m_2296 m 2300 m.
t e 2(2300 m)
fa:/ng - [ JQ_SE__). 21.7 s.
s2
tt t t
total 1 additional falling 1.7s 208s 21.7s 44.2s.
3-32. 7 lotaldistance _ X X = 2X 114X,
total time t 0.75t 1.75t t
140 km
- X - -
(b)V 1.14%1.14 80 &
t 2hr
3-33.(a)y lotaldistance  Fromv 4 d wt.
total time t

d d v t vt

- —walk joo_ walkwalk_jog iog v(30 min) 2v(30 mir_l)
Sov twalk tjog twalk tjog 30 min 30 min
(b)v 15v 15107 155

1 21 m
hiy at™; 1205 (1.705)

2

3v(30 min)
2(30 min) 19V

173 m.

I3



60 s
(C) dto cabin _Vttota| v (tWa|k tjog) 15 S (30 min +30 mln) 1 min 5400 m = 5.4 km.

3-34.(a)y lotaldistance rromy d d wt.

to'([jal timc? vt t vt
So v slow  fast slow slow fast fast V(l hl 4V(1 h[ 5V(1 h[ 25V.
tslow tfast tslow tfast 1h 1h 2h

(b) v 2.5v 252550 gk
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total distance d d x
3-35. ()7 L . Fromv 2 t =2 2
" total time t (VAR
- 41 dp 22X 2
T 127 12
Sov =217 vy
th @ -V v Xy — 2\/ V2yt+—
vy, v(1.5v) _L15v o
2 .22 —— 2 ——1.2v. Note that the average velocity is biased toward
w 15v v 2.5v

1
the lower speed since you spsnd more time driving at the lower speed than the higher speed.

(b) Vi2v 12 28T 34%®,
d

3-36.(a)d =?FromV Al g Vt. The time that Atti runs = the time that Judy

Atti Atti t Atti

walks, whichist x V

0 \%
_ Atti == —X.

v
v 45 3
(b) X —X (150 m) 450 m.

m
v 15 %
337.y 4 3mo m .
t 15s s

3-38.h="7? Cag ueward the positive direction.
Fromv ~ v 2ad withd h,v Oand ag

f 0 f
2 2 2 2 147m2

\Z0) Vo Vo S

m

2a 2(g) 29 298 <11m.

d vV Vv 0 2750

3-39.d ? From vV o— d ot o——t

t 2 2

- N 1 2
3-40.t ? Let's take down as the positive direction. Fromd vot T2 _at___ with vg

d 2
t 2 2(16m) 185,
g 9.8-¢
S2

m

1
2.0t

13

341.a L Vi Vo 1

| (%]
]
(%]

4 m.

t t

w

S S2

I3

3422 L VEVO 1550 T3 m .
© Paul G. Hewitt and Phillip R. Wolf 2 3_10
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Oanda g



t t 2.5s s

1 1 1 m

3-43.d=?Withvg 0,d vgt » at2 becomes d ;at2 ;2_0 57(8.0 s)2 64 m.
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2
3:44.a 2Withv 0. vt 1% becomesddat™ ., 2d 2(50m) p5m.
a

2 2
0 0 2 2 t°  (2.0s) 2

1 1 1 m

3-45.d =? Withvg 0,d vot zatz becomesd at2 235 ¢ (5.5 s)2 53 m.

3-46. vo = ? Here we’ll take upwards to be the positive direction, with a = g and v =
2 2 2

Fromv2 v 2ad v v 2(gd v ngd )77m
f 0 0 f

3-47. t=? We can calculate the time for the ball to reach its maximum height (where the
velocity will be zero) and multiply by two to get its total time in the air. Here we’ll
take upward to be the positive direction, with a = g.

v Vo Vo W 8%

Vi Vo £.1.84 s. This is the time to reach

From a t

t a g g 98t
s2

the maximum height. The total trip will take 2 1.84 s = 3.7 s, which is less than 4
s. Alternatively, this can be done in one step with by recognizing that since the
trajectory is symmetric vi = —vo.

2 218m
AYy] s
t g W.? .
S

3-48. vg = ? Since she throws and catches the ball at the same height, v¢ vg . Calling
upward

the positive direction, a =—g.

m
Fromv v at v v (gt 2vgt vat 98 ¢ (30s)15 m,
f 0 0 0 0 0 5 5 S

3-49. For a ball dropped with vg = 0 and a = +g (taking downward to be the positive direction),

dfallen, 1st second Vot l2 at 2 l2 9.8 sz (;s)2 4.9 m. At the beginning of the 2" second

we have vg = 9.8 m/s so

1 2 m 1 m 2
dfa”en’ 2nd second vot 2 at 9.8 s_(l S) 2_9.8_3 27(1 5) 14.7 m.
The
d
ratio—2en 2’ second  14.7M 3 More generally, the distance fallen from rest in a time

49m

st
fallen,1 second

tisd 1 gt2 .in the next time interval t the distance fallen is
2

2 z
© Paul G. Hewitt and Phillip R. Woit . ;; at  (gt)t '39,312 f

2



gt z The ratios of these two distances is
from time t to 2t

d
from time t to 2t gt 3.
grommetes - Ll

fromrestintimet % gt

© Paul G. Hewitt and Phillip R. Wolf 3_13



2 .
3-50. h ? Call upward the positive direction. From v 2 v" 2adwithd h,v 0andag

f 0 f
2 2 2 2 1,000m 2

Vivo Vo Vo

(E]

N3 [o

2a  2(g) 29 2985 51,000m >50km.
3-51.h ?Wwithd hwo 22 2 ,a —g andt 3.5s,d vot 2-1at2becomes

m 1 m

h (225 )(355) 298 <£(35s)° 17m

352.t=2Fromv 4 t d 685ms5gos
t v 138

m
353.t ? Froma Y Yf Y0 ¢ Vi Vo 2835 07 40s.
m

t t a 70 »
S
_d d d 2d
- ? - - — —
3-54. (&)t ? Fromv t
t v f2vo Vv
o 2 2 V2
(b)a=?Withvg Oandvf Vv,vf —vg 2adbecomesa .
2d
(c) t _2d 2(140 m)
v 28
3-55.d ? Fromv
t
d
3-56.t=7? Fromv t

3-57.a ?  Withv
f
) 220

vt




a v — . oeam

2d



3-
58.

Fromd vt

2
at




-b - O O . . b 4aC-

) Zd
Vovg 4
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3-59. vg = ? The candy bar just clears the top of the balcony with height 4.2m + 1.1m = 5.3 m.
Withv 0, v 2_ Vv 2 2ad with v and 2y positive and ag vzy2  2( g)h

f f 0 0 0 f

o /_ngh/ 29.8m2 (5.3m) 10.19 ?10.2 JSJJ.The total time is the time for the
S

way to the top of the balcony rail plus the time to fall 1.1 m to the floor of the balcony.

. . 2
t ? Fromd vt lat  withv 0andag d (ot t[2d [253m) 1045
up f 2 f 2 up g 98*m
) 2 2 — —
t 7 Fromd vt 1at” withv0,agandd 2 yh h L(gt ¢ L. __0
down 0o 2 0 2 down g 98D :

Sotiotal tup tdown 1.040s 0.47s 1.51s. An alternative route is: Since vq is

upward, call upwarg the positive direction and putthe origin at the gré)und. Thgn
Fromd vt 1l at™ withag,d 2y 4.2m d vt lgt™ _ 1gt™ vt d O

0 2 0 2 20

b b~ 4ac

From the general form of the quadratic formula x we identify

g
a 4,bv,andc d,which givest Yo Y0 4,(d) v ¥ —20d

2 0 g g
10.19 m \/ 10.19m 229.8 o (4.2m)
S

S S
98 I

0.57 sor 1.51s. The first answer

S

corresponds to the candy reaching 4.2 m but not having gone over the top
balcony rail yet. The second answer is the one we want, where the candy has
topped the rail and arrives 4.2 m above the ground.

3-58.|Consider the subway trip as having three parts—a speeding up part, a constant speed part,
and a slowing down part. d d d

total speeding up constant speed slowing down '

m T 2 1 m 2
For dspeeding up, Vo 0,2 157 andt 12s,s0d vot sat 1'532 (12s) 108 m.

Ford vt. From the speeding up partwe hadv0,a 15 £ andt 12s
const%nt speed 0 S
2 S S
sov v at 15 * (12s) 18*andsod 18 * (38s)684m
m 1 2 T m 2

For dslowing down » Vf 0,8 —15 s> andt 12s,50d vet 2at  2-15 s* (125) 108m.

Sod ¢ d d 108m 684m 108m 900 m.

total  speeding up constant speed slowing down

3-59. One way to approach this is to use Phil’s average speed to find how far he has
run during the time it takes for Mala to finish the race.

Fromv 4 dt
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traveled 94.1 m when Mala crosses the finish line, he is
behind by 100m 94.1 m5.9m6 m.
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3-60. t = ? The time for Terrence to land from his maximum height is the same as the
time it takes for him to rise to his maximum height. Let’s consider the time for
him to land from a height of 0.6 m. Taking down as the positive direction:

Fromd vgt l2_at_2_with_v0 Oanda g d Lo’

t — 0.35s.
\J \’ 9.8
g .

His total time in the air would be twice this amount, 0.7 s.

361.v 4 __EFm __ g0 m.
t D h
3600 s
3-62. - lotaldistance |fwe call the distance she drives d, then fromv 4 t d
totalc}lme d t Vy oy
- there  back 2d 2d 2 there back
Sov t ¢ d d d g1 1 vV Vv
there  back  Vihere Vback2 Vthere back Y e 2 back there

40km 60 km 2400 km —
) h k itv is bi
~SoRTa0 & 2 10 6 Kn 48 T . Note that the average velocity is biased
h h h

toward the lower speed since Norma spends more time driving at the lower
speed than at the higher speed.
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