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2. Infigure 2.1, a runner’s position is plotted as a function of time.
(@) Graphically estimate her velocity at t=3seconds.
(b) Forthe whole run, what is her average speed, in m/s?
(c) Ontwogrids, roughly sketch herspeed asa function of time and heracceleration
asafunctionoftime. Include numbersontheaxes.
(d) Is this run near Olympic standards?
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3. Abaseballisthrownstraightupwithavelocity of 30 m/s. Indicating both the
magnitude and direction of the velocity...
a) what is the ball’s velocity two seconds after being thrown?
b) 4 seconds after being thrown?
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4. Arunnerismovingat5m/satt=2s,andbyt=5s,shemovesat11 m/sinthesame
direction. Whatis heraverage acceleration?
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5. Alotofconfusionabout“floating” comes fromthe factthatabig jumperspends
somuchtime near the very peak of his jump.

a) Ifabaskethallplayerjumps 36inchesstraightup, forhowlongis he in the air?

b) Forhow long is he within 9 inches of the top of his jump?
¢) What fraction of the time is he in the top9°°?
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6. L.A.Dodgerscenterfielder Matt Kemp is one of the fastest playersinbaseball today,
near the top of stolen base lists. He’sbeen clocked at 22 mph, not too far from Bolt’s
peak speed, shownin figure ??. Kemp rounds second and is racing towgrets third at
24 mph. (2.%

a) Ifhemaintainsaconstantspeed, how long does it take for himto cover the final
12 feet to third?

b) Ofcourse,coming into3d base atfullspeed means thatthe runner will likely overrun

thebase. Therefore, thebase coachsignalsKemp toslidethefinal 12 feet. He doesso,

decelerating at a constant rate, coming to rest precisely on the base. What is the

magnitude of his acceleration? Howdoesthiscomparetotheaccelerationduetogravity?
¢) Bysliding, how much more time has Kemp taken to reach the bag?

I.e. how long does it take him to cover the final 12° when sliding, and how does that

compare with your answer to part(a)?
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7. Adistance runner completes one mile in 5 minutes. Whatishisaverage velocity, in m/s?
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8. AFerrariScaglietti hasanacceleration 0f5.9 m/s2, whichwe assume constant. How far
down the track has it gone, 5 seconds after it’s jumped o¢ the starting line?
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9. Whenanobjectaccelerates at9.8 m/s2 (or 32 ft/s2), wesay itacceler- ateswithone
“gee”(g). Thisistruewhethertheobjectisfallingunder gravity, or due to something else.
Using the constant-acceleration ap- proximation we’ve discussed in this chapter, how
many “gee’s” describe the following situations?

(@) Cedar Point’s TopThrill Dragster (anawesome ride, by the way): According to the
park, it goes 0-120 mph in 3.8 seconds on the hori- zontal track, before turning up
vertically.

(b) Afootball kicko! : The ball is initially at rest on the tee. After be- ing in contact
withthekicker’sfootforonly8ms, itleavesthekicker’s foot at 85 ft/sec.
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10. Onthe leftinfigure 2.2 are four sketched graphs of position versus time.
(@) Which velocity-versus-time graph (on the right) corresponds with each position-
versus-time graph?
(b) Which of the velocity-versus-time plot(s) could correspond to mo- tion under a

constant, non-zero acceleration?
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Figure 2.2: Problem 10.
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11. Unaware that you have taken a physics class, a major league pitcher claims that he can
throw a baseball from the ground, straight up as high as the Empire State Building,
which is 1250 feet tall.

(@) Atwhat speed would he have to throw the ball, toaccomplish this?

(b) Approximately how fast can a major league pitcher throw a ball?

(c) Usingyouranswerfrompart(b),howhighwouldthe ballgo, ifthrown straight
up?
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12.  Therearemanylegendsofbasketballplayerswith2-secondhangtimes. Thiswouldmean1
second on the way up, and one second coming back down.
2) Howhighwouldhisfeetbeabovethe floor, at the peak of the jump?
b) Atwhatspeedwouldtheplayercomecrashingbackdownontothe hard floor?
¢) Issuch ajump plausible?
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13. Hockey players have toreact fast in a face-of . If the ref throws down the puck from
waist-level at 18 feet/sec, how long does it take to hit the ice? How does this
compare to human reaction time?
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14, Denard Robinson has one of the fastest 40-yd times |th an average
speedof18.94 mph. Aswesaidinsection , though, 40-yd times

are often “hand-measured,” and do not include human reaction time as track and field
events do. If an additional 150 ms were added to Robinson’s time, to account for
reaction time, what would his average speed be, in mph?
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15, In Olympic diving, the time onespends inthe airdetermines the num- ber of somersaults
andtwiststhe athlete canattempt. Onthe 3-meter springboard, thediver’sc.m. firstrises
by 1 m, then fallstothe water. Onthe 10-m platform dive, the diver more or less falls
vertically, with very little initial rise.

a) According to your impression, which diver spends more time inthe air?
b) How long is the 10-m platform diver in theair?
¢) How long is the 3-m springboard diver intheair?
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2.1 2.l
16. Referring totable ?? angffigure 22, whatfas Michael Phelps’s average speed on the
backstroke portion of his 2008 400-m medley?
What was his average velocity on that portion?
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17.  Baseball players report that pitches are faster in Denver due to the lower air density
there. Butcan drag really be a noticeable e ect for sucha short flight? In chapter ??, we
will be discussing the e ects of air, but let’s get a feel for these e/ ects right now.
Considera95mphfastball thrown the 60°6° frommoundtoplate. Don’tworryabout
the vertical motion ofthe ball-we just care about horizontal.

a) Ifittravelsatconstantvelocity,howlongdoesittake toreachthe plate?

b) Air drag tends to “decelerate” the ball atabout 32 (or 9.8 m), s2
which is (rather coincidentally) one gee. If we account for drag how long does the
ball’s journey take?

¢) Toget a feeling of whether air drag really matters, compare the dit erence
between youranswersto (a)and (b), withthe time abat takes to crossthe plate. Isthe
di¢ erence betweenyouranswers to (a) and (b)muchlargerthanthistime, muchsmaller
thanthistime,about the same? Toanswerthis question, youneed toknowthat the bat

is typically movingatabout 70mphasitcrossesthe plate and thatthe plate isabout 1°

long.
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18.  Wewillstudyaerodynamic forces in chapter??, butyoualready know that air drag will
slowatable tennis ball speeding through the air. Professionals like J orgen Persson
and fellow Swede Jan-Ove Waldner have had some epic matches. In one, Persson
smashedaballat47mph athisedge ofthetable. By thetimeithadcrossedtothe other
side of the 9° table, it had slowed to 40 mph.

a) Ing’s, what was the acceleration of the ball due to drag?

b) How long did the ball take, to cross thetable?

¢) Howdoes youranswer in (b) compare to typical human reaction time?

d) How muchtimewasadded due tothe airdrag? That is, how much more quickly
wouldtheballhavecrossedthetable,ifithadcontinued at 47 mph onits entire trip?

e) Inorderto have enoughtime toreact, Walder was not standing at the edge of the
table, but 15 feet behind it. Assuming the same acceleration asyoufoundin (a), how
longdoesittaketheballtoreach him, once Persson hit it?

f) Make motion graphcs: sketch the velocity and position of the ball asa function of
time.
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19, In November 2011, Miami Dolphins running back Reggie Bush was fined $7500 for
“excessive celebration” after atouchdown when he pur- posely slid 7 yd in the wet
endzone, coming torestrightin frontofa TV camera. He was moving at 25 ft/s (8.3

yd/s)whenhebegan his slide.

2) What was hisaverage acceleration?
b) How long (in seconds) did his slide last?

Ay =F =24t
Vox = ZT-H—/S
Ve =& (stepped ot end)

G) \/xl: Va:- + Z_Qy A’( — Qy

/‘UK _ - 2.? -F%

b M T Siqeg

P
L=

2 2
‘J,("' ox

= |.6% s

gr-(zsHL)®

2 Ay

Z-(21#t) °

Copyright © 2016 McGraw-Hill Education. All rights reserved. No reproduction or distribution

without the prior written consent of McGraw-Hill Education.

(U

9

pa



42

20. Asclearly as you can, draw x t and-+ t graphs fer a basketball player running the
full length of the court—from one basket to another—at 19 mph for a break-away lay-up,
then, over the course of 1 second, turning around and finally moving back to play defense
under the hoop at 16 mph. You need to put numbers on all axes.
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21, In hisrecord-settingsprintinBerlin,UsainBolt’ssplittimeatthe20- m mark was 2.88

S.
a) Accountingforthefactthathedidn’tstartmovinguntilt=0.146s, duetoreaction

time, whatwashisaverageacceleration inthisinterval?
Giveyouranswerin™  andgee’s.

b) HowdoesthiscomparewithaFordMustang,whichgoesfromOto 60 mphin 5 s?
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22. Ifaraceishegunwithastarting pistol likethe oneinfigure ??, the runner nearestthe
gunmightin principle havean advantage over his peers, since the sound reaches his ears
before itreaches theirs. Topre- venteven this small unfairness, modern meets use a system
of speakers behindthestarting block of each competitor thatsound simultaneously tostart
the race. But does it really matter? Let’s see.

a) Atracklaneis4® wide. Ifthestarterwiththe pistol stands onthe inside of the track
(next to lane 1), then how much sooner does the runner in lane 1 hear the report of a
gun,ascompared tothe runner in lane 9?

b) How does thistime di¢ erence compare with, say, the amount by which world

records are broken?
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