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s, =s wee: Difficulty levels, CP: Cumulative problems incorporating material from earlier chapters. CALEC: F‘rul:ulerns requiring calculus,
DATA: Problems involving real data, scientific svidence, exparimental design, and/or statistical reasoning. BID; Eiosciences problems.

DISCUSSION QUESTIONS

Q1.1 How many correct experiments do we need to disprove a theory?
Flow many do we need 1o prove o theory? Explain,
Q1.2 Supposc you arc asked to compute the tangent of 5.00 meters. Is
this possible Why or why not?
Q1.3 Whin 15 vour height in centimeters? What is your weight in
newtons?
Q1.4 The LLS. National Institute of Standards and Technology (NIST)
mainting several accurmie copics of the intermational standard kilo-
gram, Fven after carcful cleaning, these national standard kilograms arc
caining mass al an average rate of aboot | pefy (y = year) when com-
pared every 10 years or 5ot the standand internatonal kilogram, Does
this apparent increase have any importance? Explain.
1.5 What physical phenomena (other than a pendulum or cesium
clock) eould you use 1o define a time standard?
216 Describe how you could measure the thickness ol a sheet of paper
with an ordinary ruler,
Q1.7 The guantity 7 = 3.14159. .. is a pumber with no dimensions,
since i 1s a ratio of two lengths. Deseribe two or three other geometrical
or physical gquantities that are dimensionliess.
G1.8 What are the units of volume? Suppose anolher student tells
vou that a cylinder of rading - and beight i has volume given by wrh,
Expluin why this cannot be right,
21.9 Three archers each fire four arrows al a targel. Joe’s four arrows
it points that are spread amound i a region that goes 10 cm above,
10 cm below, 10 cm 1o the left, and 10 em w the rght of the center of
the target. All four of Moe's arrows hit within 1 cm of a point 20 cm
from the center, and Flo's four arrows hit within 1 em of the center. The
comtest judge suys thal one of the archers is precise but net accurate, an-
sther archer is accurate but not precise, and the third archer is both ac-
curate and precise. Which description applies to which archer? Explain.
Q1.10 Ts the wector {4+ 4+ k) n unit vector? Ts the wvector
300 — 2070 o unit vector? Justify your answers,
2LIT A circular racctrack has a radius of 500 m. What is the displace-
ment ol a bicyelist when she ravels aroond the rack from the north
ade (o the south side? When she makes one complete circle around the
rack T Expluin,
2112 Can you lind two vectors with different lengths that Bave a vec-
wor sum ol zero? Whal length restrictions are required Tor three veclors
o have o veelor sum of zero? Explain,
2L.13 The ~direction of time” is said to proceed rom past w (utore.
Does this mean that thme is a vector quantity? Explaim.
2114 Ajr traffic controllers give instructions called “vectors™ o tell
sirhime pilots in which direction they are to Iy, If these are the only in-
ructions given, is the name “vector™ used comectly? Why or why not?
2115 Can vou And & vector quantity than has o magnitude of zero but
components that are not zero? Explain. Can the magnitude of a vector
“e less than the magnitude of any of its components? Explain.
Q116 (a) Does it make sense 1o say that o veetor is meparive? Why?
) Proes it make sense to say that one vector is the negative of another?
Why? Does your answer here contradict what you said in part (a)?
Q.17 e =A + B, what must be true ahout the directions and mag-
wiudes of A and B i C = A + 87 What must be true about the dirce-
cons and magnitudes of 4 and B iFC = (0

Ga1.18 If A and B are nonzern veriors, 1'; it possible for ko A Band
A % B 1o be zero? Explain.

Q1.19 What does A - - A the scalar product of a vector with itself, give?
What about A % A, the vector product of a vector with itself?

Q1.20 Let A represent any nonzero vector, Why is A,-"A L unil vee-
tor, and what is its dircction? If & is the angle that A makes with
the +x-axis, explain why {A/A) - T is called the direction casine for
thist axis.

@1.21 Figure 1.7 shows the result of an unacceptable error in the stop-
ping position of a train. If a train travels 890 km from Berin to Paris
atned then overshoots the end of the track by 1.0 m, what is the percent
error in the total distance covered? Ts it correct to write the total distance
covered by the train as B90.000 m? Explain.

21.22 Which of the folliwing are legitimate mathematical opeiistions;
(@) A+ (B—Cltb) (A —B) X Cic) A+ (BXChidiA X (Bx Ck
(e) A% (H- I.'"] ! In cach case, give the reason for your answer.

@1.23 Consider the vector products A X (B % €) and {A X B) % €,
Gives am example that illestristes the general rule thal these two vector
products do not have the same magnitude or dircetion. Can you choose
vectors A, E_. and € such that these twa vector products are equal? I o,
give an example. = . s mo o
@1.24 Show that, no mater what A and B are, A« (A X B) =
{Hine: Do not look for an elaborate mathematical prool. Consider the
definition of the direction of the cross product.)

@1.25 (a) If A+B =0, does it necessarily follow that 4 = 0 or
B = 07 Explain. (b) If A X B =0, does it necessarily follow that
A = Dorff = (17 Explain.

Q1.26 I A =0 for a vector in the ay-plane, does it Tollow tha
A, = —A? What car you say about A, and A7

EXERCISES

Section 1.3 Standards and Linits

Section 1.4 Using and Converting Unitfs

1.1 = Starting with the definition 1 in. = 2.54 cm, find the number of
{a) kilometers in 1,00 mile and (b)) Feet in 100 km,

1.2 #= According to the label on o bottle of salad dressing, the vol-
ume of the contents s 0473 liter (L) Using only the conversions
[L = 1000em’ and 1in, = 2,54 cm, express this volume in cubic
inches.

1.3 == How many nanoscconds does it take light to travel 100 fi in
vacuum? (This resull is a usefu] guantity o remembier)

1.4 #o The densily of pold x 193 g,f’l;:mj', Whal 15 this value in kilo-
grams per cubic meter?

1.5 = How many years older will you be 10 gigasecond from now?
{Assume a 365-day year.)

1.6 # The following conversions occur frequently in physics and are
very useful. (a) Use [ mi = 3280 ftand 1 b = 3600 s to converl 60 mph
to units of /s, (b) The acceleration of a freely falling object is 32 flfscl.
Use 1t = 3048 cm 1o express this acceleration in units of mf:il.
{c) The density of water is 1.0 g/fem’. Convert this density to units of
ke/m®.
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1.7 » A certain fuel-efficient hybrid car gets gasoline mileage of
550 mpg (miles per gallon). (a) If you are driving this car in Europe
and want 1o compare its mileage with that of other European cars, cx-
press this mileage in km/I. (L = liter). Use the conyersion factors in
Appendix E. (b) If this car's gas tank holds 43 L, how many tanks of gas
will you use o drive 1500 km?

1.8 = BIO (a) The recommended daily allowance (RDA) of the tace
metal magnesium is 410 ma/day for males. Express this quantity i
pg/day, (b) For adults, the RDA of the amino acid Tysine s 12 mg per
ke of body weight. How many grims per day should a 75 kg adult re-
ceive? (o) A typical multivitamin tablet can contain 2.0 my of vikamin
B, (riboflavin), and the RDA is (L0030 g/day. How many suech tablets
should a person tike each day Lo get the proper amount of this vitamin,
if he gets none from other sources? (d) The RIYA for the trace clement
sclenium is 0000070 g/day. Express this dose in mg/day.

1.5 =+ Neptunium. In the fall of 2002, scientisis at Los Alamos
Mational Laboratory determined that the critical mass of neptuninm-237
is aboul 60 kg, The eritical mass of a fissionable material is the mini-
smium amount that must be brought together w start a nuclear chain resc-
tion. MNeprunium-237 has a depsity of 19.5 g,s'l:m"'. What would be the
radivs of a sphere of this material that has a eritical mass"!

1.10 e+ B0 Baclerin. Bacteria vary in size, bul a diameter of 20 pm
ie not unusual. What are the volume (in cubic centimeters) and sur-
fuce area (in squarc millimeters) of a spherical hacterium of that size?
(Consult Appendix B for relevant formulas.)

Saction 1.5 Uncertainty and Significant Figures

111 = With a wooden ruler, you measure the length of & reclangular
piece of sheet metal to be 12 mm, With micrometer calipers, you mea-
sure the width of the rectangle to be 5.98 mm, Use the correct number
of significant figures: What are (a) the anca of the rectangle: (b) the ratio
of the reclangle’s width to its length; (c) the perimeter of the rectangle;
{d} the difference between the length and the widih; and (e} the ratio of
the length to the width?

1.12 = The volume of a solid cylinder is given by V = wri where ris
the Facivs and /i is the height. You measore the radivs and height of a thin
eylindrical wire and obtain the results r = 003 cmoand i = 12.1 cm,
What do your measurements give Tor the volume of the wire in mm™?
Use the cifrrect number of significant figures In your answer,

1.13 »= A useful and casy-to-remember approximate value for the
number of seconds in @ yeuar is 7 X 107, Determine the percent error in
1his approximate value, (There are 36524 days in one year)

1.14 = Express each approgimation of o 1o six significant gares: (a) 22/7
and (b1 355/113. (¢) Are these approximations accurate to that precision?

Section 1.6 Ectimates and Orders of Magnitude

1.15 == BIO A rather ordinary middle-aged man is in the hospital for a
routine checkup. The nurse writes “200F on Lhe patient’s medical char bt
forzets (o include the units. Which of these quantities could the 200 plau-
sibly nepresent? The patient’s (a) mass in kilograms; (b} heisht In meters:
{¢) height in centimeters: (d) height in millimeters; (e} age in months,
1.16 » How many gallons of gasoline are used in the United States
in one duy? Assume that there are two cars for every three people, that
cach car is driven an average of [(L000 miles per year, and that the aver-
ape car gets 20 miles per gallon.

1.17 » In Wagner's apera Dus Rheingold, the goddess Frein is ran-
somed for a pile of gold just tall enough and wide enough to hide her
from sight, Estimate the monetary value of this pile. The density of gold
is 19.3 g/om”, and take ils value to be about $40 per gram.

1.18 = BIO Four astronauts are in a spherical space station. (a) If. as
is typical, each of them breathes about 3K e’ of air with each breath,
approximately what volume of air (in cubic meters) do these nsironauts
hreathe in a yvear? (b)) What would the diameter tin meters) of the space
station have to be 1o contain all this aic?

1.19 » You are using water to dilute small amounts of chemicals in the
laboratory, drap by drop. How many dreops of water are inea 1L bortle!?
{Hint: Start by estimating the diameter of a drop of water.)

1.20 » BIO How many times does i human heart heat during a per-
son’s lifetime? How many gallons of blood does it pump? (Estimate thal
the heart pumps 30 e of bload with cach beat.)

Section 1.7 Vectors and Vector Addition

1.21 =e A postol employee drives a delivery wuck along the route
shown in Fig. EL2L Determine the magnitude and dircetion of the
resultant displacement by drawing a scale diagram. {See also Exercise
1.28 for a diflerent approsch.)

Figure E1.21

1.22 s For the vectors A and B Figure £1.22

in Fig. EL.22, use a scale drawing B
to find the magnitude and direction ’
of (a) the vector sum A * B and (b)
the vector difference A — B. Use
your answers W find the magnitude
and direction ol (¢] —A =B and
(dy B — A, (See also Exercise 1.29
For a differcnt approach, b

1.23 #» A spelunker is surveying
a cave, She lollows a passapge 180
mi straight west, then 210 m in a &i-
rection 457 east of south, and then
280 m at 307 east of nonh. Afer a
fourth displacement, she finds her-
self hack where she starcd, Use a scale drawing to determine the mag-
nitude and direction of the fourth displacement. (Sec also Problem 1.57
for a different approach.)

Bil5.0m)

£ LD mb

Cil2nm ]

(A (200 m)

Section 1.8 Components of Veclors

1.24 e= Lel 8 be the angle that the vector A makes with the +x-
axis. measured counterclockwise from that axis, Find angle @ for o
vector that has these componenis: (a) A, = 200 m, 4, = — .00 m:

(hy A, = 20m, A, = Lim; ey A, = —20Hm, Ay = 10D m;
(d) 4, = —2.00m, 4, = —1.00m. o

1.25 & Compute the - and y-components of the veclors A.B.C. and
D in Fig. E122.




1.26 = Vector A is in the dircetion 34.0° clockwise from the —y-axis.
The x-component of A s A, = —16.0 m. (a) What is the v-component
of A7 () What is the magnitude of A7 .

L27 = Vector A has v-eomponent A, = +9.60 m. A makes an angle of
32.0° counterclockwise from the +y-axis. {a) What is the r-component
of A7 (h) What is the magnitude of A

L.28 == A postal employes doves a defivery truck over the route
shown in Fig. E1.21, Use the method of components o determine the
magnitude and direction of her resultant displacement. In g vector-
addition diagram (roughly to scale), show than the resultant displace-
ment found from your diagram 1w im gualitative agreement with the
resill you obtained by using the methed of components.

1.29 » For the vectors A and B in Fig. E1.22, use the method of
components 1o find the magnitude and direction of (a) the vector sum
A + B: (b) the vector sum B + A; () the vector differcnce 4= "
i) the veetor difference B — A.

1.30 = Find the magnirude and direction of the vecior represented by
the fullowing pairs of components: (a) A, = —860cem, A, = 520 cm;
thijd, = —970m. A, = —245m:fc) A, = 775 km A, = =270 km.
131 =+ A disoriented physics professor drives 3.23 km norh, then
220 km west. and then |50 km south, Find the magnitude and direc-
tiom ol the resultant displacement. using the method of components. In
a vector-addition diagram {roughly o scale), show that the resultant dis-
placement found from your disgram is in qualitative agreement with the
result you ohlaimed by using the method of components.

1.22 =& Veclor A has magnitude 800 m and is in the xy-plans at an
angle of 1277 counterclockwise from the Fo—axis [3? past the -|-1 ath
What are the magnitude and direction of vector B if the sum A + B is
in the —y-direction and has magnitude 12,0 m?

1.33 = Vector A is 20 em long and ia GOLG above the c-uxis in the
first quadrant, Vector # is 190 cm long and is 60.0° below the x-axis in
the fourth quadrant (Fig. E1.33). Use components 1o find the magnitde
and direction of (1) A + B: (b} A — F: (¢) B — A, In cach case, sketch
the vector addition or subtraction and show that your numerical answers
arc in gualitative agreement with your sketeh.

Figure E1.33

A (280 cm)

alLie

i a0

B (1.9 em)

Section 1.9 Unit Yectors

1.34 = In each case, find the - and y-components of vector A (a)
A =50 — 635 () A = 1127 = 9915 (c) A = —150f + 22.4;
id) A = 5.08, where B = 4 — 6],

1.35 == Write each vector in Fig, F1.22 in terms of the unit vectors T
and .

1.36 *= Given lwo veclors A = 4007 4 7007 and B = 5000 —
2.007. (a) find the magnitude of each vector; (h) wse unit veclors o wrile
an expression for the veclor difference .ri_— R and (c) find the magni-
tucle and direction of the vector dilference A = . (d) In a vector diagram
show A, B.and A = B, and show tha wour dizgrom agrees qualitatively
with vour answer o part ().
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1.37 »» (3) Wnote each wvector Figure E1.37
in Fig. EL37 in terms of the unit ¥
vectors T and J. (b) Use umit vee- '
tors 1o express vector O, where
C = 3004 = 4.00B. (¢c) Find the
magnitude and direction ol C. i
L2Z8 = You are gmiven two  vec-
wrs A= —3.00 + 6007 and oo 7]
B =7.00f + 2005, Let coun-
terclockwise  angles  be  positive,
(o) What angle does A make wnh the
+x-axis? (h) What angle does B make with the +r-uxis? {i) ‘v’cuur c
is the sum of A and B so € =A + B Whal angle does € make with
the +e-uxis? .

1.39 » Given two vectors A = —2.00i + 3.00] + 400k and
B =3001 + 1. ooj — 300k, (ay fmd the magmitvde ol each veetor:
(b} use umit vectors o write un expression for the vector difference
A = B: and (c) find the magnitude of the vector dilference A—B1s
this the same as the magnitude of B — A7 Explain,

A 360 m)

HiZ4m)

Section 1.10 Products of Vectors

1.40 == (2} Find the scalar prodoct of the vectors A and B given in
Exercise 1.36. (b} Find the angle between these two vectors.

1.41 = For the vectors A, B, and € in Fig. E1.22, find the scalar prod-
ucts (@) A » B (b) B+ Ciic) A C.

1.42 == Find the vector product AXE {expressed inounil vectors) of
the rwo vectors given in Exercise 1.36. What is the magnitude of the
vector product?

1.43 == Find the angle between each of these pairs of vecors:

(a) A =—2007 +600] and B =200i = 3]

(by A =3.007 +500f  and B = 10000 + 6,00

fc) A =—400i + 2007 and B = 7000 + 14.00;

1.44 = Tor the two vectars in Fig. E1.33, find the magniwde and &i-’
rection of {a) the vector product 4 X B: (b) the vector produgt BxA.
1.45 = Tor the two vectors A and D in Fig. E1.22, find the magnitude
and dircction of (a) the vecior product A X D (b) the vertor product
1AL ; ;

1.46 = For the two vectors A and B in Fig, E1L37, find (a} the scalar
prevluct A « B (b)) the magnitude and direction of the vector product
AXH .

1.47 == The vector product of vectors A and B has magniwde 16.0 m*
anil s in the +z-dircetion, If vector A has magnitude 8.0 m and is in the
— w-direction, what are the magnitude and direction of vector B if it has
no _g-compongnt?

1.48 o The angle between two vectors is 0. (a) If § = 30.0", which has
the greater magnitude: the sealar product or the vector product of the
two vectors? () For what value (o values) of # are the magnitdes of
the scalar prowduct and the vector product cqual?

PROBLEMS

1.49 == White Dwarfs and Neatron Stars, Recall that density is mass
divided by volume, and consult Appendix B as needed. (a) Caleulate the av-
crage density of the earth in g/em”, assuming our planet is a perfiect sphene,
ih) In about 5 hillion vears, at the end of its lifetime, our sun will end up as
i white dwarf that has about the same mass as it docs now bat s reduced
to about 15000 km in diameter. What will be it density at that stage?
(e} A meutron star is the remnant of ceriain supemovae (explosions of giant
stars). Typically, newtron stars are about 20 km in diameter and have about
the same mass as our sun. What is a typical neutron star density in g/cin'?
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1.50 =+ The Hydrogen Maser. A maser is @ laser-ype device that
produces electruomagnetic waves with frequencics in the microwave
and radio-wave bands of the cleciromagnetic spectrum. You can use the
radio waves generated by a hydrogen maser as a standard ol frequency,
The [requency of these waves is 1420405751786 hertz. (A hertz is an-
other name for one evele per second.) A clock controlled by a hydrogen
maser is off by only | 5 in 100,000 years. For the following questions,
use only three significant figures. (The large number of significant [ig-
ures given for the frequency simply illustrates the remarkable accuracy
1o which it has been measured.) (a) What is the time for one cycle of the
radio wave”? (b) How many eycles oceur in 1 h? ic) How many cycles
would have oceurred during the age of the earth, which is estimated
(o be 4.6 % 107 vears? (d) By how many seconds would a hydrogen
mser clock be off after a time interval equal 1o the age of the carth?
1.51 == An Earthlike Planet. In January 2006 astronomers reported
the discovery of a planct, comparable in size to the garth, orbiting an-
other star ame having a mass about 5.5 times the earth’s mass. I is Lee-
lieved to consist of o mixture of rock and ice. similar o Neplune. LE this
planet has the same density as Meptune (1.76 g/em’ ). what is its ra-
dius expressed (a) in kilometers and (b} as o multiple of earth’s radius?
Comsult Appendix F for astronomical data.

1.52 see A rectangular piece of aluminum is 7.60 & 0.01 cm long
and 190+ 001 em wide. (a) Find the area of the rectangle and the
upcertainty in the arca, (h) Verify that the tractional uncertainty in the
area is equal o the sum of the ractional uncertainties in the length and
i the width. (This is o general result.)

1.53 = BIO Estimate the number of atoms in your body. (Hint: Based
on what vou know about biology and chemistry, what are the most
comman types of atom in your body? What is the mass of each Lype of
atomn? Appendix D gives the ulomic imasses of different elements. mea-
cured in atomic mass units; you can [ind the value of an alomic miss
unit, or 1 1, in Appeadix E.}

1.54 + BIO Biological tissues ar fypically made up of 985 water. Given
it the density of water is 1.0 % 107 kg/m', estimae the mass of {a) the
heart of an adult burman: () a cell with a diameter of 0.5 o ) u honeyhee,
1.55 == Vcr:mlr A= 30f = 4.0k (1) Construct o unil vector th:gi
is parallel 10 4. (h) Construct a unil vector that is antiparallel o A,
{c) Comstruct two unit vectors that are perpendicular o A and that have
[0 ¥ -COMPUTent.

1.56 #» Three horizontal ropes pull on a large stone stuck in the
ground, producing the vector forces A, B. and € shown in Fig, P156.
Find the magnitude and direction of a fourth force on the stone that will
make the vector sum of the four forees zero,

Figure P1.56

B (800 N)
A 1000 )

£ LN

1.57 w»s As noted in Exercise 1,23, a spelunker is surveying a cave.
She follows a possage 180 m straight west, then 210 m in a direction
45" east of south, and then 280 m at 30° east of north. Alter a fourth dis-
placement, she finds herself back where she started. Use the method
of components to determine the magnitude and direction of the fourth
displacement. Divaw the vector-addition diagram and show that it is in
gualitative agreement with your pumerical solution.

1.58 =se Emergency Lunding. A planc leaves the airpent i Giadisteo
and flies 170 km ot 68.0° cast of norh; then it changes direction to fly
230 km at 36.0° south of cast, afier which 1t makes an immediate ener-
peney landing in a pasture. When the airporl sends Ut @ resCLE Crew, in
which direction and how far should this crew fly to go direetly (o this planc?
1.59 e+ A charged object with electric charge g produces an electric
fiell. The S1 unit Tor electric field is N/C. where M is the 51 unit for
force and C is the S1 unit for charge, If st point P there are electric ficlds
from two or more charged ohjeets, then the resultant el is the vector
sum of the fields from cach object. At point P the electric field E; from
charge ¢y is 430 N/C in the +y-direction, and the electric field E; from
charge g is 600 N/C in the direction 36.59" from the —v-axis oward
the —x-axis, What are the magnitude and direction of the resultant ficld
E= }-."| + E-at point P due o these two charges!

1.60 »= A sailor in a small sailboat encounters shifting winds. She
sails 2.00 ki east, next 3.50 km southeast, and then an additional dis-
tance in an unknown direction. Her final position is 5.80 km directly
cast of the starting point (Fig, PL60Y. Find the magnitude and direction
of the third leg of the journcy. Draw the vector-addilion diagram and
show that it is in gualitative agreement with your numerical solution,

Figure P1.60

STAKT PIXISE
- :
| e——ss0rm—
2,00 km

1.61 »o= BIO Dislocated Shoulder. A patient with a dislocated shouldet
is put into o trction spparius bs shown in Fig. 1"Lo61. The pulls Aand B
have cqual magnitudes and must combine (o produce an outwurd raction
force of 12,8 N on the putient’s arm. How large should these pulls be?

Figure P1.61 1

i

1,62 s#= On a training flight. a  Figure P1.62

studem  pilot lies lrom  Lincoln,

Mebraska, 10 Clarinda, fowa, next 1WA
. ; 1457 kmn

(o 5t Joscph, Missourd, and them W [iiealn gse Clarinda

Manhatian, Kansas (Fig. P1L62). The
dircetions are shown relative W north:
07 is nonh, 907 is east, 180F is south,
and 2707 is west, Use the method of
components to fimd {ay the distance
she Tias o (ly from Manhatan to pet
back 1o Lincoln, and (b the direction
(relative w north) she must Ty 1o get
there. Mustrate your solutions with a
vevtor diagranm.

10 km

NEBRASKA 167"

81, Joseph
Manhatlin
166 kim
N 235

e £

5 OKANSAS  MISSOUR]




1.63 == You leave the airport in College Station and [y 230 km in a
direction 34.0° south of east. You then 1y 46.0 km due north. How far
and in what direction must you then [y o reach a private landing strip
that is 32.0 km due west of the College Stution airport?
1.64 === Getting Back. An explover in Antarctica leaves his sheller
during a whiteout. He takes 40 sieps northeast, next 80 steps at 60°
north of west, and then 50 steps due south. Asswme all of his steps are
equal in length. (a} Sketch, roughly o scale, the three vectors and their
resultant. (b) Save the explorer from becoming hopelessly lost by wiving
him the displacement, caleulated by using the method of components,
that will retuen him to his shelter,
1.65 == Asatest of arienteering skills, your physics class holds a con-
test in a large, open field. Each contestant is told w wravel 20.8 m due
narth from the starting point. then 38.0 m due east, and finally 18.0 m
in 1he direction 33.0° west of south. Afer the specified displacements,
a contestant will find a silver dollar hidden under 4 rock, The winner is
the persun wha takes the shortest time 1o reach the location of the silver
dollar, Remembering what vou learned in class, vou run on a straight
line from the starting point 1o the hidden coin. How Tar and in what
direction do you nun?
1.66 = You are standing on a street corner with vour friend. You then
wavel 140 m due west across the street and into your apartment build-
mg. You wravel in the clevator 22.0 m upward to your floor, walk 120 m
naith 1o the doer of your aparument, wnd then walk 6.0 m due asi 1o
your balcony that overlooks the sirect, Your friend is stnding where
you left her. Mow how far ane you from vour friemnd?
LT == You are lost at night in a large, open Geld. Your GPS rells you
that vou ane 1220 m from vour iruck, in a direction 38.0° cast of south.
ou walk 72.0 m due west along a diteh. How muoch farther, and in what
direetion, must you walk to reach your trick?
L.B8 ==+ You live in a town where the strects are steaight but are in o
variety of directions, On Satrday you o from vour apariment to the
grocery store by driving 060 km due nonh and then 140 km in the
direction 60U west of north, On Sunday you again tavel From your
spartment Lo the same store but this time by driving 0.80 km in the
direction S0P north of west and then in a straight line to the store,
a) How far 15 the store from your apartment? (b} On which day do vou
travel the greater distance, and how much farther do you travel? Or, do
viow travel the same distance on each rowte 1o the store?
1.69 == While following i treasure map, you start at an old ouk tree,
You lirst walk 825 m dircctly south, then twrm and walk 1.25 km ar 30.0°
west of north, and Anally walk 1.00 km at 32.0° north of cast, where
vou find the treasure: a biography of 1saac Newton! (a) To return 1o the
ohd oak tree, in what direction should you head and bow far will vou
walk? Use components o solve this problem. (b) To see whether your
calealation in part (a}is reasonable, compare it with a graphical solution
drivwn ronghly to scale.
L70 == A fence post is 520 m from where you are standing, in a di-
reetion 370 north of east. A second fence post is due south from vou,
How far are you from the second post if the distance between the two
posts 15 O8.0 m?
171 == A dog in an open field rans 120 m east and then 28.0 m in g
firection S0F west of north. In whet direction and how far must the
oz then run to end up 10.00m south of her original starting point?
172 === Ricando and June are standing under o trec in the middle of
= puasture, An arpument ensues, and they walk awiy n ditferent direc-
s Ricardo walks 26.0 moin a dircetion 60.0° west of north, Jane
welbs 16.00m in a disection 3000 south of west. They then stop and trn
fzce each other. (a) What is the distance between them? (b) In what
arection should Ricarde walk to go directly toward Jane?

Froblems 31

1.73 === You are camping with JToc and Karl. Since all three of you like
your privacy, vou don’t pitch your tents close together. Joe™s tent is 21.0m
{rom vours, in the direction 23.0°7 south of east, Karl s tent is 320 m om
yours, in the direction 37.0° north of east. What 15 the distance between
Karl’s tont and Joe’s tem?
1.74 == Rond Angle in Methane. In the methane molecule, CH;,
each hydrogen atom is at a corner of o regular etrabedron with
the carbon atom at the center, In coordinates Tor which one of the
C—H bonds is in the direction of T+ j + &, an adjacent C—H
bond isin the 1 = j = k direction, Calculate the angle hetween these
twis bomads. .
1.75 == The work W done by a constant force F on an object that un-
dergoes displacement 8 from point 1o point 235 W = F-5. For Fin
newtons (N)and s in meters {m), Wis in joules (1. IT, during a displace-
ment of the ohject, F has constant direction &0.0% above the — v-axis
and comstimt magnitude 5.00 N and 8 the displacement is 0800 m in the
+x-direction, what is the work done by the force £7
176 == Magnetic fields are produced by moving charges and exen
forces on moving charges. When o panticle with charge ¢ is moving
with velovily £ in a magnetic ekl B, the force F that the feld exerts
on the particle is given by F = go ¥ B. The $1 units are as follows: For
charge it is the coulomb (C). for magnetic field it is tesla (T, for force
il is newlon E'\-J and for velocity it is m/s. If g = —8500 % 1I0°C. ¢
is 3.00 % 10" m/s in the +x-direction, and & is 5.00 T in the —y-direc-
tion, what are the magnitude and direction of the force that the magnetic
field exerts on the charged particle?
1.77 == Vecwnrs A and B have scalar product —6.40), and their vec-
tor product has magnitude +9.00L What is the angle between these twa
veclors?
178 == Torgue is & vector guantity that specifies the etfectiveness of
a foree in causing the rotation of an aljeet, The torque that a force F
exerts on argid ohject depends on the point where the Torce sets and on
the location of the uxis of rotation. If 7 is the length vector from the axis”®
to the point of application of the force, then the torque is F X F, If Fis
120 N in the —vdirection and if £ is in the xy-plane at an angle of 36°
from the + y-axis toward the —v-axis and has magnitude 4.0 m, what are
the magnitude and dircetion of the wrque exerted by F7
1.79 es Vector A =af — bk and vector B = -} + ik, {a) In
lerms of the positive scalar quantitics a, b, ¢, and o, what are A+ B and
A X B? (b) If ¢ = 0, what is the magnitude of A B and what are the
magnitude and direction of A X B? Does your result for the direction
for A % B agree with the result you get it vou skerch A and B in the
xz-plane and apply the right-hand rule? The scalar product can be de-
scribed as the magnitude of 8 times the component of A that is parallel
1w B. Docs this agree with your result? The magnitude ol the vector
prinluct can be deseribed as the magnitude of B times the compaoneni
of A that is perpendicular to B, Does this agree with vour result?
1.80 *= Vectors A and B are in the xv-plane. Vector A is in the +i-
direetion, and the direction of vector B is at un angle # from the +r-axis
measured toward the +v-axis. (a) If # s in the range (F = 8 = 1807,
for what two values of # does the scalar product A - B have its maxi-
mum magnitude? For each of these values of &, whan is the rn.zﬂmn.uln
of the vector product A X B (b) If # is in the range 0° = # = 180°,
for what valuc of # does the vector product A % £ have iis m.nimum
value? For this value of #, what is the magnitude of the scalar product
A B* ek What is the angle # in the range OF = 0 = 180° for which
A - B is twice [A XB' T
1.81 ¢ Veclor A has initude 120 m. .mr_l vector B has mignitude
16.0 m. The scalar product A = # is 1120 m”, What is the magnitude of
the vector product between these two vectors?




32 CHAPTER | Units, Physical Quantities, and Vectors

1.82 s+ Yector A has magnitude 5.00 m and lies in the rv-plame in a
direction 5307 from the +y-pxis axis messured toward the +y-oxis.
Vector B has magnitude 8,00 mand a direction you can adjust. {a) You
want the vector product A % B 1o have a positive z-component of the
lurgest possible magnitade, What direction should you select for vec-
tor B7 (b) What is the direction of B for which A ¥ B has the most
negative s-compenent? () Whal are the twa dircctions of B for which
A% Bis zern? -

1.83 e# The scalar product ol vectors A and B is +48.0m7, Vector A
has magnitude 9.00 m and direction 24,007 west of south. If vector B has
digection 19.0° south of cast, whit is the magnitude of i

1.84 sss Ohtain a anit veclor perpendicular 1o the two vectors given
in Exercise 1,39, .

1.85 == You are given vectors A = 5.0i — 6.5] and B =351 — 1.0}
A& third vector, €, hes in the xy-plane, Vector C s perpendicular 1o vec-
tor A, and the scakar product of € with B is 15.0. From this information.
find the components of vector c

1.86 s» Two vectors A and B have magnitudes A = 300 and
B = 3.00. Their vector product is A B = =500k + 2000 What is
the angle between A and B?

1.87 »es DATA You are a team lfeader al a pharmaceutical company.
Several technicians are preparing samples, and you wanl o compare the
densitics of the samples (density = mass/volume) by using the miuss
and volume values they have reported. Unfortunately. you did no spec-
ify what units to use, The technicians used a variety of units in reporling
their values, as shown in the following tsble.

Sumple ID Mass Volume

A 800 g 1.67 % 1079 m’
B 6.00 pa 938 % 107 pm’
C .00 mg ol { B A 14 e’

9.00 % 107 kg 281 % 10" mm?

9,00 ¥ 10" ng 141 % 107 mm®

6,00 = 1 * mg 1.25 % 10" pm?

List the sample IDs in order of increasing density of the sample.

1.B8 ess DATA You sre a mechanical engineer working for a manu-
facturing company, Two forees. Fy and £, act on a component part of
a piece of equipment, Your boss asked vou to find the magnitude of the
larger of these two forces, You can vary the angle between F, and F
from O to 90° while the magnitude of cach force stays constant, And.
you can measure the magnitude of the resultant force they produce
[their vector sum), but you cannol direclly measure the magnitude of
cach separate force. You measure the magnitude of the resultant furee
far four angles # between the directions of the two forces as follows:

i Resuliant furce (N)
0.0° 8.00

45.0F 743

A" 700

Q.F 583

{2) What is the magnitude of the larger of the two forces? (h) When the
equipment is used on the procuction line, the angle between the two
furces is 30.0° What is the magnitude of the resuliant foree in this case?

1.89 ss= DATA Navigating in the Solar System. The Mars Polar
Lander spacecralt was launched on January 3. 1999, On December 3,
1999, the day Mars Polar Lander impacted the Murtian surface al high
velocity and probably disinegrated, the positions of the carth and Mars
were given by these coordinates:

x ¥ z
Earth 03182 AL 09329 Al — 00000 AL
Mars 1.3087 Al —{1.4423 ALl —0Li 14 Al

With these coordinates, the sun is at the origin and the earth’s orbit is
in the xy-plane. The carth passes through the +x-axis omee a year on
the autumnal eguinox, the first day of autumn in the northern hemi-
sphere {on or about September 22). One AL or astronontical wait. s
equal to 1.496 = Li¥ k. the average distance from the earth o the
siin. {a) Draw the positions of the sun, the carth. and Mars on Dwecember 3,
1999, {1 Find these distances in AU on December 3, 1999 from (i) the
cun 1o the earth: (i) the sun 1o Mars; (i) the earth to Mars, [c) As seen
froms the earth, what was the angle between the direction 1o the sun and
the dircction o Mars on December 30 195997 (d) Explain whether Mars
was visible from your current location at midnight on Drecember 3,
1999, (When it is midnight, the sun is on the opposite side of the carth
frivm you.)

CHALLENGE PROBLEMS

1.0 see Completed Pass. The football team at Enormous State
University (BSU) uses vector displacements 1o record its plays. with
the origin taken to he the position of the ball before the play starts.
In u certain pass play, the receiver starls al + 1.0F — 3.07. where the
units are yards, i is 1o the right. and J is downficld. Subsequent dis-
placements of the receiver are 44907 (he is in motion betore the snap),
+11,0] (breaks downfield), —6.0F + 4.0F (zigs). and + 1208 + 1807
{vags), Meanwhile, the quarterback has dropped straight buck to a posi-
tiom =7.0]. How far and in which direction must the quarterhack throw
the ball? iLike the couach, vou'll be well advised 1o dingram the situation
hefore solving this numerically.]

1.91 ==+ Navigating in the Big Dipper. All af the stars of the Big
Dipper (part of the constellation Ursa Major may appear 1o be the
came distanee from the carth, but in fact they are very fur from each
uther. Figure PL91 shows the distances from the earth 1o cach of
these siars. The distances are given in lght-years (ly), the distance
Uhat light fravels in one year, One light-year equals 2461 = L% m,
(a1 Alkaid and Merak are 25.67 apart in the carth’s sky. In a diagram,
show the relative positions of Alkaid, Merak. and our sun. Find the
distance in light-years from Alkaid o Merak. {b) T an inhabitant of
a planet orbiting Merak, how many degrees apart in the sky would
Alkaid and our sun be?

Figure P1.91
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G215 From the wp of a wll building, you throw one ball steaight op
with speed iy and one ball straight down with speed e, (2} Which ball
bas the greater speed when it reaches the ground?! (hy Which ball gets
o the ground first? (o) Which ball has a greater displucement when it
repches the ceound’? (dy Which ball has traveled the greater distance
when it hits the ground?

Q2,20 You run due east al o constanl speed of 3000 m/'s Tor u distanee ol

120080 moand then confinue runming east al 2 constant speed of 500 m/s
for another 12000 m. For the ol 2400 m mun, is your average velocity
00 my's, greater than 4.00 my's. or less than 4.00 m/s? Explain.

G221 An object is thrown straight up into the air and feels nooair re-
sistanee, How cun the object have an seceleration when it has stopped
mieving at its highest poine?

02,22 When you drop an object fiom a cemtain height, it takes tme T o
reach the grouncd with ne air resistance, I1 yvou dropped it from three Gmes
that beight, how long (i torms of 1) would i take to reach the ground?

EXERCISES

Section 2.1 Displacement, Time, and Average Velocity
21 = A ar travels in the +x-direction on a straight and level road,
For the first 406 s of its motion, the average velocity of the car is
Uy = 025 m/s, How far does the car travel in 4,00 57
2.2 #= o an experiment, a shearwater G scabird) was taken from is
nest. Flown 31300 kimaway, and released, The bird found its wiay back
o its nest 13,5 days afer release, IF we place the origin at the nest and
eatend the +a-axis o the release point, what was the bird's average ve-
Iogity inomy's () For the retarn Clight and (b)) For the whole episode, Trom
leaving the nest Lo returming?
2.3 =& Trip Home. You normally drive on the freeway between San
Diego and Los Angeles at an average speed of 105 kD (65 mi/h, and
the g takes | hoand 50 min, Onoa Frdoy aflermoon, however, heavy
traffic slows you down and vou drive the same distance ar an average
specd of only 70 kb (43 mi/h). How much longer does the trip take?
9 2.4 == Prom Pillar to Post. Stariing Irom s piflar, you ron 2000 m east
e +e-direction) al an average speed of 5.0 m/s and then ran 2800 m
west at an average speed of L0 my's woa post. Calowlate (a) vour aver-
agze speed from pillar to post and (h) your avernge velocity from pillar
t post,
2.5 = Starting from the front deor of a ranch howse, vou walk 600 0
fue cast to @ windmill, twm around, and then slowly walk $0.0 m west
o a beneh, where vow sit and walch the sunrise. [0 lakes you 280 5
toowalk from the house to the windmill and then 36.0 s 1w walk from
the windmill to the bencl, For the entire trip from the front deor to the
sench, what are your (ab average velocity and (b average speed?
2.6 #»= A Honda Civic travels in a staight line along a road. The car’s
Sstanee v From @ stop sign is given as a function of lime ¢ by the equa-
pon x(r) = ar® — BY, where @ = 150 m/s’ and @ = 0.0500 m/s’.
Calculate the average velocity of the car for each time interval: (ayr = 0
op =2 s by = Doy = 4K s (e = 200 s = 4005,

section 2.2 Instantancous Velocity
—— 2.7 = CALC A car is stopped a1 a walfic hight, [t then travels
slong a sraight road such that its distance rom the light is given
v(t) = b" —or', where b= 240m/s" and e = 0120 m/s’,
20 Caleulate the average velocity of the car for the lime interval ¢ = {)
vr= LD s (b Caledlare the instantaneons velocity of the car ot
=0, r =505 and + = 1005, 1c) How long atter starting (rom rest
< the car again at rest?
28 = CALCA bird is Mying duc cast, Tis distance from o tall building
given by x{f) = 28.0m + (124 m/s)r — (00450 st What is
S instamtaneous velocily of the bird when r = 5.0 7

Problems 59

2,8 = A hall moves in g straight
line {the sx-axis)h The graph in
Fig. E29 shows this ball’s velocity

Figure E2.2

U, sy
as i function of tme. () What are _J._u!

the ball’s average speed and aver-

age velocity during the Gra 30 50 20 :
(b Suppose that the ball moved in L0
such a way that the graph segment
after 20 s was — 3.0 my's mstead of
+30mys. Find the ball’s average
speed and avernze wvelocity in this
Case.

2,10 = A physics professor leaves her house and walks along the
sidewalk toward campus. After 5 min i starls w rain, and she returns
home. Her distance Trom Ber house as a lunetion of tme 15 shown
in Fig, E2.10. A1 which of the labeled points s her velocity (ah zero?
b} constant and positive? (c) constant and negative? (d) increasing in
magniude? {e) decreasing i magnitede!

-
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201 e A pest car travels inoa
straight line along the v-axis. The
araph in Fig. E211 shows the car's 0
position 1 as a function of time. 10
Find its instantancous velocity at - 5 |8
points A throogh G ]

01 34587 10
£ {15

Section 2.2 Average and Instantaneous Acceleration

2.12 = Figure FEL12 shows the velocity of a solar-powered car as a
function of time, The driver accelerates from o stop sign. cruises for
200 s a o constant speed of 60 km/h, and then brakes 10 come 1o o slop
A0 s alter leaving the swop sign, (a) Compute the average aceelera-
ton durng these fime intervals: (i) = 0w r = 1W0s (i) = 305 1w
t=40s i = Wseor = s vt = D10 =M s ibh) Whal 15
the instantaneous secelertion al f = 205 and a0 = 3557

Figure E2.11
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60 CHAPTER 2 Molion Aleng 2 Straight Line

I
i ey

L}
——513/s CALC A turile crawls along o straight line. which well

cillthe x-axis with the positive direction to the right. The cejuation
for the lurte’s position as a function of fime 15 xfr) = 30.0cm +
(200 em/s)e — (LGS em/s 1% (a) Find the wrle'’s mitial veloecily,
initial position, and initial aceeleration. (b} AL what time 1 is the velocity
af the turile zero? (¢) How long after starting does it take the turle to
Felrn 1o its starting point? {dy At what times £ is the purthe i distance of
1.0 e from its starling point? What is the velocity {magnituce and di-
rection of the tunle at each of those limes? (e) Skeich graphs of v ver-
sus £, 0, versus ¢, andd e, versus & for the time imerval 1 = Otor = 40 s
314 se CALC A race car starls from rest and travels cast along a
straight and level track, For the first 5.0 5 ol the car's motion, the east-
ward component of the car’s veloeity is given by o) = (0560 m/s "
What is the aeceleration of the car when v, = 120 m/s?

215 » CALC A car’s velocity as a function of time is given by
wlt] = o+ ,Br:. where a = 30m/s  and 8= 100 s
1) Caleulate the average acceleration for the time interval © = 0 1
¢ = 50004 (by Caleulate the instantaneous aceeleration for ¢ = 0 and
f = 5005 (e} Draw v and a,-r graphs for the car's motion hetween
po= Dandr = 5005

316 » Anustronaut has left the International Space Station to test a new
space scooler Her parmer measures the tollowing velocily changes, cach
taking place in a 105 interval, What are the magmitude. the algebraic sign.
and the dircetion of the average acceleration in cach interval? Assume
that the positive divection is t the right, (a} Al the heginning of the inter-
val. the astromaul is moving toward the dght along the v-axis al 15.0 m/s,
and at the end of the interval she is moving toward the right a1 5.0 m,s.
(b Al the beginming she 15 moving toward Lhe Jelt at 00 m)s, and o the
end she is moving toward the leftat 15.0 m/s. (¢} Al the beginning she is
mowing toward the right at 15.0 m/'s, and at the end she is moving toward
the leftm 15.0 m)s,

3.17 #s CALC The position of the [ront bumper of a lest car under
microprocessor control is given by x{r} = 117 m + (480 m/s e -
{0100 /s (a) Find its position and acceleration ot the insLunLs
when the car has zero velocity, (b D x-r, v, and a,~f graphs for the
metion of the bumper between 1 = ODand r = 2005,

Section 2.4 Motion with Constant Acceleration

218 = Esiimate the distance o fect that your car travels on the en-
trange ramp Lo a leeway as it uecelerates from 30 mph w the freeway
speed of 70 mph, During this mation what 1s the average acceleralion
of the car?

—2.19 == Apantelope moving with constant acceleration covers the dis-

tance herween two points 700 moapart in 6,005, Lis speed a5 11 passes
the second point is 15.0 m/s, What are {a) its speed at the [rst proint and
ihits aceeleration?

2 20 e A Tennis Serve. In the fastest measured Lennis serve, the badl
left the racguet at 73.14 m/s. A served tennis ball i typically in con-
tzict with the racquet for 30.0 ms and stants from resl. Assume constant
acceleration. (a) What was the ball’s acceleration during this serve?
(B How far did the ball trave] during the serve!

221 » A Fast Piteh, The fastest measared pitched baschall efl the
pitcher’s hand at a speed of 43.0 s, I the pitcher was in contact with
ihe ball aver a distance of 1,30 m and produced constan secelerition.,
ra1 what acceleration did be give the hall, and (by how much Bime did it
Lake him o pitch i?

2.92 e You gre traveling on an interstate highway al the posted speed
limit of 70 mph when you sce that the waffic in front ol you has stopped
due o ap accident up ahead, You step on your brakes 10 slomy down as
quickly as possible. (2) Estimate how many seconds 1L takes you to slow
down 1o 30 mph. What is the magnitude of the average aceeleration ol
the car while it is slowing down? With this same averge acceleration,

by how muoch longer would it take you Lo stap. and (¢} what 1otal dis-
lance would you travel from when you first apply the brakes uniil the
cir stops!

223 ss BIO Automobile Airbags. The human body can survive an
seceleration trauma incident (sudden stop if the magnitude of the ac-
celeration is Tess than 250 m/s%. If you are in an automobile-accident
with an initial speed of 105 km/h {63 mi/h) and are stopped by an air-
bag that inflales from the dashboard, over whal minimum distance m0st
the airhag stop vou (or you 1o survive the crash?

2.24 » Entering the Freeway, & car sils un an enlrance mmp (o
freeway, waiting For a break in the tralfic. Then the driver accelerates
with constnt acceleration along the ramp and onto the freeway. The'
cur stants from fest, moves in a siraight ling, and has a speed ol 20 ms
(45 mi/h) when it reaches the end of the 120-m-long rmp. (a) What is
e acceleration of the car? (h) How much time does it take the car o
wavel the length of the ramp? {e) The raflic on the [reewsy 15 moving
at a constant speed of 20 s What distunce does the traffic travel while
the car is moving the length of the ramp?

375 s BIO Airbag Injuries. During an auto sccilent, the vehicle's
airbags deploy and slow down the passengers more pemly than if they
had hit the windshield or steering wheel, According to safety standards,
airbues produce o maximum aceeleration of 60g thar lass Tor only
36 s Cor less ), Flow far (in meters) does a person travel in coming (o a
complete stop in 36 ms sl constant peceleration of 60g?

2 26 se A cot walks in a straight ling, which we shall call the x-axis,
with the positive direction (o the fght. As an ohservant phivsicist, you
make measurements of this cat's motion and construct @ eaph of the
[eline’s velocity as a function of time (Fig. E2.260. (1) Find the cat’s
velovity at + = 40 s and al ¢ = .05 (b) What is the cat’s acceleriion
air = 30st At = 60s? Al = 7057 (¢) Wh distance does the cal
move during the first 4.5 57 From ¢ = Do = 707 d) Assuming that
the car started al the origim, sketch clear graphs of the cat’s acceleration
and position as functions of time.

Figure E2.26
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297 » BIO Are We Martians? It has been suggested, and not face-
fipusty, that life might have vriginated on Mars and been carried 1o the
carth when o meteor hit Mars and blasted picces of rock (perhaps con-
waining primitive life) free of the Martian surface. Astronomers know
ihat many Martian rocks hive come to the eanh this way. {For instunee,
cenrcht the Internet for “ALH §4001.7) One ohjection o this idea s that
microhes would Tuve had 10 underga an enarmous lethal acceloration
during the impact, Let us investigate how large such an acceleration
might be. To escape Mars, rock frgments would have to reach its s-
cape velocity of 3.0 km/s, and that sweould most likely happen over a
distance of about 4.0 m during the meteor impact. (2) What would be
e acceleration (in m/s” and £'s) of such a rock fragment, if the ac-
celeration is constant? (h) How long would this aceelerion last?icy In
teste, seientists have found that over 4% of Hacilles subtilis bacteris
survived after an acceleration of 450.000g, In light of your answer 1o
part {a), can we rule out the hypothesis that life might have been blasied
from Murs to the earth?




228 » Two cars, A and B, move
along the v-axis, Figure E2.28 is a
eraph of the positions of A and B ver-
s lime. (a) In motion diagrams (like
Figs. 2.130 and 2. 14b), show the posi-
tion, velocity, and scecleration of each
of the two cars at = 0, 1 = 1 5 and
£= A5 by AL whae timeis), i any,
doc A and 8 have the same position?
(e Graph wvelocity versus tme for
both A and B. (d) AL what timeisy, if
any. do A and & hive the same velocine?
fe) A what timersh if any, does car A
pass car BT (E) AL what timets), i any,
does car M pass car A7 )
2.29 #»= The graph in Fig. E2.29 :'“|
shows the velocity of o motoreyele A

Figure E2.28
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Figure E2.25

voimys)

i T a0 |
police officer plotied as a lunction i ;“

A i ; ki
of tme. (1) Find the instantanceouos /

acceleration at £ = Js 1 = T4, and
r=11x% {by How far does the offi-
cer go an the first 5 57 The first 9 57
The first 13 57

2.30 o= A small block has com-
stam acceleration as it shdes down
2 fmctionless incline. The block is i
released from rest ar the wop ol the
meline, amd s speed after it has
raveled 8,80 m to the bottom of the incline is 380 m/s, What is the
speed of the block when i1 35 3,40 m from the top of the incline?

231 me ay IF a0 Clea can jump straight up o a heigho of (0,440 m,
what is ils initial speed as i leaves the ground? (b) How long is it in
the air?
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232 == A small rock is thrown vertically upward with a spesd of

20 m/s from the edge of the rool ol a 30.0-m-1all building. The rock
focsn’t hit the building on its way back down and lands on the streer
Selow Lanore air resistance, (a) What is the speed of the rock just belore
© hits the street? (b)) How much time elapses from when the rock is
Srown until it hits the street?

section 2.5 Freely Falling Objects
233 = A jugaler throws a bowling pin straight up with an initial speed
7520 m/s. Mow much fime elapses until the bowling pin returns to the
mzaler’s hand?
== You throw a glob of puity siright up toward the ceiling,
is 300 m above the point where the putty leaves your hand,
The initial speed of the putty as it leaves vour hand s 950 m/s.
20 What is the speed of the putly just before it strikes the ceiling?
o0 How much time from when it leaves vour hand does ir ke the
ity to reach the ceiling?
S35 = A qennis ball om Mars, where the aceeleration due to grav-
Do (U379 and air resistance is negligible, is hit directly vpward
= returns o the same level 8.5 s later. (a) How high above ity origi-
mal point died the ball gof (b) How fast was it moving Just after it
a5 hit? el Skeich graphs of the ball’s vertical position, vertical
slocitv, and vertical acceleralion as functions of time while it in
wo Martian air,
~25 #e Estimate the maximuwn beight in feet that vou can throw @ base-
=0l siraight up. da) For this beight, how long after the ball leaves your
wand does i retam 1o your band? (b) Extimane the distance in feet that the
sl moves while you are throwing it—that is, the distance From where
= Bl is when you start vour throw until it leaves your hand. Caleulae
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. - § - v “ .
the sverge acceleration in my/'s” that the ball has while it is being thrown,
as 1 moves from rest to the point where il leaves your hand.

=237 == A ock is theown straight up with an initial speed of 24.0 /s,

Negleet air resistance., (1) AL r = Ls, what are the directions of 1he
velocity and acceleration of the rock? Is the speed of the rock increasing
or decreasing? (by Ar ¢ = 305, whal are the directions of the veloc-
iyl peceleration of the rock? 15 the speed of the rock increasing or
decreasing?

2.38 == A bwrick is dropped (eero indtial speed) from the roof of a
building. The brick strkes the ground in 190 s. You may ignore air
resistance, so the brick is in free fall (2) How tall, in meters. is the
building? th) What is the magnitude of the brick's velocity just before it
reaches the grownd? (c) Sketeh g -1, v and v-r graphs for the motion
ol the brick,

2.39 =0 A Simple Reaction-Time Test. A meter stick is held verti-
cally above your hand, with the lower end hetween your thumb and s
fnger. When vou see the meter stick released, you grab it with those
two [ingers. You can calculale your reaction time from the distance
the meter stick fulls, read directly from the point where your fingers
grabhed i1 (a) Derive a relationship for your reaction time in teoms of
this measured distance, o, (h) If the measured distance is 17.6 oo, wha
is your reaction 1ime?

2.40 #» Touchdown on the Moon.
A lunar lander is making its descent
Moon Base T(Fig, E2.40), The lander
descends slowly under the retro-thrust
of its descent engine. The engine is cul
off when the lander is 5.0 m above the 1
surfuce and has o downward speed of _Hiil
0.8 my/s. With the engine off, the lander - o
is in free fall. What i the speed of the T

lander just before it touches the sur-
Laee? The seeeleration due o gravity i
o the moon is L6 m/s",

2.41 #»¢ Launch Failure, A 7500 kg
rocket blasts oft vertically  from
the launch pad with a constant upward acecleration of 2,23 m/s
and feels no appreciable air resistance. When it has reached a
height of 525 m, its engines suddenly lml: the only force act-
ing on il 35 now gravity, (a) What s the maximom height this
rocket will reach above the launch pad? (b) How much time will
clapse after engine lailure before the rocket comes crashing down
to the launch pad, and how fast will it be moving just before
it crashes? (e Skelch a-ro vt and ver graphs of the rockel's
muotion from the instant of blase-off
to the instant just belore i strikes the
fannch pad.

242 #» A hot-gir  balloonist,  vising
vertically with o constant velocity. of
magnitude 300 m/s. releases a sandbag
al an instant when the balloon is 4000
m ghove the ground (Fig. E2.42). Aler
the sandbag is released. it is m free fall,
() Compute the position and velocity of
the sandbag at 025005 and 10D s alwer ity
telease. (b How many seconds afier its
release does the bag sirike the ground?
1e) With what magnitude of velocily
does it strike the ground? (d) What is the
greatest height above the ground that the
sandbag reaches? {e) Skech a1, 11,
and v-r graphs tor the motion, '

Figure E2.40

Figure E2.42
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=5 4% « You throw o rock steaight up and find tha it reoms o your
hand 3.60 s afier it left vour hand. Neglect air resistance. Whal was the
maximum height shove your hand that the rock reached?

2.44 » An eag is thrown nearly vertically upwiril [Tom @ point near
the comice of a tall building. The egg just misses the cornice on the way
down and passes o point 30,0 m below its starting point 5.00 s atier 1
leaves the thrower’s hand, lgnore air resistance. (i) What 15 the initial
speed of the egg? (b) How high docs it rise above its starting point?
(] What is the magnitude of its velocity at the highest point? id) What
are the magnitude and direction of its aceeleration at the highest point?
(¢ Sketch @, -1 v,-2, and v-t graphs for the motion of the ezg.

2.45 se A 13 ke rock is dropped from rest on the carth and reaches the
ground in 1.75 5. When it is dropped from the same height on Satum’s
catellite Enceladus. the rock reaches the ground in 18.6 5. Whal is the
acceleration due to gravity on Enceladus?

2.46 = A large boulder is gjected vertically upward from a voleano with
an initial speed of 40.0 m/s, lgnore air resistance. {a) AL what time alter
heing cjeeted is the boulder moving 0.0 my's upward? (b AL wha time
is it moving at 20,0 m/s downward? {c) When is the displacement of the
boulder from its initial position zero? (d) When is the velocity of the bhoul-
der zero? (¢} What are the mugnitude and direction of the acceleration
while the boulder is (i} moving upward? (i) Moving downward? (iii) At
the highest point? (1) Skeich a,-f, vyt and y-1 graphs for the motion.

2 47 e You theow a small pock stesebt up from the edge of a highway
bridge that crosses o tiver, The rock passes you on its way down, A.00 5 afler
it ws thrown. What is the speed of the rock just befire it reaches the water
25,0 m below the point where the rock left your hand? Ignan: oir rEsistance.

Section 2.6 Velocily and Position by Integration

548 s Consider the motion deseribed by the - graph of Fig. E2.26.
{ay Caleulute the area under the graph between ¢ = 0 and £ = 6.0 s
(b For the time interval 1 = Do = 6.0 5, what is the magnitude of the
wverage veloeity of the cat? (e} Use constant-acceleration equalions L
calieulare the distance the cat travels in this ime interval. How does your
result compare o the avea you caleulated in part fa)?

~2.49 « CALC A rocket stacts rom rest and moves upward from the

surface of the carth. For the first 1040} s of its motion, the vertical ac-
celeration of the rocket is given by a, = [2.80 m/s" ), where the
+y-dircetion is upward. (a) What is the height of the rocket above the
surface of the carth at ¢ = 10,057 {b) What is the speed of the rocket
when i is 325 m above the surface of the earth?

2 50 se CALC A smull object moves along the r-axis with accelera-
lon adt] = —f{].03’31]n1.’.‘":'][15.t}5 — 1) AL 1= 0 lhe abject is al
= — 140 m and bas velogity ty, = 800 m/s What is the x-coondinate
of the ohject when 1 = 10.0 57

251 ss CALCThe acceleration of a motorcycle is given hy
at) = At — B, where A = L50m/s" and B = 0.120 m/s*. The
motoreycle is at rest at the erimn at time ¢ = (0. (a) Find its peosition and ve-
locity as [unctions of time, (b) Calealate the maximum velocity it attains.
72 52 ss CALC The scceleration of a bus is given by ) = af, where
o= L.2m/s. (ay IE the hus's velecily at time ¢ = 10s is 5.00m/s
what is its velocity at time ¢ = 2.0 7 (h) If the bus’s position at tme
= 1.0sis 6.0 m, what is its position at ime 1 = 2.057 (c} Sketch a,-,
vyt and -1 graphs for the maotion.

PROBLEMS

2.53 = BIO A typical male sprinter can maintain his maximum accel-
cration for 2.0 5, and his maximum speed is 10 m/s. After he reaches
this maximum speed. his aceeleration becomes zero. and then he runs at
constant speed. Assume that his acceleration is constant during the first

30} s of the race. that he starts from rest, and that he runs in a straight
line. o] How far has the sprinter run when he reaches his maximuimn
spoed? (b What is the magnitude of his average velocily for a race of’
these lengths: (i) 5000 m: (i) LD o diiip 200,40 m?

2.54 = CALC A lunar lander is descending toward the moon’s surlace.
Until the lander reaches the surface, its height above the surface of the
meon is given by v(r) = & — o 4 4 where b = B00 m is the initial
height of the Tander above the surfuce, ¢ = 60.0 m/s and o = 105 s,
(1) What is the initial velocity of the lander, a1 = O (b Whae is the
velocity of the lander just before it reaches the lunar surface”

2,55 sss Farthquake Analysis. Eartbguakes produce soveral  Lypes
of shock waves. The most well known are the P-waves (P for primary or
pressare) and the S-waves (5 for secondary of shear). n the carll’s erust,
Powaves travel al about 6.3 kmy's and S-waves move al aboul 3.5 ks
The time delay between the aival of These two waves al spismic record-
ing station tells gealogists how Far away an earthguake occurred, 17 the time
detay is 33 5, how far frum the seismic station did the carthouake pocur?

2 56 s= You throw a small rock straight up wilh initial speed Vy from
the edpe of the rool of @ building that is a distance /7 shove the ground.
The rock travels upward 1o a maximum height i dme T misses the
cdge of the roof on its way down. and reaches the ground in time Ty
after it was thrown, Neglect air resistance. If the total time the rock is in
the air is three times the time it takes it o reach ils masunum height, su
Tl = 3T then inrerms of A what must be the value of ¥y?

257 wes A rockel corrying a satellie is accelerating straight up from the
eurtlt's surface. AL 115 s after iftolf, the rocket clears the top of its launch
platform, 63 m above the ground. After an additional 175 s, itis LOO km
ahove the ground, Caleulate the magnitude of the average velocity of the
rucket for (1) the 4.75 s pant of its [Tight and (b the first 5.90 5 of its [hght
758 s» A block moving on i horizontal surface is at v = O when
¢ = 0and is sliding east with 4 speed of 120 m/s. Becanse of a net force
acting on the block. it has a constant aceeleration with direction west
and magnitude 240 m/st. The block travels cast, slows dow, Teverses .
direetion, and then travels west with increasing speed. () Al what value
of 1 is the block again at x = 02 (b1 What is the maximum distance
st of © = 0 that the rock reaches, and how long does it take the
rock to reach this point?

2.59 s A block is sliding with constant acceleration down an incline.
The block starts Irom rest at ¢ = 0 and has speed 300 m/s alter it has
wraveled a distance 800 m from its starting point. () What is the speed of
the block when it is i distance of 16,0 m from its ¢ = O siarting point? (b)
How long docs it take the block to slide 16.0 m from its staning point?
2,60 see A subway imain starts from rest al o stuion and accelerates
at o rate of 160 m/s® for 14.0 5. It runs al constant speed for T0.0 5 and
slows down al a rate ol 3.50 m;/'s® until it staps at the next station. Find
the fover distance covered.

2.61 = A gazelle is running in a straight line (the v-axis). The graph in
Fig. P2.61 shows this animal’s velocily as 2 function of time. During
the first 12.0 s, find (a3 the wial distance moved and (b) the displace-
ment of the gazelle. (e) Sketeh an a,-r graph showing this guvelle’s
accelermion as a function of tme for the first 12,05,

Figure P2.61 i, m/sh
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2.62 # Collision. The engineer of a passenger frain taveling ot
25.00m/'s sights o freight trmin whose caboose is 200 m ahesd on the
same track (Fig, [2.62). The freight train is traveling at 15.0 m/s in the
same direction as the passenger train. The engincer of the pussenger
train immedistely applies the brakes, covsing o constant scceleration
of 0.100hm/s” in a direction opposite to the rain’s velocity, while the
freight train comtinues with constant speed. Take x = O at the localion
of the front of the passenger train when the engineer applies the brakes.
(20 Will the cows nearby witness a collision? (h) 1F so, where will it tnke
place? (¢) On o single graph, sketeh the positions of the front of the pas-
senger train and the back of the freight train.

Figure P2.62
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263 ses A byl stars From rest and rolls down a hill with uniform ae-
czleration, traveling 200 m during the second 5.0 s of its motion, How
o did it roll during the first 5.0 5 of motion”?
284 e A pock moving in the +r-direction with speed 16.0 m/s has a
==t foree applied to it at time ¢ = 0, and this prodoces a constant aceel-
sration in the —y-direction that has magnitude 4.00 m/s*. For what three
cmezs ¢ after the Toree is applied is the rock a distance of 24.0 m from its
csttion at ¢ = (7 For cach of these three values of ¢, what 15 the velocily
=agmitude and direction}t of the rock'!
5o A cur and o troek stan S rest at the same instant, with the
ces mitially at some distance behind the truck, The ruck has a constant
celeration of 2,100 m/s”, and the car has an aceeleration of 3.40 m/s".
The car overtakes the truck alter the truck bas moved 600 m. (a) How
sch time does it take the car o overlake the truck? (b) How far was
= car behind the truck indtally? (e} What is the speed of cach when
oy are abreast? (d) On o single grapl, skeich the position of each vehi-
= a5 a Tunction of nme, Take v = Oat the imnal location of the tck.
B8 e You are standing al est al a bus stop, A bus moving af a con-
amt speed of 3.00 m/s passes you, When the rear of the bus is 2.0 m
st voln, you realize that i1 your bus, so you start 1o ron toward icwith
2 constunt acceleration of 0,960 111_.-’53, How Tar would you have o mun
sefore vou cateh up with the rear of the bus, and how fast must vou be
sming then? Would an average college student be physically able o
mplish this?
8T == A sprinter runs a 100 m dash in 12.0 s, She stars from rest
5 a constant acceleration a, for 3.0 s and then runs with constant
==d for the remainder of the race. What s the value of o, ?
© 58 »» CALC An object’s velocity 1s measured 1o be v (r) = o — ﬁr:.
e = 400 m/sand § = '_".I:Jlllm_.-’ﬁ}..-’ﬁ.tr = () the objectisatx = (b
Calculate the object’s position and acceleration as functions of ime.
What is the ebject’s maximum pasirve displacement from the origin?
S ES es CALC An object is moving along the x-axis. AL = (1L 15 at
= 0L s p-component of velocity ¢, us a funetion of time is given by
= af — {_1':3, where o = 8.0 m/s? amd A =40 m/st () A what
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nonzero time 1 is the ohject again at x = 07 (b At the time calcolated in
part da). what are the velocity and acceleration of the olject (magnitude
and direction)?

370 e Egg Drop. You are on the
roof of the physics building, 46.0 m
above the ground (Fig, PLTO). Your
physics professor, whe is LA m wll,
is walking alongside the building al
g constant speed of 120 m/s. IF you
wish to drop an egg on your profes-
sor's head, where should the profes-
sor be when you release the ega?
Assume that the egg is in free [l
2,71 wea CALC The acceleration
of o paricle a5 given by a (1) =
=200 m/s + (3.00m/s ) L)
Find the initial velocity ry, such that
the particle will have the same -
coordimte wt 7 = 4005 as 1 had o
1= (0 (b What will b the velocity atr = 4.00 57

2.72 == A small rock is thrown straight up with initial speed ©y from
the cdge of the rool of 4 building with height f. The rock wavels up-
ward and then downward 1o the ground at the base of the building, Let
=y be upwarnd, and neglect air resistance. {a) For the rock's motion from
the oot to the ground., what 15 the vertical component @, of 115 aver-
age velocity? 1s this quantity positive or negative? Explain, (b) Whn
does your expresston [or ey, give in the limit that ff is zero? Explain,
(e Show that your resull in part (a) agrees with Eqg. (2.10).

2.73 »o Avwatermelon is dropped from the cdge of the roof of @ build-
ing andd falls 1o the ground. You are standing on the sidewalk and see
the watermelon falling when s 3000 m above the ground, Then 1,50 5
after you first spot it the watermelon lands at vour feet, What s the
height of the building? Neglect air resistance. .
2.74 eee A flowerpol Falls off & windowsill and passes the window
of the story below. Ignore air resistance, It takes the pot (L3805 10 pass
from the wop o the botlom of this window, which is 1.90 m high. How
faris the top of the window below the windowsill from which the Flow-
crpot fell?

2.75 wee Look Out Below, Sam heaves a 16 b shot straight up, giv-
ing i g constant upward acceleration from rest of 350 m/s” tor 6.0 cm.
He relewses 10 220 m above the rround. Tenone air resistance, (i) What
is the speed of the shot when Sam releases 17 (b) How high above the
ground does 11 go? (o) How much time does he have to get out ot its way
before il returns W the Beight of the wp of his head, LEF m above the
around?

2.76 #=s A Multistage Rocket. In the first stage of a two-stage
rocket, the tocket is fired from the lwnch pocd starting from rest bue
wilh a constant acceleration of 3.50 m/s” upward. At 25.0 s after launch.
the second stage fives for 1.0 5, which boosts the rocker’™s velocity to
1325 my's wpward at 35.0 s after lounch, This firing wses up all of the
fuel. however, so after the sccond stage has finished fnng. the only
force acting on the rocket is gravity. lgnore air resistance. (a) Find the
masimum heighe thae the stge-two rocker neaches above the launch
pad. (b1 How much time after the end of the stage-two Rring will it take
fior the rocker 1o fall back o the launch pad? (¢} How fast will the stage-
two rocket be moving just as i repches the laooch pad™

2.77 »» Two stones are thrown vertically upwand from the groumd, one
with three times the initial speed of the other. (up IF the faster stone lakes
10 % g petrn to the grownd, bow Tong will it ke e slower stone (o re-
tarn? (b1 If the slower stone reaches a maximum height of . how high
(i terms of 8 will the taster stome go? Assume Tree Gall.

Figure P2.70
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2,78 eee During vour summer internship for an aerospace compiny, yuou
are asked 1o design a small research rocket. The eockel is 1o be baunched
from et from the carth’s surface and is Lo reach o maximu height of
DA m above the canth's surface. The rockel’s engines sive the rocket an
upward acceleration of 16.0 m/s” during the time T that they fine, Alter thi:
engines shut off, the rocket is in free full, lunore air resistance. What must
b the value of 1in order for the rocket to reach the required altitude?

2 70 ses A helicopter carrving Dr, Evil takes off with a constant up-
ward pecelertion of 5.0 m/s’. Secret agent Austin Powers jumps on
just as the helicopter Tifls pff the sround. After the two men strugale
For 1000 . Powers shuts off the engine and steps out ol the helicop-
ter. Assume that the helicopter is in free fall afier its engine is shut off,
and ignore the effects ol air resistance. () What is the maximum height
ahove ground reached by the helicopter? (h) Powers deploys 4 jet pack
sirapped on his buck 7.0 s after leaving the helicopter, and then he his
4 constant downward acceleration with magnitude 2.0 m/s. How far is
Powers above the ground when the helicopter crashes into the ground?
2 80 =+ Cliff Height. You are climbing in the High Sierra when you
suddenly find yoursell at the edge of o fog-shrouded chiff. To find the
height of this ¢liff, you drop a rock from the top: 8.6 s later you hear
the sound of the rock hitting the ground at the foot of the chiff, (a) IT
you ignore air resistance, how high is the chff il the speed of soungd
is 330my/s? (h) Suppuse you had ignored the time 1t takes the sound
1o reach you, In that case, would you have overestimanzd or underesti-
mated the height of the cliff? Explain.

3 81 ss CALC An object is moving along the v-axis. Atf = 0 it has
velocity vy, = 2040 ms, Starting wt wime = 010 has acceleration
i, = —Cr. where C has units of m/s”, ta) What is the value of Cif the
object stops in 8,00 s after 1 = 07 {b) For the value of € calculated
part {a), how far does the ohject ravel during the 500 52

3 g2 e A ball is thrown straight up from the around with speed th.
AT the sume instant. a second ball is dropped from rest from a height £,
directly ahove the point where the first ball was throws upward. Thene
is o nir resistance. (a) Find the time at which the two halls collide.
ib1 Find the value of H inerms of iy and & swch that at the instant when
the balls collide. the first hall is al the highest point of its oo,

283 » CALC Cars A and B travel in a straight linc. The dis-
rance of A from the staring point is given as function of time by
aale) = o 8%, with = 260 m/sand § = 1.20 /s The distance
of # from the starting point is xalt) = yrt — dr, with y = 2.80 m/s”
and & = 0,20 m/s®. (a) Which cor is ahead just after the two cars leave
the starting point? (b} At what time(s) are the cars 4t the sarme poin?
{c) A what timeis) 35 the distance from A Lo B neither increasing nor
decrensing? (d) At what time(s) do A and & have the same acceleration?
2. 84 e» DATA Tn vour physics lah you release 3 small glider [mom
rest al various points on g long. frictionless air track that is nclined
at an angle # ahove the horizontal. With an electronic photecell, you
imensure the tme 1 it takes the glider to shide a distance x [rom the re-
Jease point Lo the bottom of the rack. Your medsurements are given in
Fig. P2.84, which shows a second-order polynomial (quadratic) At o
the plotied data. You are asked 1o find the glider's acceleration, which
i assumed to be constant, There is some crror in each mepsurement,
<o instead of using a single set of x and ¢ vilues, you can be more ac-
curate if you use graphical methods and obtain your measured vilue of
the acceleration (rom the graph, (8) How can you re-graph the dats so
1 the data points fail close o a straight lines? { Mfinr; You might want 1o
plot r or 7, or both, raised 1o some power.) (0] Construet the craph you
deseribed in part (a) and find the equation fur the straight line that is the
hest fit w the data points, (o) Use the straight-line fit from part () 1o
calculate the acecleration of the glider. (d) The glider is released at a
distance v = 1.35 m from the botiom of the track, Use the acceleralion
value you obtained in part (¢} to caleulate the speed of the glider when it
reaches the bottom of the rack.

Figure P2.84
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2 85 == DATA In u physics Tab experiment, you relewse a small steel
hall at variows heights ahove the ground and megsure the ball’s speed

just before it strikes the ground. You plot your data on a graph ihat RE

the release height (in meters) on the vertical axis and the square of the
final speed (in i fsdy om the horizontal axis. In this graph your dat
points lie close to a straghe ne. (1) Using g = 980 m/s” and ignoring
the effect of air resistance. what is the numerical value of the slope of
this straight Hoe? (Inchude the correct umits.) The presence of ait resis-
tance reduces the magnitude of the downward accelerntion, and the ef-
feet of air resistance increases as the speed of the ohject increases. i
repeat the experiment. but this lime with 1 tennis ball as the object being
dropped. Ajr resistance now has 3 noticeable effect on the daw. (b) 15
the final speed for a given release height higher than, lower than, or the
came a5 when vou ignored air resistance? (€3 Is the sraph of the release
height versus the square of the final speed still a straight fine? Sketch
the yualitative shape of the graph when air resistance is presenl.,

3 BE ses DATA A model car starts from rest and travels ima straight
line., A smartphone mounted on the car has an app that transuits the
magnitude of the car’s accelermion {measured by an accelerometer)
every second, The results are given in the 1able;

Time () Aceeleration {m/s*)
o sos
101 A.52
2K 5408
3.0 4.55
440 196
3,06 3,40

Each measured value has some experimental error. {a) Plot acceleration
versus fime and find the equation for the straight line that gives the hast
fir to the data, (h) Use the equation for afs) that you found i part G
1o calewlate v, the speed of the cur as a function of tme. Skeich the
praph of v versus ¢ 15 this graph a straight line? (e} Use your result from
part (k) w calculate the speed of the cara t = 500 s [y Calculate the
distance the car travels between f = Oand ¢ = 5.00s.

CHALLENGE PROBLEMS

2 87 ses In the vertical jump, an athlete starls from s crouch and
jumps upward as high as possible. Even the hest athletes spond little
more than 1,00 5 in the air itheir "hang time"), Treal the athlete as a
particle and lel ¥y, be s maximum height above the floor, To explain
why he seems to hang in the air. caleulate the ratio of the dme he 15
AhOVE ¥y, 2 0 The Hme it takes Bim o go from the floar to that heighr.
lenore ar Fesistance.
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