CHAPTER 3: Kinematicsin Two Dimensions; Vectors

Answersto Questions

Their velocities are NOT equal, because the two velocities have different directions.

2.

[B]

(&) During one year, the Earth travels a distance equal to the circumference of its orbit, but hasa
displacement of O relative to the Sun.

(b) The space shuttle travels alarge distance during any flight, but the displacement from one
launch to the next is 0.

() Any kind of cross country “round trip” air travel would result in alarge distance traveled, but a
displacement of 0.

(d) The displacement for arace car from the start to the finish of the Indy 500 auto raceisO.

The displacement can be thought of as the “straight line” path from the initial location to the final
location. The length of path will always be greater than or equal to the displacement, because the
displacement is the shortest distance between the two locations. Thus the displacement can never be
longer than the length of path, but it can be less. For any path that is not asingle straight line
segment, the length of path will be longer than the displacement.

Since both the batter and the ball started their motion at the same location (where the ball was hit)
and ended their motion at the same location (where the ball was caught), the displacement of both
was the same.

The magnitude of the vector sum need not be larger than the magnitude of either contributing vector.
For example, if the two vectors being added are the exact opposite of each other, the vector sum will
have a magnitude of 0. The magnitude of the sum is determined by the angle between the two
contributing vectors.

If the two vectors are in the same direction, the magnitude of their sum will be a maximum, and will
be 7.5 km. If the two vectors are in the opposite direction, the magnitude of their sum will be a
minimum, and will be 0.5 km. If the two vectors are oriented in any other configuration, the
magnitude of their sum will be between 0.5 km and 7.5 km.

Two vectors of unequal magnitude can never add to give the zero vector. ~
However, three vectors of unequal magnitude can add to give the zero vector.
If their geometric sum using the tail-to-tip method gives a closed triangle, then

the vector sum will be zero. Seethe diagram, inwhich A+B+C=0

(&) The magnitude of avector can equal the length of one of its componentsif the other
components of the vector are all O; i.e. if the vector lies along one of the coordinate axes.

(b) The magnitude of avector can never be less than one of its components, because each
component contributes a positive amount to the overall magnitude, through the Pythagorean
relationship. The square root of a sum of squares is never less than the absolute value of any
individual term.

A particle with constant speed can be accelerating, if itsdirection is changing. Driving on acurved
roadway at constant speed would be an example. However, a particle with constant vel ocity cannot
be accelerating — its accel eration must be zero. It has both constant speed and constant direction.
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10.

11.

12.

13.

14.

15.

16.

To find the initial speed, use the slingshot to shoot the rock directly horizontally (no initial vertical
speed) from aheight of 1 meter. The vertical displacement of the rock can be related to the time of
flight by Eq. 2-11b. Take downward to be positive.

y=Y,+V t+sat® »> Im=2gt® > t= \/2(1 m)/(9.8m/sz) =045s.
Measure the horizontal range R of the rock with the meter stick. Then, if we measure the horizontal
range R, we know that R=v,t =v (0.45s), and so v, = R/0.45s. The only measurements are the
height of fall and the range, both of which can be measured by a meter stick.

Assume that the bullet was fired from behind and below the airplane. Asthe bullet rosein the air, its
vertical speed would be slowed by both gravity and air resistance, and its horizontal speed would be
slowed by air resistance. If the dtitude of the airplane was dightly below the maximum height of the
bullet, then at the altitude of the airplane, the bullet would be moving quite slowly in the vertical
direction. If the bullet’s horizontal speed had also slowed enough to approximately match the speed
of the airplane, then the bullet’s velocity relative to the airplane would be small. With the bullet
moving slowly, it could safely be caught by hand.

The moving walkway will be moving at the same speed asthe “car”. Thus, if you are on the
walkway, you are moving the same speed asthe car. Your velocity relativetothe car is0, and itis
easy to get into the car. But it isvery difficult to keep your balance while trying to sit down into a
moving car from a stationary platform. It iseasier to keep your balance by stepping on to the
moving platform while walking, and then getting into the car with avelocity of O relative to the car.

Y our reference frameisthat of the train you are riding. 1f you are traveling with arelatively constant
velocity (not over ahill or around acurve or drastically changing speed), then you will interpret your
reference frame as being at rest. Since you are moving forward faster than the other train, the other
train is moving backwards relative to you. Seeing the other train go past your window from front to
rear makesit look like the other train is going backwards. Thisis similar to passing a semi truck on
the interstate — out of a passenger window, it looks like the truck is going backwards.

When you stand still under the umbrellain avertical rain, you arein acylinder-shaped volumein
which thereisno rain. Therain has no horizontal component of velocity, and so the rain cannot
move from outside that cylinder intoit. You stay dry. But asyou run, you have aforward horizontal
velocity relative to the rain, and so the rain has a backwards horizontal velocity relativeto you. Itis
the same asif you were standing still under the umbrella but the rain had some horizontal component
of velocity towards you. The perfectly vertical umbrellawould not completely shield you.

(&) Theball lands at the same point from which it was thrown inside the train car — back in the
thrower’s hand.

(b) If the car accelerates, the ball will land behind the point from which it was thrown.

(c) If the car decelerates, the ball will land in front of the point from which it was thrown.

(d) If the car rounds acurve (assume it curves to the right), then the ball will land to the left of the
point from which it was thrown.

(e) Theball will be slowed by air resistance, and so will land behind the point from which it was
thrown.

Both rowers need to cover the same "cross river” distance. The rower with the greatest speed in the
"crossriver" direction will be the one that reaches the other side first. The current has no bearing on
the problem because the current doesn't help either of the boats move acrosstheriver. Thus the
rower heading straight across will reach the other side first. All of hisrowing effort has gone into
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17.

18.

20.

crossing theriver. For the upstream rower, some of his rowing effort goes into battling the current,
and so his"cross river" speed will be only afraction of his rowing speed.

The baseball is hit and caught at approximately the same height, and so the range formula of
R=V.sin 290/g is particularly applicable. Thus the baseball player isjudging the initial speed of
the ball and the initial angle at which the ball was hit.

The arrow should be aimed above the target, because gravity will deflect the arrow downward from a
horizonta flight path. The angle of aim (above the horizontal) should increase as the distance from
the target increases, because gravity will have more time to act in deflecting the arrow from a
straight-line path. If we assume that the arrow when shot is at the same height as the target, then the

range formulais applicable: R=V;sin26,/g — @ =4sin™(Rg/v;). Astherangeand hence
the argument of the inverse sine function increases, the angle increases.

The horizontal component of the velocity stays constant in projectile motion, assuming that air
resistance is negligible. Thusthe horizontal component of velocity 1.0 seconds after launch will be
the same as the horizontal component of velocity 2.0 seconds after launch. In both cases the

horizontal velocity will be given by v, =v, cosé = (30m/s)(cos30° ) = 26m/s.

(&) Cannonball A, with the larger angle, will reach a higher elevation. It hasalarger initia vertical
velocity, and so by Eq. 2-11c, will rise higher before the vertical component of velocity isO.

(b) Cannonball A, with the larger angle, will stay in the air longer. It hasalarger initial vertical
velocity, and so takes more time to decelerate to O and start to fall.

(¢) The cannonball with alaunch angle closest to 45° will travel the farthest. Therangeisa
maximum for alaunch angle of 45°, and decreases for angles either larger or smaller than 45°.

Solutionsto Problems

1

The resultant vector displacement of the car is given by
D, =D, +D_,, . Thewestward displacement is

west

O

south-
west

215+85c0s45° = 275.1 km and the south displacement is
85sin45° = 60.1 km. The resultant displacement has a magnitude of +/275.1% + 60.1° = 281.6 km
~[282km|. Thedirectionis 6 = tan60.1/275.1=12.3° ~[12° south of west| .

The truck has adisplacement of 18+ (-16) = 2 blocks north and 10 blocks

east. The resultant has amagnitude of /2° +10° =[10 blocks|and adirection -

of tan"2/10= [11° north of east|.

X

Label the “INCORRECT” vector asvector X . Then Fig. 3-6 (c) illustratesthe v,
relationship V, + X =V, viathetail-to-tip method. Thus X =V, -V

2 11"

Vl
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4. Giventhat V, =6.80 unitsand V, = -7.40 units, the magnitude of Vs
givenby V = N7 +V? = \[6.80° + (~7.40)" = . The direction

o 7.4 "
isgiven by an angle of 6 = tan‘lwo0 = , or 47° below the positive x-

axis.

5. Thevectorsfor the problem are drawn approximately to scale. The
resultant has alength of and adirection [48% north of east. If
caculations are done, the actual resultant should be 57.4 m at 47.5°
north of east.

6. Thesumisfound by adding the components of vectors \71 and \72

V=V, +V, =(80,-37,0.0)+(3.9,-8.1,-4.4) =[(11.9,-11.8,-4.4)
%

IV|= JAL9) +(-11.8) + (-4.4) =[17.3

7. (@) Seetheaccompanying diagram

(b) V,=-143cos34.8° =[-117 wnits]]  V, =143sn34.8 =
(© V=V +V? = \(-11.7) +(8.16)" =[14.3 units]

18'—13 — [34.8°above the — x axis]

0 =tan

8' (a‘) \/lx : Vly =
V,, =8.5c0s45° = V,, =85sin45° =

(0) V,+V, =(V, +V,. Vi, +V,,)=(-0.6,6.0)

2x?

|\71 + \72| = \/(—0.6)2 +(6.0)° =6.0units ~ H=tan'—=84°

The sum has a magnitude of 6.0 units, and is[84° clockwise from the — negative x-axis, or 96°
counterclockwise from the positive x-axis.

(@ Vo = (735km/h)(cos41.5°) =[550km/h| v, =(735km/h)(sin41.5°) =487 km/h

(b) Adnorth = Vnortht = (550 km/h)(soo h) =
Ad,, =V, =(487 km/h)(3.00 h) =
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A =44.0c0s28.0°=38.85 A =44.0sin28.0° = 20.66
B, = —26.5c0856.0° = ~14.82 B =26.5sin56.0° = 21.97
C, =31.0c0s270° = 0.0 C, = 31.0sin270° = -31.0
(@ (A+B+C) =3885+(-14.82)+0.0=2403=

(A+B+C) =2066+21.97+(-31.0)=1163=

() |A+B+C|= \/(24.03)2 +(11.63)° = 6= tanl%iz -

11. A =440c0s280°=38.85 A =44.0sin28.0° =20.66
C, =31.0c0s270° = 0.0 C, =31.0sin270° =-31.0
(A-C),=3885-00=3885 (A-C) =20.66-(-3L0)=5166

|A-¢|=/(38.85) +(5166) -[646] o= tanl%zgz

12. A =44.0c0s280° =3885 A =44.0sin28.0° = 20.66
B, =-26.5c0856.0° =-14.82 B, = 26.55in56.0° = 21.97
(@ (B-A) =(-1482)-3885=-5367  (B-A) =21.97-20.66=131

Note that since the x component is negative and the y component is positive, the vector isin the
2" quadrant.
131

|B-A|= J(-53.67)" +(1.31)" = Op = tan ——— = |[1.4° above — x axis

(b) (A-B) =3885-(-14.82)=5367 (A-B) =20.66-21.97=-131

Note that since the x component is positive and the y component is negative, the vector isin the
4™ quadrant.
. -131

|A-B|=(5367) +(-131)" = o=tan” ==

Comparing the results shows that B — A isthe oppositeof A —B .

= |1.4° below + x axis

13. A =44.0c0s28.0°=3885 A =44.0sin28.0° = 20.66
B, = —26.50856.0° = ~14.82 B, = 26.5sin56.0° = 21.97
C, = 31.0c0s270° = 0.0 C, = 31.0sin270° = -31.0
@ (A-B+C) =3885-(-14.82)+0.0=53.67
(A-B+C) =20.66-21.97+(-310)=-3231

Note that since the x component is positive and the y component is negative, the vector isin the
4™ quadrant.
1 -32.31

|A-B+C|=/(5367) +(-3231) - 0 =tan”——

= |31.0° below + x axis
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(b) (A+B-C) =3885+(-14.82)-0.0=24.03
(A+B-C) =20.66+21.97~(-310)=73.63

|A+B-C|=y(2408) +(7363) =[775] 0~=tan ‘1;363

(¢ (C-A-B) =0.0-3885-(-14.82) = -24.03
(C-A-B) =-310-2066-21.97=-73.63
Note that since both components are negative, the vector isin the 3" quadrant.
|C-A—B|= (2403 + (-73.63)" =[77.5] 0 =tan 7363_|719°be|0w X axis

Note that the answer to (c) is the exact opposite of the answer to (b).

>
os ]}

14. A =44.0c0s28.0° = 38.85 A, =44.0sin 28.0° = 20.66
B, = —26.5c0s56.0° = -14.82 B, = 26.5sin56.0° = 21.97
C, =31.0c0s270° = 0.0 C, =31.0sin 270° = -31.0
(@ (B-2A) =-14.82-2(3885)=-9252 (B-2A) =2197-2(20.66)=-19.35
Note that since both components are negative, the vector isin the 3 quadrant.

|B - 2A| = \/(-92.52)" + (-19.35)" =[945] 0 =tan ;222 |11.8° below — x axis

(b) (2A-3B+2C) =2(38.85)-3(-14.82)+2(0.0) =122.16
(2A-3B+2C) =2(20.66)~3(21.97)+2(-31.0) = -86.59

Note that since the X component is positive and the y component is negative, the vector isin the
4™ quadrant.

|2A-38 + 2¢| = J(122.16)" + (~86.59)" = 6=tan"

_86'52 —[35.3°below + x axis]

15. The x component is negative and the y component is positive, since the summit isto the west of
north. The angle measured counterclockwise from the positive x axis would be 122.4°. Thus the
components are found to be

X =-4580sin32.4° = -2454 m y =4580c0s32.4° =3867 m z=2450m

F = (-2450 m 3870 m 2450 m)| || = \/(~2454)" + (4580)" + (2450)" =
16. 70.0=4/x*+(-55.0)° — 4900=x’+3025 — X’ =1875 — x=[+43.3 units|

17. Choose downward to be the positive y direction. The origin will be at the point where the tiger leaps
from the rock. In the horizontal direction, v,, = 3.5m/s and a, = 0. Inthe vertical direction,

=0,a,=9. 80m/s =0, and thefinal location y = 6.5m. Thetime for the tiger to reach
the ground isfound from applylng Eqg. 2-11b to the vertical motion.
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18.

19.

20.

2(6.5m
Y=Y, +Vt+iat’ — 6.5m=0+0+§(9.8m/32)t2 - t= /9.(87/52)21'158&

The horizontal displacement is calculated from the constant horizontal velocity.

Ax=v,t=(3.5m/s)(1.15 sec) =

Choose downward to be the positive y direction. The origin will be at the point where the diver
dives from the cliff. Inthe horizontal direction, v, =1.8m/s and a, = 0. Inthe vertical direction,

Vo = 0, a, = 9.80m/s2 , ¥, =0, and thetimeof flightis t = 3.0s. The height of the cliff is found
from applying Eq. 2-11b to the vertical motion.
2
Y=Y, +V, t+3at’ - y=0+ O+%(9.80m/sz)(3.03) =[44 m]

The distance from the base of the cliff to where the diver hits the water isfound from the horizontal
motion at constant velocity:

A=Vt =(1.8m/s)(3s) =

Apply the range formulafrom Example 3-8. 25
Vg sin 2(90 , /\

I /N

2.0 9.8m/s’
sin2z90=&=( m)( m/S )=O.4239

2

ve (6.8m/s)’

0.5 4

20,=sin"0.4239 — 6,=[13",77°
There are two angles because each angle gives the same 0

range. If oneangleis  =45° + 5 ,then § = 45° - § isadso
asolution. The two paths are shown in the graph.

0.5 1 15

-0.5

Choose upward to be the positive y direction. The origin is the point from which the pebbles are
released. Inthevertical direction, a, = -9.80 m/s.2 , the velocity at thewindow is v, =0, and the
vertical displacement is4.5m. Theinitia y velocity isfound from Eqg. 2-11c.

v, =V, +2a (y-y,) -

V,, = V2~ 22, (y-Y,) = /0~ 2(-9.80m/s*) (45 m) = 9.39m/s
Find the time for the pebblesto travel to the window from Eq. 2-11a.
v, -V, 0-9.4m/s
a  -9.8m/s’
Find the horizontal speed from the horizontal motion at constant velocity.
Ax=vt — v, =Ax/t=50m/0.958s=[5.2m/s
Thisisthe speed of the pebbles when they hit the window.

=0.958s

V=V, +tat o> t=

Choose downward to be the positive y direction. The origin will be at the point where the ball is
thrown from the roof of the building. In the vertical direction, v, =0, a, =9.80 m/s2 , ¥,=0,and

the displacement is 45.0 m. Thetime of flight isfound from applying Eq. 2-11b to the vertical
motion.
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2(45.0 m)
9.80m/s’

The horizontal speed (whichistheinitial speed) isfound from the horizontal motion at constant
velocity:
Ax=vt — v, =Ax/t=24.0m/3.03s=|7.92m/s|.

Y=Y, +V,t+iat’ — 45.0m=§(9.80m/32)t2 - t= =3.03 sec

22. Choose the point at which the football is kicked the origin, and choose upward to be the positive y
direction. When the football reaches the ground again, the y displacement is 0. For the football,

v,, = (18.0sin35.0°)m/s, a, = -9.80m/s’ and the final y velocity will be the opposite of the
starting y velocity (reference problem 3-28). Use Eq. 2-11ato find the time of flight.

MV (-18.0sin35.0°) m/s—(18.0sin35.0° ) m/s _

V=V, +at — t=
oo a -9.80m/s’

23. Choose downward to be the positive y direction. The origin isthe point where the ball is thrown
from the roof of the building. In the vertical direction, Vo = 0,y,=0,and a, = 9.80 m/s2 . The

initial horizontal velocity is 22.2 m/s and the horizontal rangeis 36.0 m. Thetime of flight is found
from the horizontal motion at constant velocity.

Ax=vt — t=Ax/v, =36.0m/222m/s=162s

The vertical displacement, which is the height of the building, isfound by applying Eq. 2-11b to the
vertical motion.

Y=Y, +Vttiat’ - y=0+0+(9.80m/s*)(L62s) =[12.0 m]

(@) Usethe “Level horizontal range” formulafrom Example 3-8.

2 g 7.80 m)(9.80m/s?
Rovesn2g, . _ [ Ra__ m)( m/s)=9.60m/s
g sin 26, sin2(28.0°)

(b) Now increase the speed by 5.0% and calculate the new range. The new speed would be
9.60m/s(1.05) = 10.1m/s and the new range would be

_Vosin2g, (10.1m/s)”sin2(28.0°)
g 9.80m/s?

=8.60 m,

anincrease of |0.80 m (10% increase)|.

v, sin 26,
g
are held constant, the range is inversely proportional to the value of g. The acceleration due to
gravity on the Moon is 1/6™ that on Earth.
V2 sin26 v2sin20
REarth = -— Rl\/loon = -— - REarth gEarth = RMoon gMoon

g Earth Moon

Fea
Rl\lloon = REarth — = 6REarth

Moon

25. Calculatetherange asderived in Example 3-8: R= . If the launching speed and angle
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26.

27.

28.

29.

Thus on the Moon, the person can jump |6 times farther|.

(&) Choose downward to be the positive y direction. The origin is the point where the bullet
leavesthe gun. Inthe vertical direction, v, =0, y, =0, and a, =9.80 m/s2 . Inthe

horizontal direction, Ax=75.0 m and v, =180m/s. Thetime of flight isfound from the

horizontal motion at constant velocity.
Ax=vt — t=Ax/v, =75.0m/180m/s=0.4167 s
Thistime can now be used in Eq. 2-11b to find the vertical drop of the bullet.
Y=Y, +Vt+iat’ — y=0+0+4(9.80m/s*)(0.4167 s)" =[0.851 m
(b) For the bullet to hit the target at the same level, the level horizontal range formula of Example
3-8 applies. Therangeis 75.0 m, and theinitia velocity is 180 m/s. Solving for the angle of
launch results in the following.
2 6in 20 _ R 1 75.0 m)(9.80m/s’
R=b30% sm2<90=—zg - eoz—sm‘l( ) 2/ )=O.650°
g v, 2 (180m/s)
Because of the symmetry of the range formula, thereis also an answer of the complement of the

above answer, which would be 89.35°. That is an unreasonable answer from a practical
physical viewpoint — it is pointing the gun almost straight up.

Choose downward to be the positive y direction. The origin isthe point where the supplies are
dropped. Inthe vertical direction, v, =0, a, =9.80 m/s2 , ¥, =0, and the final position is
y=160m. Thetime of flight isfound from applying Eq. 2-11b to the vertical motion.

Y=Y, +Vt+iat’ - 160m=0+0+%(9.80m/s*)t* —

2(160 m _ m

9.80m/s”
Note that the speed of the airplane does not enter into this calculation.

The horizontal component of the speed does not change during the course of the motion, and so
v . The net vertical displacement is O if the firing level equalsthe landing level. Eq. 2-11c

xf :VXO

then gives v, = v,  +2a Ay =V, . Thus v =V, , and from the horizontal v;, = v; . Theinitial

H 2 2 H H 2 2 2
speed is V, = |V,, +V,, . Thefina speedis v, =\/vyf +V, =\/vy0+vx0 =V,. Thus v, =v,|.

Choose upward to be the positive y direction. The origin is point from which the football is kicked.
Theinitial speed of the football is v, = 20.0m/s. We have V,, =V, Sin37.0° =12.04 m/s, y, =0,

and a, =-9.80 m/s2 . Inthe horizontal direction, v, =V, cos37.0° =15.97m/s, and Ax=36.0 m.
Thetime of flight to reach the goal posts is found from the horizontal motion at constant speed:
Ax=vt — t=Ax/v, =36.0m/15.97m/s=2.254s.

Now use this time with the vertical motion data and Eqg. 2-11b to find the height of the football when
it reaches the horizontal location of the goal posts.

Y=Y, +V,t+3at’ =0+(12.04m/s)(2.254 ) +4(-9.80m/s’ ) (2.254s)" = 2.24 m
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Since the ball’s height is less than 3.00 m, the football does not clear the barl. It is0.76 m too low
when it reaches the horizontal location of the goal posts.

30. Choose the origin to be where the projectile is launched, and upwards to be the positive y direction.
Theinitial velocity of the projectileis v, thelaunching angleis 6,, a, = -g,and v, = v, sing, .
(a) Themaximum height isfound from Eq. 2-11c, v, = v, +2a, (y—y,),with v, =0 at
the maximum height.
Vv, -Vl —Visn’g, visin’g, (652m/s)’sin’345
2a.  -29 29  2(980m/s’)

(b) Thetota timein theair isfound from Eq. 2-11b, with atotal vertical displacement
of O for the ball to reach the ground.

y=Y,+V t+iat’ — 0=vysinft-igt° —

(- 2%Sn6, _ 2(65.2m/s)sin34.5 ~[754d andt=0

9 (9.80m/s’)
The time of 0 represents the launching of the ball.
(c) Thetotal horizontal distance covered isfound from the horizontal motion at constant velocity.

Ax =Vt = (v, cosf, )t = (65.2m/s)(cos34.5°)(7.54 5) =

(d) Thevelocity of the projectile 1.50 s after firing is found as the vector sum of the horizontal
and vertical velocities at that time. The horizontal velocity is a constant

V, C0s0, = (65.2m/s)(cos34.5° ) =53.7m/s. Thevertical velocity isfound from
Eg. 2-11a
V, =V, +at =V, sing, — gt = (65.2m/s)sin34.5° - (9.80 m/sz)(l.SOS) =22.2m/s

69.6 m

ymax =0+

Thus the speed of the projectileis v = \/vf +V, = J53.77 + 2207 = 58.1m/s.

N . L \Y 22.2
The direction above the horizontal isgiven by 6 = tan™ -~ = tan’la = )
v .

X

31. Choose the origin to be at ground level, under the place where the projectile is launched, and
upwards to be the positive y direction. For the projectile, v, = 65.0 m/s, 6,=37.0°, a,=-9g,
Y, =125,and v, =v,sin6,
(8) Thetime taken to reach the ground is found from Eq. 2-11b, with afinal height of O.
y=Y,+Vt+iat’ — 0=125+ysingt-igt° —

v, Sing, V2 sin? 6, — 4(~ 1 g) (125) _ -39.1+63.1
2(-19) 938

Choose the positive sign since the projectile was launched at timet = 0.
(b) The horizontal range is found from the horizontal motion at constant velocity.

Ax =Vt = (v, cosd, )t = (65.0m/s)cos37.0° (10.4 s) =
(c) Attheinstant just before the particle reaches the ground, the horizontal component of its
velocity isthe constant v, = v, cosd, = (65.0m/s)cos37.0° =[51.9m/s|. Thevertical

component is found from Eq. 2-11a.
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V, =V, +at =V, sing, - gt = (65.0m/s)sin37.0° - (9.80m/s* ) (10.4 s)

=[-63.1m/s
(d) The magnitude of the velocity is found from the x and y components calculated in part c) above.

V= V2V = \/(51.9m/s)2 +(-63.1m/s)’ =|81.7m/s

N I \Y -63.1 I
(e) Thedirection of the velocity is 6 = tan™ -~ = tan’lm =-50.6°, and so the object is
v .

X

moving |50.6° below the horizon|.

(H The maximum height above the cliff top reached by the projectile will occur when the y-
velocity is 0, and isfound from Eqg. 2-11c.

V.=Vl +2a,(y-Yy,) — 0=v;sin’6,-2gy,.

_VZsin?g, (65.0m/s)’sin®37.0°

Tme =708 2(080m/s") Al

32. Choose the origin to be the point of release of the shot put. Choose upward to be the positive y
direction. Then y, =0, v,, = (155sn34.0°)m/s=8.67m/s, a, = -9.80m/s", and
y = —2.20 m at the end of the motion. Use Eq. 2-11b to find the time of flight.

y=Y,+Vt+iat’ - Zlat’+vt-y=0 —

v, =V —4(2a,)(-y)  -867+4/(8.67) —2(-9.80)(2.20)
23a, -9.80

Choose the positive result since the time must be greater than 0. Now calculate the

horizontal distance traveled using the horizontal motion at constant velocity.

Ax=v,t = (15.5c0534° ) m/s(1.99 5) =

t= =1.995s,-0.225s

33. Choose the origin to be where the projectile is launched, and upwards to be the positive y direction.
Theinitial velocity of the projectileis v, thelaunching angleis 6,, a, = -g,and v, = v, siné, .

v sin 26,
g

maximum height of the projectile will occur when its vertical speed is0. Apply Eg. 2-11c.

: v2sin® @
V5=V50+2ay(y_yo) d 0=V025|n200_29ymax d ymaxzoz—g0

The range of the projectile is given by the range formulafrom Example 3-8, R = . The

Now find the angle for which R=y__ .

Vv, sin26, visin’g, N Sinzg_sinzé?o
g9 29

0
r a2

_ sin“ 6, .
2sing, cosd, = > > 5 4cosf,=sing, — tand,=4 — @, =tan4=[76]

R=y

max
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34. Choose the origin to be the location from which the balloon is
fired, and choose upward as the positive y direction. Assume
the boy in the treeis adistance H up from the point at which
the balloon isfired, and that the treeis a distance D horizontally
from the point at which the balloon isfired. The equationsof  *
motion for the balloon and boy are as follows, using constant
acceleration relationships.

Xgatoon = Vo COS@O'(

yBa\IIoon :0+Vos.n(90t_%gt2 yBoy :H _;gtz
Use the horizontal motion at constant velocity to find the elapsed time after the balloon has traveled
D to theright.
D
D=vy,cos6t, —» t,=——
V, C0s6,
Where is the balloon vertically at that time?

2 2
. . D D
Yaatoon = Vo SIN G5t —%gt;=VOSII’]90 -39 =Dtan6, -39
V, C0s6, V, C0sd, V, COs &,

Whereisthe boy vertically at that time? Notethat H = D tan g, .

2 2
D D
=H-4iqgt’?=H -igq| ——— | =Dtand. -+q| ——
Yooy 29 2 g[vo coseoj 0 2 g(vo coseoj

The boy and the balloon are at the same height and the same horizontal location at the same time.
Thus they collide!

35. Choose the origin to be the location on the ground directly below the airplane at the time the supplies
are dropped, and choose upward as the positive y direction. For the supplies, y, =235m, v, =0,

a, =—-g,and thefinal ylocationis y=0m. Theinitial (and constant) x velocity of the suppliesis
v, =69.4m/s.
(&) Thetimefor the supplies to reach the ground is found from Eq. 2-11b.

y=Y, +V, t+iat’ — 0=y +0+iat® —

(o -2y, _ —2(235m) 693
\ a (—9.80m/sz)

Then the horizontal distance of travel for the package is found from the horizontal motion at
constant velocity.

Ax=vt=(69.4m/s)(6.93s)=
(b) Now the supplies haveto travel ahorizontal distance of only 425 m. Thus the time of flight will
be less, and is found from the horizontal motion at constant velocity.
Ax=vt — t=Ax/v, =425m/69.4m/s=6.124s.
They motion must satisfy Eq. 2-11b for this new time, but the same vertical displacement and
acceleration.

Y=Y, +V, t+iat’ —

L _Y-Yo-3ar® 0-23% m-1(-9.80m/s’)(6.124 s)’

yo
t 6.124 s
Notice that since thisis a negative velocity, the object must be projected DOWN.

=|-8.37m/s
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(c) Thehorizontal component of the speed of the supplies upon landing is the constant horizontal
speed of 69.4 m/s. The vertical speed isfound from Eq. 2-11a.

V, =V,, +at=-8.37m/s+(-9.80m/s’)(6.124 s) = 68.4m/s
Thus the speed is given by

V=LV +V] = \/(69.4 m/s)’ +(68.4m/s)* =[97.4m/s

36. Call thedirection of the boat relative to the water the positive direction.

@ Vige =Vige *+Vimw =22 M/s+ 75 m/s
rel. water rel. boat water
=19.7 m/s in the direction the boat is moving
0) Vi =Vige Voo =—22 M/s+ 7.5 m/s
rel. water rel. boat water
=|5.3 m/s in the direction the boat is moving

37. Cadl thedirection of the flow of theriver the x direction, and the direction of Huck walking relative
to the raft the y direction.

Vi = Vi + Vi = (0,0.60)m/s + (1.70,0) m/s ) Viue
rel. bank rel. raft bank Huck e
rel. raft
=(1.70,0.60) m/s 0
v
Magnitude: v,,, = +/1.70° +0.60> =[1.80m/s EZITbank)
rel. bank current

. . 0.60 ; .
Direction: 6 = tan'lm = |19O relative to rlver|

38. Wehave v, =25m/s. Usethediagram, illustrating V_, , =V, + Voo » 0 caculate the
ground ground car ground
other speeds. _
Vcar " Vsnow rel. v
: car
o _ __ ground _ o _ snow rel.
cos30° =2 5 v =25m/s/cos30° =[29m/s Sround
Venow rel. car 30°
car -
v
carrel.
Vsnow :jel. ground
(o} groun 0
tan30° = > v_ ., =(25m/s)tan30” =14 m/s
Vcaf rel. ground

ground

39. Call thedirection of the flow of theriver the x direction, and the direction the Vs
boat is headed the y direction. shore
@ V.= \/vaam V., =1.20° +2.30° =[259m/s
shore shore water . —
1.20 Vboat rel. Vboaét\t rel.
O=tan == =27.6° , 4 = 90° — 0 = |62.4°relative to shore| e \0
2.30 f
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40.

41.

(b) The position of the boat after 3.00 secondsis given by

Ad =v,, .t =[(1.20,2.30) m/s](3.00sec)

shore

=|(3.60 m downstream, 6.90 m across the river)

As amagnitude and direction, it would be 7.8 m away from the starting point, at an angle of
62.4° relative to the shore.

If each plane has a speed of 785 km/hr, then their relative speed of approach is 1570 km/hr. If the
planes are 11 km apart, then the time for evasive action is found from

Ad 11.0k 3600
Adovt t:_:[ m j( Secj:

v\ 1570km/hr 1hr

Cdll east the positive x direction and north the positive y direction. Then the
following vector velocity relationship exists.

(a) vplanerd. = vplane + vairre!.
ground rel. air ground
= (0,-600) km/h + (100c0s45.0°,100sin 45.0° ) km/h
=(70.7,-529)km/h -
( O 5 9) / Q Vplane&ei.
groun
Vi = J(70.7km/h)? + (-529km/h)’ =[540km/n
groun \7
plane
707 rel. ar
6= tan’l—9 = |7.6° east of south|
(b) Theplaneisaway from itsintended position by the distance the air has l
caused it to move. Thewind speed is 100 km/h, so after 10 min (1/6 h), the /
planeis off courseby Ax=v,t =(100km/h)(%h) = . Vg,
ground
42. Call east the positive x direction and north the positive y direction. Then the
following vector velocity relationship exists.
vplanerel. = vplane + va’rreL -
ground rel. air ground
(o, —menerd) = (-600sin@,600cosd) km/h Ve | |[Votaers
ground rel. air ground
+ (100c0s45.0°,100sin 45.0° ) km/h
Equate x components in the above equation.
0=-600sind+100c0s45.0° —
0= sin’lm =16.77°, west of south Varre,
600 ground
. . . L. Vwater rel.
43. From the diagram in figure 3-29, it is seen that shore
Vooatra. = Vooura. €056 = (1.85m/s) c0540.4° =[1.41m/s. v
shore water boat rel. =
shore Vboat rel.

water
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44. Cdl thedirection of the boat relative to the water the x Y,

passenger

direction, and upward the y direction. Also seethe rel. water

diagram. v}
. o . 6 passenger
\/ =V + Vboat . rel. boat

passenger passenger
rel. water rel. boat water \7
boat rel.
=(0.50c0s45°,0.50sin 45° ) m/s water

+ (1.50,0) m/s = (1.854,0.354) m/s

v =+/1.854° +0.354° =[1.89m/s

passenger
rel. water

45. Cadl thedirection of the flow of theriver the x direction, and the direction v

Y
straight across the river they direction. The boat is traveling straight across the dhore
river. The boat isheaded at & = 28.5° upstream, at a speed of

boal rel. 2 60 m/S Vboat rd.
water shore

o/

(@ snf=v,,., /vbom = Vyuorw = (2.60m/s)sin28.5° =(1.24m/s Vboat rel.
shore water shore
(b) cosd = v,mrd/vkm1 0 = Veww =(2.60m/s)cos28.5° =[2.28m/s
shore water shore
46. Call the direction of the flow of the river the x direction, and the 110 m v;@‘g rel.

direction straight acrossthe river they direction. From the diagram,
6 =tan 110 m/ 260 m = 22.9°. Equate the vertical components of the
velocities to find the speed of the boat relative to the shore.

: 0
Vboat rel. COSG = Vboat rel. sin 45 -

shore water

sin 45°
1.70
3?55&6' =(Tom/s) c0s22.9°

Equate the horizontal components of the velocities.
sing =y, cos45° - v, -

boat rel. boat rel. water
shore water rel. shore
V

0
water boat rel. Cos 45 boat rel.

rel. shore water shore

= (1.70m/s) cos45° — (1.305m/s)sin 22.9° = 0.69m/s ~ |0.7m/s

=1.305m/s

sing

3

Call the direction of the flow of the river the x direction, and the direction v
straight across the river the y direction. Call the location of the swimmer’s shore
starting point the origin.

VSW|mmer = VSW|mmer + Vwater rel. (0’ 045 m/S) + (040 m/s’ O) Vi

rel. shore rel. water shore rel. water

=(0.40,0.45)m/s

(@) Sincethe swimmer starts from the origin, the distances covered in
the x and y directions will be exactly proportional to the speeds in those directions.

t .
Ax_vt_ v, X _040m/s S ax=[e7m
Ay vt ov 75m 0.45m/s

y
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(b) Thetimeisfound from the constant velocity relationship for either the x or y directions.

sy-vp > 1= T5M g

v, 045m/s
48. (a) Call thedirection of the flow of the river the x direction, and the v
direction straight across the river they direction. wter rel.
Vwater rel. v =
. 0.40m/s ., 0.40 Vg,
sing=—"—= - f=sint=——=62.73" = .62° v o e
Vv, . 045m/s 0.45 62 sgirvn;;g .

rel. water
(b) From the diagram her speed with respect to the shoreis
Vaimme = Vaunma €086 = (0.45m/s) c0s62.73° = 0.206 m/s

swimmer — " swimmer
rel. shore rel. water

Thetimeto crosstheriver can be found from the constant vel ocity relationship.

49. Call east the positive x direction and north the positive y direction. The
following is seen from the diagram. Apply the law of sinesto the triangle
formed by the three vectors.

Vv \Y \Y

plane airrel. airrel.
el ai d . d .
. rel. ar - — g.roun 9 S'n 9 — groun S n1250 9
sin125°  sing Ve
rel. air

airrel.
ground

v planerel.
ground

f=sin" (Esin125°J =7.211°
620

So the plane should head in adirection of 35.0° +7.2° = |42.2° north of east| .

50. Takethe origin to be the location at which the speeder passes the police car, in the reference frame of
1m/s
3.6km/h
1m/s
3.6km/h
to the ground. Relative to the unaccel erated police car, the speeder istraveling at 13.89 m/ s=Vv,,

and the police car is not moving. Do al of the calculations in the frame of reference of the
unaccelerated police car.

the unaccel erated police car. The speeder istraveling at 145km/ h( j =40.28m/s

relative to the ground, and the policeman istraveling at 95km/h ( j = 26.39m/s relative

The position of the speeder in the chosen reference frameis given by Ax, =v.t. The position of the

policeman in the chosen reference frameisgiven by Ax, = %ap (t - l)2 ,t >1. Thepolice car

overtakes the speeder when these two distances are the same.; i.e., Ax, = AX_ .
AX,=AX, — vVi=ia (t-1)° - (1389m/s)t=4(2m/s’)(t* -2t +1)=t*-2t+1

. _1580:+1589° 4

2
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51.

52.

53.

Since the police car doesn’t accelerate until t =1.00 s, the correct answer is |t =15.8 5] .

Take the origin to be the location at which the speeder passes the police car. The speed of the
speeder is v,. The position of the speeder after the 7.00 secondsis Ax, =Vt =V, (7.00s). The

position of the police car is calculated based on the fact that the car traveled 1 second at the original
velocity, and then 6 seconds under acceleration. Note that the police car’s velocity must have the
units changed.

1m/s

v, = (95km/h)(m

AX, =V, (1.00s)+V, (6.00s)++a (6.00s)" =220.7 m
The police car overtakes the speeder when these two distances are the same; i.e., Ax, = AX .

j =2639m/s  a, =2.00m/s’

220.7 3.6km/h
V,(7s)=220.7m v, = m mh) 114km/h
7s 1m/s
Call east the positive x direction and north the positive y direction. From v

thefirst diagram, this relative velocity relationship is seen.

Verrra = Vet *Verow = Verrw =4/(-55)° +(35)" =|65km/h
street car2 street car2
0 = tan ™ 55/35 = [58° West of North]
For the other relative velocity relationship: Vea 2.
Street
vcarZrd = vcarZrel +vcarlre| - Vcar2re| = \/(55)2+(_35)2 = 65km/h
street . car 1l - street ) carl . \7 Vcarl
car 2rel. rel.
0 = tan™ 35/55 = [32° South of East| rt Srée
Notice that the two relative velocities are opposites of each other: V., , =V 1 a
carl car 2

Since the arrow will start and end at the same height, use the range formula derived in Example 3-8.
Therangeis 27 m, and the initial speed of the arrow is 35 m/s.

_vpsin26, Gnog - RO _ (27 m)(9.80m/s’)
g RS (35m/s)’

g,=4sin"0.216 = 6.2°,83.8°

R =0.216

Only the first answer is practical, so theresult is |6, = 6.2°|.

The plumber’s displacement in component notation is d,
d = (50 m,—25 m,-10 m)|. Sincethisisa3-dimensional problem, it

requires 2 angles to determine hislocation (similar to latitude and longitude on xy
the surface of the Earth). In the x-y plane, thisfollows.

d 25
0, = tan™ = = tan' — = 27° South of East
d 50

X
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55.

56.

57.

58.

d,, =4/d?+d? =/(50)" +(~25)" =559 m

For the vertical motion, consider another right triangle, made up of d,, asone dy
leg, and the vertical displacement d, asthe other leg. Seethe second figure, & q
and the following calculations. d ’
d 10m .
0,=tan"—~=tan™ =10° Below the Horizontal
d, 55.9 m

d = o2 +0? = Ja? + 07 +d? = /(50" +(~25) +(~10)° =57 m
The result is that the displacement is m , a an angle of |270 South of East| , and
|10° Below the Horizontal| .
Assume a constant upward slope, and so the deceleration isalong a straight line.  The starting

1m/s . o
velocity along that lineis 120 km/h( // ] 33.3m/s. The ending velocity isO m/s. The
km/h
acceleration isfound from Eq. 2-11a.
33.3m/s
v=y,+at — 0=333m/s+a(6.0s) — a=- T/ ~5.56m/s’
0Os
The horizontal acceleration is a,,, = acosé = —5.56m/s* (cos32°) =|-4.7m/s?
The vertical accelerationis a,,, = asind = -5.56m/s” (sin 30°) —|-2.8m/s?
The horizontal acceleration isto the left in the textbook diagram, and the vertical accelerationis
down.
Magnitude = \/75.42 + y* =885 —» y=++/88.5" —75.42 = +46.34 = 88,
- , 46.34 O+ 754
Direction = tan " —— — |31.6° relative to x axis] 9
75.4 88,5
See the diagram for the two possible answers. '
Choose the x direction to be the direction of train travel (the direction the
passenger is facing) and choose the y direction to be up. This relationship exists v Vosinral
among the velocities: V, , =V . 4 + V.« - Fromthediagram, find the ity ground
ground train ground
expression for the speed of the raindrops.
Vtrain rel. v v vggnr:g'
tan 9 = Lund = : - rainrel = a :
Viainre Viainre ground tan &
ground' ground'

Call east the positive x direction and north the positive y direction. Then this Ve
relative velocity relationship follows (see the accompanying diagram). v 45N\ Ground

— — — lane

Vplanere!. = Vplane + Vairrel. Pel.ajr

ground rel. air ground /.

Equate the x components of the velocity vectors. /Vgrro el
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(125km/h)cos45° =0+v,, ., —
From the y components of the above equation:

-125sin45° = -155 +v, -V =155-125sin45° = 66.6 km/h

wind-y wind-y

=88.4km/h .

Vwind X

The magnitude of the wind velocity is

Vo = AV + gy = (88.4km/h)” +(66.6kmy/h)’ =[111kmyh].

12‘2 =|37.0° north of east|.

V .
The direction of thewind is @ = tan " =22 = tan
V

wind-x

59. Work in the frame of referencein which thetrainis at rest. Then, relative to thetrain, the car is
moving at 20 km/h. The car hasto travel 1 km in that frame of reference to pass the train, and so the
time to pass can be found from the constant horizontal velocity relationship.

A 1k 3600
N S L. =o.osh[ Sj:
direction (V)< )same 20 km/h 1 h
direction

The car travels 1 km in the frame of reference of the stationary train, but relative to the ground, the
car istraveling at 95 km/hr and so relative to the ground the car travels this distance:
Ax=vt_  =(95km/h)(0.05h)=
direction

If the car and train are traveling in opposite directions, then the velocity of the car relative to the train
will be 170 km/h. Thus the time to pass will be

Ax 1km 1 3600 s zz3
dheion  (V, Jomosie  170km/h (170 j( 1h j

direction

The distance traveled by the car relative to the ground will be

Ax =Vt =(95km/h)( ):.

X -opposite
direction

-
170
60. Thetime of flight isfound from the constant velocity relationship for horizontal motion.

AX=Vl= — tzAx/vX=8.0m/9.1m/s=

They motion is symmetric in time — it takes half the time of flight to rise, and half to fall. Thusthe
time for the jumper to fall from his highest point to the ground is 0.44 sec. Hisvertical speed iszero
at the highest point. From thistime, starting vertical speed, and the acceleration of gravity, the
maximum height can be found. Call upward the positivey direction. The point of maximum height
isthe starting position y, , the ending positionis y = 0, the starting vertical speedis0, and a=-g .

Use Eqg. 2-11b to find the height.

Y=Y, +V, t+iat’ — O:y0+0—§(9.8m/sz)(0.44s)2 — 'y, =[0.95 m].

61. Assumethat the golf ball takes off and lands at the same height, so that the range formula derived in
Example 3-8 can be applied. The only variable isto be the acceleration due to gravity.

REanh = Vg Sin 290/gEarth RMoon = Vg Sin 2eo/gMoc:m
REarth _ VSSinzgo/gEanh _ l/gEarth — gMoon _ 35 m — 019 N

RMoon Vg Sin 2eo/gMoon ]/gMoon gEarth 180 m
gMoon = O'lggEanh ~ 1.9m/32

© 2005 Pearson Education, Inc., Upper Saddle River, NJ. All rightsreserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the
publisher.

59



Chapter 3 Kinematics in Two Dimensions; Vectors

The minimum speed will be that for which the ball just clears the

63.

fence; i.e., the ball has a height of 7.5 m when it is 95 m horizontally
from home plate. The origin isat home plate, with upward as the

positivey direction. For thebal, y,=1.0m, y=75m, a =-
Vo =V, SiNG,, v, =V, cosd,, and 6, =38°. Seethediagram

(not to scale). For the horizontal motion at constant velocity,

AX=Vt =V ,cosft,andsot =

. For the vertical motion, apply Eq. 2-11b.
V, COS6,
Y=Y, +Vt+tat’ =y, +v,(sing,)t-<gt*
Substitute the value of the time of flight for the first occurrence only in the above equation, and then
solve for the time.
AX

v, Cosd,

- 1.0m-75m+(95m)tan38°
t=\/2(y° y+AXta”9°j=\/2( +(95m) J:s.nss

g 9.80m/s?

Finally, use the time with the horizontal range to find the initial speed.
A

AX=V,cos0,t — V,= Al % m =[32m/s

tcosd, (3.718s)cos38’

-1igt? —

y=Y,+V;tsing, ——gt - y=Y,+VY,snég, ~

Choose downward to be the positive y direction. The origin is at the point from which the divers
push off the cliff. Inthe vertical direction, theinitial velocity is v, = 0, the acceleration is

a, =9.80 m/s2 , and the displacement is 35 m. Thetime of flight isfound from Eq. 2-11b.

2(35m)
Y=Y, tV,t+dat’ - 35m=0+0+4(98m/s’)t° - t= 98m/s ~[274]

The horizontal speed (which isthe initial speed) isfound from the horizontal motion at constant
velocity.

AX=vl — v, =Ax/t=50m/27s=[1.9m/s

Choose the origin to be the location on the ground directly underneath the ball when served, and
choose upward as the positive y direction. Then for theball, y, =2.50m, v, =0, a,=-g, and
they location when the ball just clearsthe netis y = 0.90 m. Thetimefor the ball to reach the net is
calculated from Eq. 2-11b.

Y=Y, +Vt+3at’ — 0.90m=250m+0+4(-9.80m/s*)t* —

2(-1.60 m)
o =4|———— =057143s
w \ -9.80m/s
The x velocity is found from the horizontal motion at constant velocity.
A 15.0
Ax=vt — v == _2625~[263m/q.
t 057143s

Thisisthe minimum speed required to clear the net.
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To find the full time of flight of the ball, set the final y location to bey = 0, and again use Eq. 2-11b.
Y=Y, +Vt+at’ - 00m=250m+1(-9.80m/s’)t* —

t, = Z(LSO"? =0.7143~[0.714s
~9.80m/s

The horizontal position where the ball lands is found from the horizontal motion at constant velocity.
Ax=v,t =(26.25m/s)(0.7143s) =18.75 ~ .

Sincethisis between 15.0 and 22.0 m, |the ball landsin the "good" region|.

65. Work in the frame of reference in which the car is at rest at ground level. In this reference frame, the
helicopter is moving horizontally with a speed of

1m/s

3.6km/h

For the vertical motion, choose the level of the helicopter to be the origin, and downward to be
positive. Then the package’sy displacementis y=78.0m, v, =0,and a = g. Thetimefor the

packageto fall is calculated from Eq. 2-11b.

2(78.0m)
Y=Y, +Vt+iat’ — 780m=%(9.80m/s)t* - t= /W —3.99 sec

The horizontal distance that the package must move, relative to the “stationary” car, is found from
the horizontal motion at constant velocity.

Ax=vt =(16.67m/s)(3.99 s) = 66.5m
Thus the angle under the horizontal for the package release will be

6 =tan? (ﬂj =tan™ ( 80 mj =49.55° ~ (to 2 significant figures).
AX 66.5 m

215km/h -155km/h = 60 km/h( J =16.67m/s.

66. (a) For the upstream trip, the boat will cover a distance of D/ 2 with anet speed of v—u, sothe

N D/2 . : ,
timeist, = / = . For the downstream trip, the boat will cover adistance of D/2
v-—u 2(v-u)
. o D/2 D .
with anet speed of v+u, sothetimeist, = = . Thusthetotal time for the
v+u  2(v+u)
D D Dv

roundtripwill be t =t +t, =

2(v—u)+2(v+u) ) (v -u?)|

(b) For the boat to go directly acrosstheriver, it must be angled against

v =U
the current in such away that the net velocity is straight across the o
river, asin the picture. This equation must be satisfied: v
vboatrd = _’boatrel + vwaterrel = v + U ) \7 \ 9 3103:(;9'-
shore . water - shore - Vbo;\t el = v
Thus v, . =VV?—u?, and thetimeto go adistance D/2 across

shore
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67.

68.

69.

D/2 D
\/vz—u2 2\/v2—u2

back, so thetime to come back isgivenby t, =t and thetotal timeist=t +t, =

theriverist = . The same relationship would be in effect for crossing

D

/VZ _ u2 )
The speed v must be greater than the speed u. The velocity of the boat relative to the shore when

going upstreamis v—u. If v<u, the boat will not move upstream at all, and so the first part of the

trip would be impossible. Also, in part b, we seethat v islonger than u in the triangle, since v isthe
hypotenuse.

Choose the origin to be the point from which the projectile is launched, and choose upward as the
positivey direction. They displacement of the projectile is 155 m, and the horizontal range of the

projectileis 195 m. The accelerationinthey directionis a, = —g, and the time of flight is 7.6 s.
The horizontal velocity isfound from the horizontal motion at constant velocity.

AX=Vt — Vv =—=——=257m/s

Calculate the initial y velocity from the given dataand Eqg. 2-11b.
Y=Y, +Vt+iat’ » 155m=v (7.6s)+1(-9.80 m/sz)(7.6 s)” - v,,=57.6m/s
Thustheinitial velocity and direction of the projectile are:

Vy =V, Vo = \/(25.7 m/s)’ +(57.6m/s)’ =|63m/s
o = tanflh = tan*m =
v

25.7m/s

X

Choose downward to be the positive y direction for this problem.
(@) Thevertical component of her acceleration is directed downward, and its magnitude will be

givenby a, =asind =(1.80 m/s’ )sin30.0° =(0.900 m/s*|.
(b) Thetime to reach the bottom of the hill is calculated from Eq. 2-11b, with ay displacement of
335m, v, =0, and a, =0.900m/s’ .

y=Y, +Vt+dat’ — 335m=0+0+%(0.900m/s*)(1)" —

2(335m)
t= |———=[27.3s
(0.900m/s*)

The proper initial speeds will be those for which the ball has traveled a horizontal distance
somewhere between 10.78 m and 11.22 m while it changes height from 2.10 m to 2.60 m with a
shooting angle of 38.0°. Choose the origin to be at the shooting location of the basketball, with

upward as the positive y direction. Then the vertical displacementis y=05m, a, =-9.80 m/:s2 ,

V,, =V, Sing,, and the (constant) x velocity is v, = v, cos6,. Seethe ﬂ agram (not to scale).

P ~
For the horizontal motion at constant velocity, 4
Ax / o, Ay=05m
_ _ _ -
AX=Vt=v,cosft andso t = v oSt A —1078 m_11.22m
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For the vertical motion, applying Eq. 2-11b.
y=Y, +V,t++at’ =v,singt -1 gt*
Substitute the expression for the time of flight and solve for the initial velocity.
AX g(Ax)°
V, COS6, 2V; cos’ 0,

2
y=v,singt-+1gt’ =v,siné Ax —%9( j:Axtane—

V, C0s6,

" - \/ g(Ax)’
° \2cos’ 6, (-y+Axtan6)
For Ax=10.78 m, the shortest shot:
(9.80m/s*)(10.78 m)’

= =110.8m/sg|.
2c0s’ 38.0°[ (~0.5m+(10.78 m) tan38.0°) | /
For Ax=11.22 m, thelongest shot:
9.80m/s?)(11.22 m)°
v, = ( /s )( ) =11.0m/s|.

2005’ 38.0°[ (~0.5 m+(11.22m)tan38.0°) |

70. Choose the origin to be the location at water level directly underneath the diver when she left the
board. Choose upward asthe positive y direction. For the diver, y, =5.0 m, thefinal y positionis

y=0.0m (water level), a, = —g, thetimeof flightis t =1.3 s, and the horizontal displacement is
Ax=3.0m.

(8 The horizontal velocity is determined from the horizontal motion at constant velocity.

v - AX 3.0m

“ t  13s
Theinitial y velocity isfound using Eq. 2-11b.

Y=Y, +Vt+iat’ > 0m=50m+v, (13s)+4(-9.80m/s’ )(13s)" -
v,, =2.52m/s
The magnitude and direction of theinitial velocity is

Vo = V2 + V= \/(2.31m/s)2 +(252m/s)” =[3.4m/s

0 - ton o0 _ o 252 m/s
v, 2.31m/s

(b) The maximum height will be reached when the y velocity iszero. Use Eq. 2-11c.
V=V, +2aly - 0=(252m/s)’ +2(-9.80m/s’)(y,, ~50m) -

You =[5.3m]

(c) Tofindthe velocity when she enters the water, the horizontal velocity is the (constant) value of
vV, = 2.31m/s. The vertical velocity isfound from Eq. 2-11a.

V, =V,, +at = 252m/s+(-9.80m/s*)(1.35) = -10.2m/s.
The magnitude and direction of thisvelocity is given by

AX=vt —

=2.31m/s

—|48° above the horizontal|
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V=V +V = \/(2.31m/s)2 +(-10.2m/s)” =10.458m/s ~ [10m/s

\Y -
6= tan’l_y = '[an’1£rn/S =
v 2.31m/s

X

~77° (below the horizontal )

71. (a) Choose the origin to be the location where the car leaves the ramp, and choose upward to be the
positivey direction. At the end of itsflight over the 8 cars, thecar must beat y=-1.5m.

Also for the car, Vo =0, a,=-g, Vv, =V, and Ax=20 m. Thetime of flight isfound from

the horizontal motion at constant velocity: Ax=vt — t=Ax/v,. That expression for the
timeisusedin Eqg. 2-11b for the vertical motion.

2
A
y=Y,+V t+iat’ — y=0+0+%(—g)[—xj -
VO

- —g(Ax)" ~(9.80m/s*)(20 m)’ ey
"7\ 2(y) _\/ 2(-15m) - [em/

(b) Again choose the origin to be the location where the car leaves the ramp, and choose upward to
be the positive y direction. They displacement of the car at the end of its flight over the 8 cars

must again be y =-1.5m. Forthecar, v, =v,sné,, a, =-g, v, =V, cosd,, and

Ax =20 m. Thelaunchangleis 6, =10°. Thetime of flight is found from the horizontal

motion at constant velocity.
AX

Vv, Cos6,
That expression for thetime is used in Eq. 2-11b for the vertical motion.

AX=vt — t=

2
. AX AX
y=Y,+Vt+iat’ - y=vysing———+i(-g)| —— -
V, COSd, V, C0s6,

VO:\/ g(Ax)° _\/2(( (9.80m/s*)(20 m)’ _[z0m7s

2(Axtang, - y)cos’ 6, 20 m)tan10° +1.5 m)cos’10° -

72. Choose the origin to be the point at ground level directly below where the ball was hit. Call upwards
the positive y direction. For the ball, we have v, = 28m/s, 6,=61,a,=-9g, y,=09m, and
y=0.0m.

(@) Tofind the horizonta displacement of the ball, the horizontal velocity and the time of flight are
needed. The (constant) horizontal velocity isgivenby v, = v, coséd,. Thetime of flight is
found from Eq. 2-11b.

y=Y,+V, t+iat’ - 0=y +ysingt-igt® —

o -V, sing, J_r\/vjs.inzﬁ0 -4(-%9)y,
2(-39)
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_—(28m/s)sin6r’ + \/(28m/s)2 sin’ 61° - 4(-1)(9.80m/s* ) (0.9m)
B 2(-1)(9.80m/s%)

=5.034 5,-0.0365 s

Choose the positive time, since the ball washitat t = 0. The horizontal displacement of the
ball will be found by the constant velocity relationship for horizontal motion.

Ax=V}t =V, cosft =(28 m/s)(cos61°)(5.034s) =68.34m=~

(b) The center fielder catchesthe ball right at ground level. Heran 105 m — 68.34 m = 36.66 m to
catch the ball, so his average running speed would be

, _Ad_3666m
™t 5034s

=7.282mfs~|7.3m/s

73. Sincethe ball is being caught at the same height from

which it was struck, use the range formulato find the Ig;tgﬁ'r?; é’;l X
horizontal distance the ball travels. Initial location
V2 sin26), (32m/s)zsin(2>< 55") 08,188 o 7 of outfielder
9 9.8m/s’ —Y28M 95188 m

Then as seen from above, the location of home plate, the point where
the ball must be caught, and the initial location of the outfielder are
shown in the diagram. The dark arrow shows the direction in which 220
the outfielder must run. The length of that distance is found from the
law of cosines as applied to the triangle.

X = \/a2 +b* - 2abcosd

85m

Home plate

= \/98.1882 +85” — 2(98.188)(85) c0s22° = 37.27 m
Theangle @ at which the outfielder should run is found from the law of sines.

sin22°  sinéd . _1(98.188
= —> 6H=sin

X 98 m 37.27

Since 98.188% > 85° + 37.277, the angle must be obtuse, so we choose 0 = 97°.

Assume that the outfielder’s time for running is the same as the time of flight of the ball. Thetime

of flight of the ball is found from the horizontal motion of the ball at constant velocity.

sin 22°j =81° or 99°

R 98.188 m
R=vt=v cosgt — t= = =535s
v, cos6, (32m/s)cos55°
Ad  37.27m
Thus the average velocity of the outfielder must be v, = — = W =|7.0 m/s at an angle of
35s

relative to the outfielder's line of sight to home plate.

74. Choose the origin to be the point at the top of the building from which the ball is shot, and call
upwards the positive y direction. Theinitial velocity is v, =18 m/s at anangleof 6, =42°. The

acceleration dueto gravity is a, = -g.

@ Vv, =v,cosd, =(18m/s)cos42° =13.38 ~ [13m/s

V,, =V, Sin6, =(18m/s)sin42° =12.04 ~ |[12m/s
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(b) Sincethe horizontal velocity is known and the horizontal distance is known, the time of flight
can be found from the constant velocity equation for horizontal motion.
AX 55 m

v, 1338m/s
With that time of flight, calculate the vertical position of the ball using Eg. 2-11b.
Y=Y, +V,t+at’ =(12.04m/s)(4.111s) +4(-9.80m/s" ) (4.111s)’

—_33.3=

So the ball will strike 33 m below the top of the building.

Ax=vt — t =4.111s

75. When shooting the gun vertically, half the time of flight is spent moving upwards. Thus the upwards
flight takes two seconds. Choose upward as the positive y direction. Since at the top of the flight, the
vertical velocity is zero, find the launching velocity from Eq. 2-11a.

V=V, +al > v, =v, —at=0=(9.8m/s")(205s)=19.6m/s

Using thisinitial velocity and an angle of 45° in the range formulawill give the maximum range for
the gun.

2 g 19.6 ?sin(2x 45°
n_Vesin2g, _(196m/s) sin(2x )=

g 9.80m/s?
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