Assignment #3
Chapter 3 Problems:

3.34 Choose the origin on the floor with i pointing up. Initially, #y = 1.2 m and & = (-9.81 m/s* ﬁ.
t2,
Thus the velocity is ¥(t) = ¥+ (—9.81 m/s? )t1 and the position is T(#) = (1.2 m )i+ + (—9.81 m/'s? :IEI,

When the ring reaches maximum height, its velocity is 0 m/s and its position is (3.0 m )i. Hence the
velocity and position equations become

-

2 T t2.
0m/s = ¥y — (9.81 m/s% )i, and (3.0m)i = (1.2 m)i4 Vg — (9.81 m/s* ]51.

giving two equations in two unknowns.

a) Solve the first equation for ¥5 = (9.81 m/s® ]ti and substitute into the second:

’.‘ ) 3 2.
(3.0m)i=(1.2m)i+ (9.581 m/s* )% — (9.81 m/s )i

Since the ring reaches maximum height after 1t is launched, use the positive root: ¢+ =0.61 s.
b} Use this value of ¢ to find ¥4 = (9.81 m/s” )(0.61s ﬁ = (6.0 m/s ﬁ.

¢)  When the ring hits the floor its position is the zero vector 0 m/s, so from the position equation:

5 . 2,
O0m = (1.2 n]j1+ (6_0 lnl,"llsjrl—'- E_ghgl m;"’sg :]?L

fﬂ
which implies that (—9.81 m/s? )—+ (6.0 m/s )t + 1.2 m = 0 m. The quadratic formula gives two roots,

t =—0.17s and ¢ = 1.4 5. Since the ring lands after it was launched, t =1.4=.

-

d) Use f=1.4s in the velocity equation to find ¥ = (—7.7m/s)1. So v ="7.Tm/s.

3.57 Choose a coordinate system with i pointing up and with origin on the ground. Then v, = 3.0 m/s
and a, = —9.81 m/s?. The equation for the z-component of the position vector is
t2 t
2(t) = @0 + Va0t + az = 70 + (3.0 m/s)t +(-9.81 m/s* ).

When t = 1.5 s, the pine cone is at the origin, so

(1.5s)?

Om =zg+ (30m/s)(1.55) 4+ (—9.81 m/s")

Solving for g, 20 = 6.5 m.



3.60
a) Choose a coordinate system with i pointing up and the origin at the point of release. Then, for the first
rock g =0m, vyp = 0m/s, and a, = —9.51 m;’s2 . The position equation is

2 2
i
@(t) = w0 + Vot + 0o = (—9.81 m/s* jE.

rﬂ
When the rock hits the water, its position is * = —269 m, s0 —260 m = (-9.81 m/s* )5 Solve for ¢ to

find t = £7.41 s. Since impact ocours after t = 0 s, we use the positive root: t =7.41s.

b)  Use the same spatial coordinate system for the second rock, but let ¢ = 05 be the time of the second
rock’s release. Its flight time is 1.00 s less than the first rock’s, or 6.41 s. For the second rock we also have
xp=0m and a, = —9.81 m/s” . Its position equation is

t2 t2
w(t) = 0+ vant + Gz = vzt + (—9.81 m/s* j;.

The second rock hits the water when { = 6.41 s and » = —269 m. Hence,

6.41s)°
—260m = w6415 ) — (9.81 111;’52 )%.

Solve for vyg: v = —10.5 m/s. Thus, the initial velocity of the second rock is (—10.5 m/s ﬁ. The speed is
the magnitude of the velocity, so the initial speed is v = 10.5 m/s.

3.65 Takei to point down and let the origin be at the top of the well. Let the {unknown) depth of the
well be d. For a rock falling from rest we have xy = 0 m, vy = 0 m/s, and a, = g. Using these initial
values, the r-component of the position vector of the ball at the time ¢ when it reaches the bottom of the

?2
well is d = 9580

2d

t=,/—.
Vg
d
The time ¢ for the sound of the splash to propagate from the hottom to the top of the well is ¢’ = -
where v, is the speed of sound. Thus, the total time T, from the release of the rock until the splash is heard
at the top of the well, is

—
12d d
T=t+t=,/—+—.
V7w
The time T is given as 3.00 =, hence
300s =, —24 4
TV esim/st T 343 m /s
Let & = +/d. Then in terms of o
3.00 5 —(0452 Va4
‘ ST T m 1-”*) 343m/s’



Clear fractions and transpose:
a? 4 (155 ml-“'zjn —1.03%x10°m =01m.
This is quadratic in «. Use the quadratic formula to solve for the positive root:

o=65m"?.

Since o = d, the depth of the well is

d=(6.5m ”QJQ =42m.

Chapter 4 Questions:

4.15

a) All the fleas have the same initial vertical velocity component vyo since they all rise to the same height.
Flea C hasthe greatest initial horizontal velocity component vy (that remains constant during the
motion.) Hence flea C has the greatest initial speed vo Since Vo = {Vxo” + Vyo'} 2.

b) They all arein the air for the same time interval since they al rise to the same height.

¢) All have the same magnitude of acceleration during their flights (g).

d) Flea C has the greatest horizontal velocity component since it traveled the greatest horizontal distance.

€) They al have the same vertical velocity component that is greatest at the instant of launch.

4.33

@




Chapter 4 Problems:

4.6

a) Choose the coordinate svstem with i pointed to the right, j pointed up, and the origin at ground level
directly under the point from which the boulder is ejected.

b}  Use the coordinate system from part a) and make the following identifications

=25 x 10% m g =0m
Uyo = Upsindl® Uy = U cos 40
ay =—g ap =0m/s?.

The equations for the velocity components are then

Uy(t) = vy, + ayt = vgsind0® — gt Uy (1) = tpg + @yt = v cos 407,

The equations for the position coordinates are

t2 5
y[f:l = Yo + i-ygr + C[»Q-E :l_-.l:r:l = xq+ veof + GTE
2
= 2.5 % 10% m + vy (sin 40°)f — g% — vo(cos 40°)t.

c) Impact occurs where # = 6.0 % 10° m and y =0 m. The equation for  hecomes
6.0 % 10 m = vy(cos40°)t.
6.0 % 10° m

i cos 400
The equation for y becomes

Solve for £ to find t =

rz
Om =2.5x 10° m +vo(sind0°)t — g—-.

Substitute the value for ¢ and find

6.0% 10°m )2

6.0 % 10° ( , o
Om = 2.5 % 10° m + vg(sin40°) = m 4 vgeosdl
g cos 407 2

Solve this for vy,
vg=2.0x% 10° m/s.
With the initial speed known, we can find the time of flight,

_ 80x 0¢m 6.0 x 10° m _ 304
T ygeosd0f (2.0 x 102 m/s) cos 40° ’




4.9
a) Choose a coordinate system with i pointing, right,j pointing up, and origin at the launch point of the
soccer hall.

b) In this coordinate system,

o =0m ap =0m
vy = (20.0 m/s ) sin 30.07 Upg = (20.0 m/s ) cos 30.0"
=10.0m/s =173 m/s
Ay, =-—g a;, =0m/s.
The equations for the velocity and position components are
vy(t) =10.0m/s — gt ve(f) =17.3m/s
I‘-ﬂ
y(t) = (00m/s)t - g x(t) = (17.3m/s)t.

¢) The soccer ball impacts when y(t) = —40.0 m . Substitute this into the equation for y(t),

rﬂ
—40.0m = (10.0 m/s)t — 93

and then use the quadratic formula to solve for ¢. The two roots are t = 4.05 s and t = —2.01 5. Since
impact occurs after ¢+ = 0 s (the time when the ball iz kicked), choose the positive root. Thus, the flight
time is 4.05 5.

d) The z-coordinate of the impact point is determined from the equation for x{t) with t = 4.05 s.

2(t) = (17.3m/s)t = (17.3 m/s)(4.05) = 70.1m .

The coordinates of the impact point are therefore » = 70.1 m and y = —40.0 m.

4.21

a) Choose a coordinate system with 1 pointing to the right, j pointing up, and origin on the ground directly
below the launch point.
In this coordinate system

yo =15m rp =0m
. _ - RO _ Yo — o= — Yo
tUyp = vpsindst = — Upg = tpoosdht = —
V2 N
ay, =-—gq a, =0m/s*.
So, the equations for the velocity and position components are
Vi o
vy(t) =% — gt w(t) =
V2 ) V2
iy t &y
t) =15m 4+ —t— g— x(t) = —=t
u(t) N NG

The r-coordinate of the upright piano’s impact point is 140 m. Use this information in the equation for
() at the time of impact,

140m = 224
V2

and solve for the impact time:

(140 m )2

(8]

t =



The y-coordinate of the impact point is 0 m. Hence, the equation for yi(t) yields

0m =151111+ir—gf_2
V2 2’
Substitute the expression for the impact time into this equation,
((140 m )uﬁ) : ((140 m )Jﬁ) :
o : .
0m =15n1+5—%((140;2)v2) -7 t; =155m—g+.

and solve for v:
vg =35 m/s.
b) The average acceleration is the change in velocity divided by the time required to make that change:

. AV V=T 35 m/s){cos45” i—i— 35 m/s)(sin45°)] — 0 m,s 5 5
Aave = E — f‘lr — l: 4 :”: :I |:1 = ! :”: :I-] i — Elﬁ ln,-'fsg :|1+ |:10 111"],{52 :|‘].

The magnitude of the average acceleration is

|
Vave = 1/ (16 m/s? )2 4 (16 m/s* )2 = 23 m /=% .

4.28 Choose a coordinate system, with the origin at the point where the ball was hit (one meter above
home plate), 1 pointing from the origin to the point where the ball was caught, and j pointing up. Then

yo =0m g =0m
tyo = vgsind tpg = vpecosf
iy =—4 a, =0m/s".
So, the equations for the velocity and position components are
vy(t] = vgsint — gt ve(t) = vpcosd
. t*
ylt) = (vo 5111'9:'?—55 z(t) = (vocosf)t

a) The ball is caught at + = 90.0 m, when t = 3.00 5. Use this in the equation for .
A.0m = (vgeosf)(3.008 ),

B0

(1) vgeostl = 30.0m/s.

Also, when the ball is caught the y-coordinate is 0 m and ¢ = 3.00 5. Hence, the equation for y at f = 3.00 s
is

3.005)?
Om = (vpsin#)(3.00 s) — (9.81 m/s" 3%.
which reduces to
(2) vosinf = 14.7 m/s.
Divide equation (2) by equation (1) to eliminate vq.
v = m/
vosind _ 147m/s 90490 — 6= 26.1°,

vpeosf  30.0m/s



b)  Now that we know & = 26.1°, we may find the initial speed of the ball from either equation (1) or (2).
Using equation (2),

14.7 m/s

vpsin26.1° =14.7mfs = vy = a6l 334m/s.

¢) At maximum height, v, = 0 m/s, so from the equation for v,

{33.4 m/s )sin 26.1°

Om/s = (33.4m/s)sin26.1% — (0.81 m/s> )¢
! ( /s) ( /5) 9.81 m/s*

|

t= =150s.

Use this time in the equation for y to determine the maximum value of .

1505)?
U305 _ 1yom.

Umnax = (33.4 m/s)(sin 26.1")(1.50 ) — (9.81 m /5" )

Since the origin of our coordinate system is 1.00 m above the ground, the actual maximum height of the
ball above the ground is 11.0m +1.00 m = 12.0 m.

4.39 The geometry and a coordinate system are shown below.
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I
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Let v be the speed of the plane with respect to the ground. Then
Vplans ground = U].
The velocity of the wind is
Vair ground = (100 km/h ) cos45°1 + (100 km /h ) sin45°] = (71 km/h)i + (71 km/h )j.
The three velocities are related by the relative velocity addition equation.
Vilane ground = Vplane air + Vair ground-
BRearrange this slightly.
Fptane air = Vplane gound = Vair ground = v = ( (71 km/h)i+ (71 km/h)j) = (=71 km/h )i+ (v — 71 kan/h ).

We know the speed of the plane with respect to the air. It is just the magnitude of ¥pjape air. Use the
equation ahove to evaluate

Vplane air ® Vplane air = Uplane air = (700 km/h)* = (700 km/h}* = (—71 km/h)* + (v — 71 km/h )*.
Compute the square on the far right, and then rearrange the terms.

v? — (142 km/h jv — 4.80 x 10°( km/h)* = 0 km/h )*.



Use the quadratic formula to solve for v and, since v must be positive, take the positive root. Thus, the
ground speed of the plane is

v="T7.7x 10 km/h.
The velocity of the plane with respect to the air then is
Vplane air = (—71 km /h)i4 (7.7 % 10° km/h — 71 km/h)j = (=71 km/h )i+ (7.0 % 10% km/h)j.

From the picture at the beginning of the problem, the heading ¢ of the plane with respect to the direction
north satisfies

_ Tlkm/h _
T 70x102km/h

. Uy
tang = |—

Uy

0.10,

]

g0 @ =5.7%.
4.45 The situation and a coordinate system are indicated below:

Yooz ground i (northj

N

_____ | - —_— =
Vool ground

a) Flight 001 has a velocity with respect to the gronnd of

 (east)

V01 ground = (600 km /h)i.

Flight 002 has a velocity with respect to the ground of

F002 ground = ((—700 km/h ) cos 457 )i+ (700 km /h ) sin45°)j = (—495 km/h )i+ (495 km /h)].
The velocity of flight 002 with respect to flight 001 is found from the relative velocity addition equation:
Vooz 001 = Vo2 ground + Vground oo1-

But
Varound 001 = —Voo01 ground-

Hence, the relative velocity addition equation becomes

Vooz 001 = (—495 km/h )i + (495 km/h )j + (—600 km/h )i = (—1095 km/h )i+ (495 km/h)j.

bl The speed is the magnitude of the vector Foos ooi:

Upoo ool = \,f(—lDQS km/h )2 + {495 km/h )? = 1.20 = 10° km/h.



4.55
a) Assume the orbit is circular. The speed with which the Moon circles the Earth is

27 2m(3.84 < 10° km) (27.‘(3.84 % 10° kmj) (103 111) ( d

YEAr T 273224 27 a22d km 86400 = 107 5

) =1.02 x 10° m/s.
The magnitude of the centripetal acceleration is

vt (1L02x10° m/s)?
Toentripetal = . 381~ 10°m

=271 % 107¥ m/s*.

b) The ratio is

. g o= -3 [
Qeantripetal _ 2.71 x 10 m/s =276 % 10_‘1 |- p—
g 9.81 m/s” 3600

4.62
a) The tip of the mimite hand travels one cirenmference during one hour. Hence
Irr  2m(4.30m )

v= = L =750x 10" m/s.
At 3600 s

b) The magnitude of the centripetal acceleration is

v (7.50 x 10~* m/s)? s
Qoamtripetal = T = 130m ! =1.31x 107" 1‘11l,"'S2 .

c) A year of 365 days has (365 d) # = &A760 hours. Each hour, the tip of the hand travels one

circumference of radius 4.30 m. Hence the total distance traveled by the tip of the minute hand in a year is

(8760 h )(27)(4.30 m/h) = 2.37 x 10° m = 237 km.

4.75
a) Choose k to he the parallel to the angular velocity vector &, as determined from the right-hand rule.
With this choice, k is directed into the page in Figure P.75 on page 165 of the text.

h) The magnitude of the centripetal acceleration is the magnitude of the component of the total acceleration
directed toward the center of the circle.

fcentripetal = (40.0 111;’52 jeos 20.0° = 37.6 111;’.32 .

¢) The magnitude of the tangential acceleration is the magnitude of the component of the total acceleration
tangent to the circle.

Qpangersial = (40.0 m/s* ) sin20.0° = 13.7 m/s* .

d) The magnitude of the centripetal acceleration is
2
Oeentripetal = Tl .
In part b) we found that deentripetal = 37.6 m;’s2 and » = 4.00 m. Therefore,

fcentripetal = rw? = 376 m;’s2 =({4.00m)w® = w=307 rad/s = & = (3.07 radfs)l::.



e) The magnitude of the tangential acceleration is
(tangential = T,

where « is the magnitude of the angular acceleration and r is the radius of the circle. Hence, using the
result from part c),

13.7m/s* = (4.00m)a = a =343 rad/s".

The tangential acceleration is opposite in direction to the velocity of the particle, so it is slowing down. The
angular acceleration vector is therefore opposite to the direction of &, and therefore in the direction —k.
Hence

i =—(343 rad/s* k.

f)  The particle is slowing down in its circular motion.

g) The tangential acceleration has constant magnitude since it depends only upon o and », both of which
are constant. The centripetal acceleration depends upon both v and the angular speed. Since the angular
speed is changing with time, then the magnitude of the centripetal acceleration also changes with time.

h) The angular velocity component is
walt) = wen + a2t = w,(t) =3.07 rad /s — (3.43 rad/s" )t.
When the particle comes to rest, its angular velocity component is zero, so

Orad/s = 3.07rad/s — (3.43rad/s* )t. = t=0.805s.



