Chapter 6 Solutions

_ 200m
(a) Averagespeed=v = %05 8.00 m/s

2

200
(b) F :g wherer = an =318m

_ (1.50 kg)(8.00 m/s)?
Ty rra——

(a) ZF,=ma,

_mv2  55.0kg (4.00m/s)?
T=== 0.800 m =|1100 N
(b) The tension is than her weight by
1100 N :
(55.0 kg)(9.80 m/s?) ~

m = 3.00 kg: r=0.800 m. The string will break if the tension exceeds the weight corresponding to
25.0 kg, so

Tmax = Mg = 25.0 x 9.80 = 245 N

When the 3.00 kg mass rotates in a horizontal circle, the tension provides the centripetal force,
o)
_mvZ _ (3.00)v?

r ~ 0.800
rT  0.800T (0.800Ta)  0.800 x 245
Then v = == 50~ < 3.00 3.00 5.3 me/s

and 0<v<\/65.3 0r|0 <v<8.08 m/s|
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Goal Solution
The string will break if the tension T exceeds the test weight it can support,

Trmax = Mg = (25.0 kg)(9.80 m/s?) = 245 N
As the 3.00-kg mass rotates in a horizontal circle, the tension provides the central force.

=0.800 m
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Chapter 6 Solutions

mv2
From F=ma, T =

A /rTmaX __ {(0.800 m)(245 N) _
Then, v < o —‘\/ (3.00 k) =8.08 m/s

So the mass can have speeds between 0 and 8.08 m/s. ¢

_mvZ  (9.11 x 10-31 kg)(2.20 x 105 m/s)? _ — .
6.4 (a) F= — = 0530 x 100 m =18.32 x 108 N| inward

_vZ2  (2.20 x 10° m/s)?
(b)  a= =530 x 100 m

=19.13 x 102 m/s?| inward

. o my?2
6.5 Neglecting relativistic effects. F = ma,=——

(2.998 x 10" m/s)?

- 27 - 12
F= (2% 1661 x 10?7 kg) ~=— e 6.02 x 1012 N
GmM 2 M.G
6.6 (a) We require that — g =% butg= Rez

€

i - 9_Y2 =4 /ﬂ
In this case r = 2R,, therefore, 4 "R, orv= >

9.80 m/s2)(6.37 x 108
v=\/( - S)(z >0 - 559 x 107 m7s
_2m _ (2m)(2)(6.37 x 10° m) _ .
®)  T=5" =Ssox100mss

_GmM, mg _ (300 kg)(9.80 m/s?) _
(c) F "R "2 © 2 -

6.7 The orbit radius is r = 1.70 x 106 m + 100 km = 1.80 x 10¢ m. Now using the information in
Example 6.6,

GM,m;  mg227Pr2
- rT?

_GMy,, _ (6.67 x 10-11)(7.40 x 10%2) _
(a) a= 7 = (1,80 x 105 m)? =|1.52 m/s?

2

(b) a= VT .v=1/(1.52 m/s?)(1.80 x 105 m) = [1.66 km/s]

=mga

_2m _2m(1.80 x 106)
(c) V——,T—W— 6820 s
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4 Chapter 6 Solutions

6.8 (a) Speed = distance/time. If the radius of the hand of the clock is r then

2mr
V—?D vT =2mr

M =0 TV = ToVs

where v, = 1.75 x 103 m/s, T,, = (60.0 x 60.0)s and T, =60.0 s.

_ w0, _[3.60 x 10% s . .
Vs = .0V T 0 600s  [n 0 X107 m/s) =[0105m/s

2 T (0.105 m/s)(60.0
by v 1L for the second hand, r = - ( m/s)( s) =1.0
T 2 21

0 m

v2  (0.105 m/s)?

== = -2 2
Then a, =~ oo = LL10 x 102 m/s?|

s @

(b) mai=fi+nj+mg(-j)
2Fy=0=n-mg

2
thus n=mg and ZFr:mVT =f=pn=pmg

V2 (50.0 cm/s)? _
Then K={g" =(30.0 cm)(980 cm7s7) 20850

v2
a :—r =

6.10 6.0 m [80m7s2]

0.9669

6.11 n=mgsincea, =0

The centripetal force is the frictional force f. —

From Newton's second law

mv?2

f=ma =——

mg

© 2000 by Harcourt College Publishers. All rights reserved.



But the friction condition is

f<ugn

. mv?2
e, —— <umg

v<afisrg =4/(0.600)(35.0 m)(9.80 m/s?)

612 (b) v=3rge =[6samss]

1
The radius is given by 7 2rrr=235m

r=150m

2
(a) a-= [Dyr_g toward center

_ (6.53 m/s)?

50m at 35.0° north of west

= (0.285 m/s?)(cos 35.0°(- i) + sin 35.0° j)

= [-0.233 m/s?i +0.163 m/s? |

© 3= (Vft_Vi)

_ (653 m/s j—6.53 m/s i)
- 36.0s

= [-0.181 m/s?i +0.181 m/s? |

Chapter 6 Solutions
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6 Chapter 6 Solutions

6.13 T cos 5.00° =mg = (80.0 kg)(9.80 m/s?)

(a) T=787N

T={(68.6 N)i + (784 N)j

(b) T sin5.00° =ma,

a, = 0.857 m/s?|

mg
6.14 (a) The reaction force n, represents
ng
the apparent weight of the woman
F=ma
\%
a e
. my?2 mv?2 l
ie, mg-n,=——,son;=mg ———
r r
_ _[$00] (9.00)2
n; = 600 @800 110 149 N %

2
(b) 1f n;=0, mg=——

This gives v = \/r_ =4/(11.0 m)(9.80 m/s?) = |10.4 m/sl
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6.15

6.16

6.17

Chapter 6 Solutions

Let the tension at the lowest point be T.

F=ma

(8.00 m/s)?]

00m [ =1.38 kN > 1000 N

2
T=m % + X0 - (85,0 kg) %.80 m/s? +

He doesn't make it across the river because the vine breaks.|

mg

_VvZ _(4.00m/s)? _ >
@ a==U000 .
(b) a :‘\/af + ai
a=(1.33)2 + (1.20)2 = [1.79 m/s’|

at an angle 6 =tan™! 20
@0

M=40.0kg, R=3.00m, T=350N

T T
(a) ZF:2T—Mg:NlIQV2 T 1
2 — (9T — Moy (R
v2 = (2T - Mg) M0
00 1
v2 = [700 — (40.0)(9.80)] gﬁg = 23.1(Mm?/s?) Mg
child + seat

v=4.81m/s
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8

Chapter 6 Solutions

Mv?2 Mg

(b) n-Mg=F= R

/ child

Mv?2
n= g+— _400%80+300D m |:\ alone

Goal Solution
G:

If the tension in each chain is 350 N at the lowest point, then the force of the seat on the child
should just be twice this force or 700 N. The child’s speed is not as easy to determine, but
somewhere between 0 and 10 m/s would be reasonable for the situation described.

We should first draw a free body diagram that shows the forces acting on the seat and apply
Newton’s laws to solve the problem.

. We can see from the diagram that the only forces acting on the system of child+seat are the

tension in the two chains and the weight of the boy:

V2o . .
>F =2T - mg = ma where a =T Is the centripetal acceleration

F = Fret = 2(350 N) — (40.0 kg)(9.80 m/s2) = 308 N upwards

maxr (308 N)(3 00 m)
‘\’ '\/ 20.0 kg =481 m/s ¢

The child feels a normal force exerted by the seat equal to the total tension in the chains.
n =2(350 N) =700 N (upwards) ¢

Our answers agree with our predictions. It may seem strange that there is a net upward force
on the boy yet he does not move upwards. We must remember that a net force causes an
acceleration, but not necessarily a motion in the direction of the force. In this case, the
acceleration is due to a change in the direction of the motion. It is also interesting to note that
the boy feels about twice as heavy as normal, so he is experiencing an acceleration of about
29’s.

6.18

(a) Consider the forces acting on the system consisting of the child and the seat:

2

>Fy=ma, 0 2T—mg:m\é—

.
R @T_ O
V'R 90

:«/ 2T _ .0
v REm g[
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Chapter 6 Solutions
(b)

Consider the forces acting on the child alone:

v2[]
2Fy=ma,0 n=m +ED

T
and from above, v2=R E?—— gg, 0]

2T
n:m%+ﬁ—ggz

mv?2
6.19 2F, == = mg+n

But n =0 at this minimum speed condition, so

mv?2

— =mg0 v= Vor =V(9.80m/s?)(1.00m) =[3.13 m/s]

6.20 At the top of the vertical circle,
V2
T= mﬁ -mg
_ (4.00)? _
or T =(0.400) 0500 (0.400)(9.80) = (8.88 N
6.21 (a) v=20.0m/s,n=force of track on roller coaster, and R =10.0 m.
Mv2
SF= R =N- Mg

From this we find

2 (500 kg)(20.0 m/s?)
j— = ?) 4
n= Mg +—=— = (500 kg)(9.80 m/s?) + 100m

n=4900 N + 20,000 N = |2.49 x 104 N

B
C
r /N
15m
10%m AN
A
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10 Chapter 6 Solutions

Mv?2

(b) AtB,n-Mg=- R

The max speed at B corresponds to
n=0

2

My,
-Mg = ——=" [ Vimax = VRg =4/15.0(9.80) = [12.1m/s|

6.22 (a) a ="

_vZ  (13.0m/s)?
Ta,  2(9.80m/s?)
(b) Let n be the force exerted by rail.

, . M2
Newton's law gives Mg + n =

2
n=M [Dyr—— gg =M(29-9) = |Mg, downward

vz (13.0m/s)? >
(c) a= T oom - 8.45m/s

If the force by the rail is ny, then

Mv?2
r

n,+ Mg = = Ma,

n,; = M(a, — g) which is <0,
since a, = 8.45 m/s?

Thus, the normal force would have to point away from the center of the curve. Unless
they have belts, the riders will fall from the cars. To be safe we must require n; to be
positive. Then a, >g. We need

2
VT >g or v>4rg =4/(20.0 m)(9.80 m/s?)

v>14.0m/s

_2m _2713.00 m)
© T (12.059)

_v2  (1L57m/s)? >
(a) a= T @Eoom) 0.822 m/s

6.23 =157m/s
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6.24

6.25

Chapter 6 Solutions 11

(b)  For no sliding motion,

fi = ma = (45.0 kg)(0.822 m/s?) = [37.0 N

37.0 N
©)  f=Hmg, 1= G5 5 kg)9.80 m7s?) - 129839

T 180N
= = —_—= = 2 H
(a) 2ZF,=Ma, a M 5.0 kg 3.60 m/s?| to the right.

(b) Ifv=const,a=0,so (This is also an equilibrium situation.)

(c) Someone in the car (noninertial observer) claims that the forces on the mass along x are T
and a fictitious force (-Ma). Someone at rest outside the car (inertial observer) claims
that T is the only force on M in the x-direction.

A

O 5.00 kg

(@] (@]

>F, =T sin 6=ma, (D
SF,=Tcos8-mg=0

or Tcosf8=mg (2)

a
(a) Dividing (1) by (2) gives tan ng—x

BxO_ . 3.0077_ .
' po-@n ! @_80[]‘

may _ (0.500 kg)(3.00 m/s?)
sin @~ sin 17.0° =[512N

6 =tan-

(b) From(1),T=

© 2000 by Harcourt College Publishers. All rights reserved.



12

Chapter 6 Solutions

Goal Solution

G: If the horizontal acceleration were zero, then the angle would be 0, and if a = g, then the
angle would be 45°, but since the acceleration is 3.00 m/s?, a reasonable estimate of the angle
is about 20°. Similarly, the tension in the string should be slightly more than the weight of
the object, which is about 5 N.

Inertial
TA6 Observer

O: We will apply Newton’s second law to solve the problem.

A: The only forces acting on the suspended object are the force of gravity mg and the force of

tension T, as shown in the free-body diagram. Applying Newton's second law in the x and y
directions,

Tcoso

O

sin 6

mg

SF,=Tsin 8=ma(1)
>Fy=Tcos 6-mg=0
or TcosB=mg (2)
(a) Dividing equation (1) by (2) gives

tan 9=2 = 3.00 m/s?
an g 9.80m/s?

=0.306
Solving for 6, 6= 17.0°
(b) From Equation (1),

_ma _ (0.500 kg)(3.00 m/s?)
“sin@ sin (17.0°)

=512N

L: Our answers agree with our original estimates. This problem is very similar to Prob. 5.30, so
the same concept seems to apply to various situations.

© 2000 by Harcourt College Publishers. All rights reserved.




6.26

6.27

*6.28

Chapter 6 Solutions 13

(@) >Fr=ma

4TPR 6.37 x 105 m
= — —_— 3 =
T 9 2 980 m/s2 5.07 x 10 1.41h

Vnew _ Tnew _ Tcurrent _ 240 h

= = = =[17.1
Veurrent 27R Thew 1.41h

(b) speed increase factor =

Fmax = Fg+ ma=591 N
Fmin =Fg—ma=391N
(a) Adding, 2F; =982 N, Fy=[491 N

491 N

(b) Since Fy=mg, m= 980 m/ -

50.1 kg

(c)  Subtracting the above equations,

2ma = 200 N 0 a:

In an inertial reference frame, the girl is accelerating horizontally inward at

2 (5.70 m/s)?
R AL A 2
r T 2d40m  Leom/s
In her own non-inertial frame, her head feels a horizontally outward fictitious force equal to its
mass times this acceleration. Together this force and the weight of her head add to have a
magnitude equal to the mass of her head times an acceleration of

Vg2 + (v2/r)2 =4/(9.80)2 + (13.5)2 m/s? = 16.7 m/s?

6.7
This is larger than g by a factor of m =171

Thus, the force required to lift her head is larger by this factor, or the required force is

F=171(850 N) =

© 2000 by Harcourt College Publishers. All rights reserved.
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6.29

*6.30

6.31

Chapter 6 Solutions

R N
g = eg cos 35.0° = 0.0276 m/s2

ar =

(anet)y = 9.80 — (ar), = 9.78 m/s?

(@net)x = 0.0158 m/s?

f— ax - o
6= arctan 2 - 0.0927

y

(exaggerated size)

.7 3500
-+-/--------L--------Equator-------------- -
m = 80.0 kg, vy =50.0 m/s, mg:DF;A\é D% :vﬂ; =0.314
T
(a) At v=30.0m/s
= —M :9.80—%%3()0)2 :|6.27 m/s? downward

(b) Atv=50.0 m/s, terminal velocity has been reached.

2Fy=0=mg-R

O R=mg = (80.0 kg)(9.80 m/s?) = [784 N directed up

(c) At v=30.0m/s

D pAv?
p2 = (0.314)(30.0)2 = [283 N| upward

(a) a=g-bv

When v =v,a=0and g = bvr.

The Styrofoam falls 1.50 m at constant speed v+ in 5.00 s.

y 150m

'y =m =0.300 m/s

Thus, vy =

9.80 m/s?
— - -1
Thenb= 0300 m7s 32.7s

© 2000 by Harcourt College Publishers. All rights reserved.



*6.32

*6.33

6.34

Chapter 6 Solutions

(b) Att=0,v=0anda=g=]9.80 m/s?| down

(c) Whenv=0.150 m/s,

a=g-bv=9.80m/s2-(32.7 s1)(0.150 m/s) = down

1
(a) p=g; i A=00201m2R=5 PADY; =mg

m = pV = (0.830 g/cm?) %n(&oo cm)3g =1.78 kg

Assuming a drag coefficient of D = 0.500 for this spherical object,
_ 2(1.78 kg)(9.80 m/s)
Vi = \/0_500(1.20 kg/m3)(0.0201 m2) ~ 53.8 m/s

(b) Vi =v? +2gh =0+ 2gh

Vi (53.8 m/s)?

h =24 T2080m/sD)

15

Since the upward velocity is constant, the resultant force on the ball is zero. Thus, the upward

applied force equals the sum of the gravitational and drag forces (both downward):
F=mg + bv.

The mass of the copper ball is

Amad
3

=003 00 x 10 K90 25 =
= m8.92 x 1035 ——(2.00 x 102 m) 3 = 0.299 k
K ma ) J

The applied force is then

F = mg + bv = (0.299)(9.80) + (0.950)(9.00 x 10-2) = [3.01 N

ZFy = may

+T c0s40.0°-mg=0 N =t

um

—
- 40.0 m/s

T= (620 kg)(9.80 m/s?)
B cos 40.0°

=793 x103N
2 Fx = may
-R+Tsin40.0°=0 620 kg

R = (7.93 x 10° N) sin 40.0° = 5.10 x 103 N =3 DpAV?

2R 2(5.10 x 10° N)(kg m/s?/N) 140

D =5AvZ = (1.20 kg/m?)3.80 m2 (40.0 m/s)2

© 2000 by Harcourt College Publishers. All rights reserved.



16 Chapter 6 Solutions

6.35 (a) At terminal velocity,

R=vib=mg

_mg _ (3.00 x 102 kg)(9.80 m/s?)
Ob= Ve - (2,00 X 102 m7s) =|147NE/m

(b) From Equation 6.5, the velocity on the bead is

V = vy (1 - eb¥m)

v =0.630 v; when e®m=0.370

or at time t = — %1% In(0.370) = [2.04 x 103 5

(c) At terminal velocity,

R=vib=mg=]2.94 x 102 N

*6.36  The resistive force is

1 1
R=5 DpAV? = > (0.250)(1.20 kg/m?)(2.20 m?)(27.8 m/s) 2

R=255N

a=-R/m =—(255 N)/(1200 kg) = [-0.212 m/s?

6.37 (a) v(t)=ve™
v(20.0 s) = 5.00 = v;20.0¢ v; = 10.0 m/s

So 5.00 = 10.0e-20.0¢

and —20.0¢ = In %B

Ingﬂ

© 2000 by Harcourt College Publishers. All rights reserved.



Chapter 6 Solutions 17

(b) Att=400s

v = (10.0 m/s)e~40-0¢ = (10.0 m/s)(0.250) = | 2.50 m/s

(c) v=ve

a—dv =—cviet=|-cv
Tdt T moT

6.38 3F, =ma,

dv
- 2 = =m—
kmv2 = ma, =m 10

K j; dt= [ v2av

Vi

===

vV Vg

-1
—K(t - 0) :‘:—1% CE

Vi
(1 + ktvy)

1 .
*6.39 InR =5 DpAvZ, we estimate that D = 1.00, p = 1.20 kgZ/m3, A = (0.100 m)(0.160 m) = 1.60 x 102 m?

and v = 27.0 m/s. The resistance force is then
1
R= 5(1.00)(1.20 kg/m3)(1.60 x 102 m?)(27.0 m/s) 2=7.00 N

*6.40 (a) Atv=vy, a=0, - mg-bv;=0

-m 3.00 x 1073 kg)(9.80 m/s?2
v =7 - 9 ) ~[osom7s

3.00 x 102 kg/s

© 2000 by Harcourt College Publishers. All rights reserved.
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*6.41

Chapter 6 Solutions

(b)

(a)

t(s) x(m) v(m/s) F(mN) a(m/s?)
0 2 0 -29.4 -9.8
0.005 2 -0.049 -27.93 -9.31
0.01 1.999755 -0.09555 -26.534 -8.8445
0.015 1.9993 -0.13977 -25.2 -8.40
... we list the result after each tenth iteration
0.5 1.990 -0.393 -17.6 -5.87
0.1 1.965 -0.629 -10.5 -3.51
0.15 1.930 -0.770 -6.31 -2.10
0.2 1.889 -0.854 -3.78 -1.26
0.25 1.845 -0.904 -2.26 -0.754
0.3 1.799 -0.935 -1.35 -0.451
0.35 1.752 -0.953 -0.811 -0.270
0.4 1.704 -0.964 —0.486 -0.162
0.45 1.65 -0.970 -0.291 -0.0969
0.5 161 -0.974 -0.174 —0.0580
0.55 1.56 -0.977 -0.110 —0.0347
0.6 151 -0.978 -0.0624 -0.0208
0.65 1.46 -0.979 -0.0374 -0.0125

Terminal velocity is never reached. The leaf is at 99.9% of v, after 0.67 s. The fall to the

ground takes about 2.14 s. Repeating with At = 0.001 s, we find the fall takes 2.14 s.

Whenv=v, a=0, SF=-mg+ Cv; =0

Vi=—

mg _
= =-

(4.80 x 10~ kg)(9.80 m/s?)

2.50 x 10> kg/m

© 2000 by Harcourt College Publishers. All rights reserved.

- [T



6.42

(b)

(a)

(b)

t(s) x(m) v(m/s) F(mN) a(m/s?)
0 0 0 —-4.704 -9.8
0.2 0 -1.96 —4.608 —-9.5999
0.4 -0.392 -3.88 —4.3276 -9.0159
0.6 -1.168 -5.6832 -3.8965 -8.1178
0.8 -2.30 —7.3068 -3.3693 —-7.0193
1.0 -3.77 -8.7107 -2.8071 -5.8481
1.2 -5.51 -9.8803 —2.2635 -4.7156
14 —-7.48 -10.823 -1.7753 -3.6986
1.6 -9.65 -11.563 -1.3616 —2.8366
1.8 -11.96 -12.13 -1.03 -2.14
2 -14.4 -12.56 -0.762 -1.59
... listing results after each fifth step
3 -27.4 -13.49 -0.154 -0.321
4 -41.0 -13.67 -0.0291 —0.0606
5 -54.7 -13.71 —0.00542 -0.0113

Chapter 6 Solutions

The hailstone reaches 99.95% of v, after 5.0 s, 99.99% of v, after 6.0 s,
99.999% of v, after 7.4 s.

At terminal velocity, YF =0=-mg + Cvf .

C=

mg _ (0.142 kg)(9.80 m/s?)

5 =

Vi

Cv2 = (7.70 x 10 kg/m)(36.0 m/s)2=]0.998 N

(42.5 m/s)?

={7.70 x 104 kg/m

© 2000 by Harcourt College Publishers. All rights reserved.
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20 Chapter 6 Solutions

(c)
Elapsed Altitude Speed Resistance Net Acceleration
Time (s) (m) (m/s) Force (N) Force (N) (m/s?)
0.00000 0.00000 36.00000 -0.99849 —-2.39009 -16.83158
0.05000 1.75792 35.15842 -0.95235 —2.34395 -16.50667
2.95000 48.62327 0.82494 -0.00052 -1.39212 -9.80369
3.00000 48.64000 0.33476 -0.00009 -1.39169 -9.80061
3.05000 48.63224 -0.15527 0.00002 -1.39158 -9.79987
6.25000 1.25085 —-26.85297 0.55555 -0.83605 -5.88769
6.30000 -0.10652 —27.14736 0.56780 -0.82380 -5.80144
Maximum height is about . It returns to the ground after about
with a speed of approximately .
6.43 (a) Atconstant velocity 2F=0=-mg + Cvf
B ,m 3 (50.0 kg)(9.80 m/s?) .
Vi=— C ——‘\/ 0.200 kg/m =|-49.5m/s| with chute closed and
_ (50.0 kg)(9.80 m/s) .
Vi=— 20.0 kgZm =|-4.95m/s| with chute open.
(b)
time(s) height(m) velocity(m/s)
0 1000 0
1 995 -9.7
2 980 -18.6
4 929 -32.7
7 812 -43.7
10 674 -47.7
10.1 671 -16.7
10.3 669 -8.02
11 665 -5.09
12 659 -4.95
50 471 -4.95
100 224 -4.95
145 0 -4.95

© 2000 by Harcourt College Publishers. All rights reserved.



6.44

*6.45

(a)

(b)

(c)

(a)

time(s) x(m) y(m)
0 0 0
0.100 7.81 5.43
0.200 14.9 10.2
0.400 27.1 18.3
1.00 51.9 32.7
1.92 70.0 385
2.00 70.9 385
4.00 80.4 26.7
5.00 814 17.7
6.85 81.8 0

range =

with 6
30.0°
35.0°
25.0°
20.0°
15.0°
10.0°
17.0°
16.0°
15.5°
15.8°
16.1°
15.9°

So we have maximum range at 0=

At terminal speed, SF =-mg + Cv2=0. Thus,

C=

v2

we find range

86.410 m
81.8m
90.181m
92874 m
93.812m
90.965 m
93.732m
93.8398 m
93.829 m
93.839 m
93.838 m
93.8402 m

_mg _ (0.0460 kg)(9.80 m/s?)

(44.0 m/s)?

={2.33 x 10 kg/m

Chapter 6 Solutions
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Chapter 6 Solutions
(b) We set up a spreadsheet to calculate the motion, try different initial speeds, and home in
on as that required for horizontal range of 155 m, thus:
_ [ 2 2

Time X Vy ay y vy a, V= r:;; Yy | tan-t (Vy/Vy)
t (s) (m) (m/s) | (m/s?) (m) (m/s) | (m/s?) (m7s) (deg)
0.0000 | 0.0000 | 45.6870|-10.5659| 0.0000 | 27.4515(-13.6146 53.3000 31.0000
0.0027 | 0.1211 | 45.6590 | -10.5529| 0.0727 | 27.4155 | -13.6046 53.2574 30.9822
2.5016 | 90.1946 | 28.9375 | -4.2388 | 32.5024 | 0.0235 | —9.8000 28.9375 0.0466
2.5043 | 90.2713 | 28.9263 | —4.2355 | 32.5024 | —-0.0024 | —9.8000 28.9263 -0.0048
2.5069 | 90.3480 | 28.9150 | -4.2322 | 32.5024 | -0.0284 | —9.8000 28.9151 -0.0563
3.4238 | 115.2298| 25.4926 | —3.2896 | 28.3972 [ —8.8905 [ —9.3999 26.9984 -19.2262
3.4265 | 115.2974| 25.4839 | -3.2874 | 28.3736 | —-8.9154 | —9.3977 26.9984 -19.2822
3.4291 | 115.3649| 25.4751 | -3.2851 | 28.3500 [ —8.9403 | —9.3954 26.9984 -19.3382
5.1516 | 154.9968| 20.8438 | —-2.1992 | 0.0059 [-23.3087| -7.0498 31.2692 -48.1954
5.1543 | 155.0520| 20.8380 | —2.1980 | —0.0559 | -23.3274| -7.0454 31.2792 -48.2262

(c) Similarly, the initial speed is . The motion proceeds thus:

_ [ 2 2

Time X Vy ay y vy a, V= (r;/;sJ)r Vv | tan-t (Vy/Vy)
t(s) (m) (m/s) | (m/s?) (m) (m/s) | (m/s?) (deg)
0.0000 | 0.0000 | 28.7462 | —4.1829 | 0.0000 | 30.8266 | -14.6103 42.1500 47.0000
0.0035 | 0.1006 | 28.7316 | —4.1787 | 0.1079 | 30.7754 | -14.5943 42.1026 46.9671
2.7405 | 66.3078 | 20.5484 | -2.1374 | 39.4854 | 0.0260 | —9.8000 20.5485 0.0725
2.7440 | 66.3797 | 20.5410 [ —2.1358 | 39.4855 | -0.0083 | —9.8000 20.5410 -0.0231
2.7475 | 66.4516 | 20.5335 | -2.1343 | 39.4855 | -0.0426 | —9.8000 20.5335 -0.1188
3.1465 | 74.4805| 19.7156 | —-1.9676 | 38.6963 [ —3.9423 [ —9.7213 20.1058 -11.3077
3.1500 | 74.5495| 19.7087 | -1.9662 | 38.6825 | -3.9764 [ —9.7200 20.1058 -11.4067
3.1535 | 74.6185| 19.7018 | -1.9649 | 38.6686 | —4.0104 | —9.7186 20.1058 -11.5056
5.6770 | 118.9697| 15.7394 | -1.2540 | 0.0465 |-25.2600( -6.5701 29.7623 -58.0731
5.6805 | 119.0248| 15.7350 | -1.2533 | -0.0419 [ —-25.2830| -6.5642 29.7795 -58.1037

The trajectory in (c) reaches maximum height 39 m, as opposed to 33 m in (b). In both, the ball
reaches maximum height when it has covered about 57% of its range. Its speed is a minimum
somewhat later. The impact speeds are both about 30 m/s.
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2

mv
6.46 (a) 2ZF,=ma, =R down

—(1800 kg) (16.0 m/s)?

— 2) = =_ 4
+n — 1800 kg (9.80 m/s?) 0 1.10 x 104 N
n=16.67 x 10° N
| 2
(b) 0-mg=">
v=afor =080m/s? (420m) =[203m/s]
3 _mv?
6.47 (a) ZF,=ma =R
_mv?
mg—n=—5—
mv?
n=|m9-g-
mv?
(b) Whenn=0,mg ==
Then, v = VgR
2
648 F=m—
__[rF__ [(530x 1011 m)(8.20 x 10° N) _ 3
v—‘\/; —‘\/ 9.11 x 10*L kg =218 x10°m/s
1
frequency = (2.18 x 105 m/s) N rev - |6.56 x 1015 rev/s

[27(5.30 x 101X m)[]
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6.49

6.50

Chapter 6 Solutions

(a) While the car negotiates the curve, the

accelerometer is at the angle 6.

. . mv?2
Horizontally: T sin G:T

Vertically: T cos 8=mg

where r is the radius of the curve, and v is the
speed of the car.

2
By division tan 6:;/—9 . Then

2

v
a=— =gtan 8

a, = (9.80 m/s?) tan 15.0°

_v2 (23.0m/s)?
(b) r_ar T 263m/s?

(c) vZ=rgtan 6= (201 m)(9.80 m/s?) tan 9.00°

Take x-axis up the hill
> Fy = may
+ T sin 6—mg sin ¢=ma
a=(T/m)sin 6-gsin ¢
> Fy=may
+ T cos 8—mg cos ¢=0
T =mg cos @/cos 6

a=gcos @sin 6/cos 6-gsin @

a=|g(cos ptan 6-sin ¢)|

© 2000 by Harcourt College Publishers. All rights reserved.
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6.52

6.53

(a)

(b)

(c)

(a)

(b)

(c)

(a)

(b)

Chapter 6 Solutions 25

Since the 1.00 kg mass is in equilibrium, we have for the tension in the string,

T = mg = (1.00)(9.80) =

The centripetal force is provided by the tension in the string. Hence,

S | A / rFe_ . [(1.00)(9.80) _
Using F, = ; , We have v = Moo 0250 =(6.26 m/s

Since the mass m;, is in equilibrium,

JFy=T-myg=0
or T=|m,g

The tension in the string provides the required centripetal force for the puck.

Thus, F, =T =

myv? RFy _|4 [OP20
From F, = ,we have v = —= R
" R m; mng

Since the centripetal acceleration of a person is downward (toward the axis of the earth),
it is equivalent to the effect of a falling elevator.

L} — mvz L}
Therefore, Fy =F; - or
At the poles v =0, and Fy = F;=mg = (75.0)(9.80) = [735 N[ down

At the equator, Fy = Fy—ma, =735 N - (75.0)(0.0337) N = [ 732 N| down
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Goal Solution

G: Since the centripetal acceleration is a small fraction (~0.3%) of g, we should expect that a
person would have an apparent weight that is just slightly less at the equator than at the
poles due to the rotation of the Earth.

We will apply Newton’s second law and the equation for centripetal acceleration.

(a) Letn represent the force exerted on the person by a scale, which is the "apparent
weight." The true weight is mg. Summing up forces on the object in the direction towards
the Earth's center gives

>0

mg —n = ma, (1)

V2
where a, =R = 0.0337 m/s?
X

is the centripetal acceleration directed toward the center of the Earth.

Thus, we see that n =m(g-a;) <mg

or mg=n+ma>n ¢ (2)
(b) If m=75.0kg, a;=0.0337 m/s?, and g=9.800 m/s?,

at the Equator: n=m(g-a,) = (75.0 kg)(9.800 m/s2 - 0.0337 m/s?) = 7325 N ¢

at the Poles: n=mg=(75.0 kg)(9.800 m/s?) =7350N ¢ (a,=0)

L: As we expected, the person does appear to weigh about 0.3% less at the equator than the

poles. We might extend this problem to consider the effect of the earth’s bulge on a person’s
weight. Since the earth is fatter at the equator than the poles, g is less than 9.80 m/s? at the

equator and slightly more at the poles, but the difference is not as significant as from the
centripetal acceleration. (Can you prove this?)

_ o v2 (204m/s)? ,
6.54 3Fc=ma, 0 T,=m-——=m 250m) -M (166 m/s?)

>Fy=ma, 00 Ty—-mg=0
or  T,=mg=m(9.80 m/s?)

The total tension in the string is

T=A[T2+ T2 =m\/(166)2 + (9.80)% = 50.0 N

50.0 N

V(166)2 + (9.80)2 m/s?

Thus, m = =0.300 kg
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When the string is at the breaking point,

V2 (51.0 m/s?)

Te=m= = (0300 kg) =7 G5~ = 780N

and T, =mg = (0.300 kg)(9.80 m/s?) = 2.94 N

Hence, T=A\[TZ + T2 =A/(780) + (2.94)2 N = [780 N

Let the angle that the wedge makes with the
horizontal be 6. The equations for the mass m are

wherer =L cos 6.
. . n cos 6
Eliminating n gives

Therefore v2=Lg cos Otan 6= Lg sin 8

(b)

(c)

. mv?2
mg=ncos 6 and nsin B:T

=tan Q—m—vz
ncos 6 “mgLcos 8

= ‘\/gL sin 0

[188.0 ft/s 7 _
v =300 mi/h (0.0 miZh[] =440 ft/s

At the lowest point, his seat exerts an upward force; therefore, his weight seems to
increase. His apparent weight is

, vz [160 [(440)?
Fy =mg +me =160+ 3200 200 = 1967 1]
At the highest point, the force of the seat on the pilot is directed down and
2
Er

\%
g =Mg-m-—= -6471b

Since the plane is upside down, the seat exerts this downward force.

my? . .
When Fy =0, then mg =R If we vary the aircraft's R and v such that the above is

true, then the pilot feels weightless.

Call the proportionality constant k :

ar = k/r2

v2/r = k/r?

© 2000 by Harcourt College Publishers. All rights reserved.
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(b) v=2mr/T=k/?r1/2

_ 27r _[12m
- (k1/2r—1/2) - BUZD

6.58  For the block to remain stationary, 3F, = 0and }F, = ma,.

N =(Mp+mp)g S0 f<pang = Hs (Mp+mp)g

At the point of slipping, the required centripetal force equals
the maximum friction force:

myg mpg
V2
0 My + Mp) == = g (M, + My)g N
oF  Vpax = \/pslrg = ‘\/(0.750)(0.120)(9.80) =0.939 m/s f
For the penny to remain stationary on the block: | |
>Fy=00 n,-mg=0 or n,=myg f
— — v m,9 m,9
and >F,=ma O f, = mp~ P
When the penny is about to slip on the block, f, = f; max = HsaN N2
2
_ Vmax
or Hs2Mpg = My r |
fP
Viax = YHslg = 4/(0.520)(0.120)(9.80) = 0.782 m/s
myg

This is less than the maximum speed for the block, so the penny slips
before the block starts to slip. The maximum rotation frequency is

s TR T i
Max rpm = o (0.782 m/s) 270120 M)l min[] - 2.2 rev/min

_2rrr_ 21(9.00 m)
- T (15.05)

6.59

=3.77m/s

2

@ =[S0
(b)  Fiow=m(g+a;)=
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(c) Fni=m(@g-a)=]329N
a, 158
(d)  Freq= m\/gz +a> =[397N] ato= tan'lj =580 = 915 inward

*6.60 Standing on the inner surface of the rim, and moving with it, each person will feel a normal
force exerted by the rim. This inward force supplies the centripetal force to cause the 3.00 m/s?
centripetal acceleration:

a =—
" r

v=4far =4(3.00m/s?)(60.0m) =13.4m/s

. . 2mr
The period of rotation comes from v =

2rrr - 27(60.0 m)

T= v  134m/s

=28.1s

so the frequency of rotation is

1 1 1 [60sg_ -
T=T =%81s ~281s I minp _ L214rev/min

6.61 (a) The mass at the end of the chain is in vertical equilibrium.

Thus T cos 6=mg

. . my?2
Horizontally T sin 8= ma, =

r=(2.50sin 8+ 4.00) m

r=(2.50sin 28.0° + 4.00) m =5.17m

2

Then a, “5T7m

By divisi e_ar _ v2
y division tan =9 ~517g

V2 = 5.17g tan 6 = (5.17)(9.80)(tan 28.0°) m2/s2

(b) TcosBb=mg

_mg _ (50.0kg)(9.80 m/s?)
“cosO cos 28.0° =[555N
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6.62 (a) The putty, when dislodged, rises and returns to the original level in time t. To find t, we
. 2V . . .
use vi=Vv; +at: i.e,-v=+v-gtort :E where v is the speed of a point on the rim of the

wheel.

If R is the radius of the wheel, v = @ , SO t:% :$

Thus, v2=rRgand |v = \/nRg

(b) The putty is dislodged when F, the force holding it to the wheel is

2
i

-h

mv2
2TR
f=un V=
To ’47‘!2R[JS
9 n
(b) T=[2.545] S | &
|
rev _1lrev[60s]_ rev. '
# min ~ 2.54 s [Min[] 236 min ! mg

*6.64 Let the x—axis point eastward, the y-axis upward, and the z-axis point southward.

v? sin 26,

(a) TherangeisZ= 9

The initial speed of the ball is therefore

N [(2.:80)(285) _
Vi="\[sin26 ~ \ sin96.0° =530m/s

. . - 1
The time the ball is in the air is found from Ay = vt + 5 at? as

0 = (53.0 m/s)(sin 48.0°)t — (4.90 m/s2)t?

givingt=

_27R.cos ¢ 2m(6.37 x 106 m) cos 35.0°
(®) Vic="gga00s - 86400 5 =39 m/s
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(c)  360° of latitude corresponds to a distance of 27R,, so 285 m is a change in latitude of

:EIS_D oy = [l 285 m [lapnoy = 3
Ap [JgnReD(SGO ) (27637 x 10° m)D\360 ) =2.56 x 102 degrees

The final latitude is then ¢ = @ — A@= 35.0° — 0.00256° = 34.9974°,

27TR, COS @

864005 which is larger than the

The cup is moving eastward at a speed vy, =

eastward velocity of the tee by

Ao 2R, 2R, A
Vx = Vix = Vi = 86400 s [COS @-cos @] - 86400 s [COS((A - @ —COs ¢I]

_2TR, AQ+ s in A
= 864005 [cos @ cos A+ sin @ sin Ag— cos ¢]
. . 2R, .
Since Agis such a small angle, cos Ag= 1 and Av, = 864005 Sin@sin Ag

271637 x 106 m)
AV« = =620

sin 35.0° sin 0.00256° = [1.19 x 102 m/'s

(d) Ax = (Avy)t = (1.19 x 102 m/5s)(8.04 s) = 0.0955 m =

V2 . . .
In>F= m both m and r are unknown but remain constant. Therefore, 3 F is proportional to v2

. 8.0 .
and increases by a factor of EI,-A,_OBZ as v increases from 14.0 m/s to 18.0 m/s. The total force at

the higher speed is then

8.0
> Frast = (2.0 (130N)=215N
Symbolically, write 3 Fgow = %15(14.0 m/s) 2 and S Fe = %15(18.0 m/s) 2.

. . > Frast GB_ODZ
Dividing gives =— = ,or
9OV S w3400

_ 1807 _8.0r7 -
SFras = (1200 2Fsiow = g0 (130N =

This force must be |h0rizontal|y inward| to produce the driver’s centripetal acceleration.
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6.66 (a) If the car is about to slip down the incline, f is directed up
the incline.
>Fy=ncos 6+ fsin 6—mg =0 where f = y;n gives

mg Hsmg

N=Cos 0 (1 + pgtan 6) and f:cos 0 (1 + pg tan 6)

2
. Vimin .
Then, YF, =nsin 8-fcos 6= me— yields

_ . [Rg(tan 6 - )
Vmin = 1+ptan 6

When the car is about to slip up the incline, f is directed down |
the incline. Then,
>Fy,=ncos 6-fsin 6-mg =0 with f = un yields
n= L and f= sl o
~cos B(1 - g tan ) ~cos 6(1 - g tan 6)
2
Vmax

In this case, YF,=nsin 8+fcos 8=m
_ . [Rg(tan 6 + L)
Vmax = 1-p tan 6

. /Rg(tan 0-Us) _ —
(b) 11 Vi = 1+pu.tan 8 ~ 0. then '

R which gives

n cos@

__ [(100 m)(9.80 m/s?)(tan 10.0° — 0.100) _
© V=[R2 OL AN 100~ 0100) - 57

—
fcosO
__ [(100 m)(9.80 m7s?)(tan 10.0° + 0.100) _ | | feos®
Vmax = 1-(0.100)tan 10.0° =166 m/s
fsin@

mg
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*6.67 (a) The bead moves in a circle with radius r = R sin 8 at a speed of LemT T -
. /’, \\
_2m _271Rsin @ / \
VEE T ; \
[} \
| |
The normal force has an inward radial component of n sin 6 | ! R !
and upward component of \ - )
n cos 6. N |
= - _mg_ e
>Fy=ma, 0 ncos 6—-mg=0 or N=0s @ ,
TN ' Mg . , m [2mRsinF .
Then YF,=nsin 8=m . becomes [os GDS'n 6= Rsin@[] T Kk which reduces to

gT?
4R

gsin® 47rPRsin 0
cos@ T2

. This has two solutions: (1) sin 8=00 6=0°and (2) cos 6=

If R=15.0cmand T =0.450 s, the second solution yields

(9.80 m/s2)(0.450 s)?2

C0S 0="—"2(0.150 m)

=0.335 and 6=704°

Thus, in this case, the bead can ride at two positions |8 = 70.4°

and [6=0°].

(b) At this slower rotation, solution (2) above becomes

2 2
cos O= (9.80 m/s2)(0.850 s)

272(0.150 m) = 1.20, which is impossible. n .
o
In this case, the bead can ride only at the bottom of the loop, '
. The loop’s rotation must be faster than a certain threshold value
in order for the bead to move away from the lowest position.

6.68 At terminal velocity, the accelerating force of gravity is balanced by

L. mg
frictional drag:

mg = arv + br2v2

(a) mg=3.10x10"°v +0.870 x 107102
For water, m = pV = (1000 kg/m?®) % rrg(lo—f’) 3

4.11 x 10711 = (3.10 x 10-9)v + (0.870 x 10-10)y2

Assuming v is small, ignore the second term: |v =0.0132 m/s
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(b) mg=3.10x108v +0.870 x 108 v2

Here we cannot ignore the second term because the coefficients are of nearly equal
magnitude.

411 x 1078 = (3.10 x 10-8)v + (0.870 x 10-8)v?

_ -3.10 +4/(3.10)2 + 4(0.870)(4.11) _
V= 2(0.870) -

(c) mg=3.10x10"v+ 0.870 x 1082

Assuming v >1 m/s, and ignoring the first term:

4.11 x 105 =0.870 x 106 v2

6.69 YF,=L,~T,—mg=Lcos20.0°~-Tsin20.0°-7.35N=ma, =0

. V2
SFy=Ly+ T,=Lsin20.0°+ T cos 20.0° = mT

vz o (35.0 m/s)? _ Tt
M~ = (0.750k9) 755 0 my cos 20,07 ~ 03N Tl

0 Lsin 20.0°+ T cos 20.0° =16.3 N
L cos 20.0° - T sin 20.0°=7.35N

c0s 20.0° _ 16.3 N
sin 20.0° ~ sin 20.0°

L+T

L Tsin 20.0° _ 7.35N
~ ' c0s20.0° ~ cos 20.0°

163N  7.35N
sin 20.0° ~ cos 20.0°

T (cot 20.0° + tan 20.0°) =

T(3.11) = 39.8 N
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6.70 v= (MOrT4 _ exp ELLiEN

Ob O Cm 1]
Att—»OO,VaVT:%

Att=554s,

b(5.54 s
0.500v; = v, % —exp SQ(OO—kg)%

*P M9.00kg O
b(5.54'5) B
5.00 g =" 0.500=-0.663

_9.00 kg(0.693)
T 5545

_mg _9.00 kg(9.80 m/s?) _
(a) w= b - 113 kg/s =(78.3m/s

1.13t
(b)  0.750v, = v, % —exp E’m%

=1.13m/s

Fl.18t_
exp [9.00s] 0.250

_9.00(In 0.250) _
ST ot

dt ~[p [ 0 mM

X t
_ | meng ., @t
#] dx_JODbD expoDDdt
X0

_mgt Mm% bty
X0 T 0™ oo

_mgt [’y (bt [0
o O D%Xp Om O 0
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Att=554s,

5.54 s 9.00 kg)?(9.80 m/s
X = (9.00 kg)(9.80 m/s?) T13Kg/s + 0 (113 kg/s)?

A0 ~ _
0 [exp(-0.693) — 1]

X = 434 m + (626 m)(~0.500) =

6.71 (a)
t(s) [d(m) d(m)
1.00 4.88 0 fommmgmeeaee ey
2.00 | 18.9 T
3.00 | 421
4.00 | 73.8 BOO
5.00 112 : : : : : : : : g :
6.00 | 154 S e
7.00 | 199 700 A A S A A R S v A B
8.00 | 246 S
9.00 | 296 600l A
10.0 | 347 T A T
11.0 | 399
12.0 452 500 4------- b R LR R LS REEERE R
13.0 | 505 S 2 T T B
14.0 558 400 1------- [ R [ S [ A S [ S
15.0 | 611 N R U
16.0 | 664 T .
17.0 | 717 2001 /‘ ,,,,,,, T
18.0 | 770 ,
19.0 | 823 L /! T
20.0 876 200 - SRR BEEEEES /d ——————— R R R R
.I
100 e
B
[ ]
0 o ; ; ; ; i ; ; ; ;

(c) A straight line fits the points from t = 11.0 s to 20.0 s quite precisely. Its slope is the
terminal speed.

876 m—-399m
v; = slope = 200s—110s - 53.0m/s
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