Homework V
Ch. 4 - Problems 36, 37, 58, 65.
Problem 36

(a) The free-body diagram appears below.
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Now, if we consider the forces acting on mass m;, we find:

Zﬁy : N—-W=0—N=myg
Z:FgC T — pusmyg = mya.

Careful examination of this equation and comparison to the corresponding
equations in the previous problem reveals that the block system only moves
if f; < T, where f;, = usmyg. If we were to write the force equation for mass
mao,

mog — T = maa,

and solve this together with the force equations for mass m; for the ac-
celeration and tension, we would find,

Mmag — psmig = (my+ma)a,
Mo — s
a = ——0,
mi + mo

and



T = mi(usg +a),
Mo sy

= m s T )
19(M m1+m2)

M1 s + Mafls + Mo — M [is
my + Mo

),

= mag(
mi1me

— 72 14 u)g.
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So, in order for the system to begin moving, we must have

T > [
mq1mso
1+ p, > U ,0
m1+m2( [s)g [1sM1g, OT
ma
- ]'_l_ S > Sy
m1+m2( [4s) I
Mo + Maflls > Myl + Mofls,
mo
//1/3 < - .
my

With m; = 10 kg and my = 4.0 kg, this means that ug < 41‘8 ]fg = 0.40.
Since ps = 0.50 > 0.40, the system does not move. Alternately, plugging in
the given values we find that a = -0.07g < 0. Clearing, this result cannot
be physical, as it tells us that, without an externally applied force, mass my
moves upward against the force of gravity. (Although it might be kind of
interesting to see, and if you can figure out how to do it, you will go on
to fame and fortune.) Nevertheless, our everyday experience tells us this is
nonsensical - the only reasonable interpretation being that the system simply
does not move. However, it is a good idea to always compare the forces as
we did above.

(b) The free-body diagram is the same as in part (a). With a coefficient
of kinetic friction p; = 0.30 and using the expression for acceleration found
above (it carries over perfectly well here, as all we have done is make the
substitution pus — py), we find

Mo — [LsMy (4.0 — (0.30)(10))kg

m
¢ my + ms g (10+4.0)kg g g 52




Problem 37

We have the following information:

F = 300 N,
0 = 20.0°,
W = 1000 N.

(a) Note that v = constant — a = 0. The free-body diagram appears
below.

Y
Problem 37 (a)
L X
F=300N
1000 N

The sum of the forces in the § direction yields

0 = N—-W — Fsin(h),
N = W+ Fsin(6),
= 1000 + 300sin(20),
= 1103 N.

The sum of the forces in the X direction yields

0 = Fcos(f) — usN,
F cos(0)

e = TN

300 cos(20)
1000 + 300 sin(20)
= 0.256.

(b) The free-body diagram appears below.
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Problem 37 (b)
L X

The sum of the forces in the § direction yields

0 = N—W + Fsin(0),
N = W — Fsin(6),
= 1000 — 300sin(20),
— 897 N.

The sum of the forces in the X direction yields

ma = Ka = Fcos(0) — usN,
9
a = %(F cos(#) — usN),

0.8
= 1agg (300 cos(20) — (0.256)(1000 — 300sin(20))),

m



Problem 58

The free-body diagram appears below.

Y

Problem 58
L X

100N
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(a) For the mass on the table, the sum of the forces in the y direction
yields

0 = N - Wt,
N = W,=100 N.
For the same mass, the sum of the forces in the X direction yields

0 = T_f57
fs-

For the hanging mass, the sum of the forces in the ¥ direction yields

0 = W,-T,
= Wh7
= 50.0 N.

Substituting this value above we find

fs =T =50.0 N.
(b) Recall that the force due to static friction is defined as

s = psN.
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Thus, in order to ensure static equilibrium, the coefficient of static friction
must be at least
= E = £ = 0.500.
N Wt
(c) The coefficient of kinetic friction is uy = 0.250. Thus, in order for the
system to move with constant speed, the total force must be zero. With the
definitions found in the previous two parts, this means that

fhs

Wy = Wy, or
W, = (0.250)(100) = 25.0 N.

Problem 65

The free-body diagram appears below.

T m s
mi

Problem 65 (a)

We have the following information:

my = 10 kg,
me = 20 kg,
F = 50 N.

(a) A 10 kg box is attached to a 20 kg box by an ideal string. a 50 N
force is applied to the 20 kg box. As can easily be seen in the free-body
diagram, the force is actually applied to the system that is both masses.
Thus, acceleration of each box is the same and is given by

gl Ny gm
“m (10+20)kg " 8%
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The tension in the connecting ideal string is given by

T = mia = (10 kg)(1.67 g) =17 N.

(b) The free-body diagram appears below.

Y
L X
£ T 50N
T R
Problem 65 (b)

Let’s consider the same scenario, but this time there exists a coefficient
of kinetic friction, pux = 0.10 between each box and the surface. Then, the
force equation for the two box system is

(mi+ma)a = 50— fi,
= 50 — pp(m1 +my)g,
50 — pr(my 4+ ma)g
my + mgy

m
= 0.69 2

mia = T — fy,
= T — ppmg,
T = mi(a+ pkg),
= 17 N.



Ch. 7 - 30, 42, 54.
Problem 30

We are given the following information:

M, = 1.991E30 kg,
Mogrin = 5.98E524 kg,
Moon = T.36E22 kg,
Rsy = Rsgp— Rewu,
Regy = 3.84E8 m,
Rsy = 1.496F11 m,
G = 6.673E — 11 kg 'm3s™2

(a) The force exerted by the Sun on the Moon is

GMQMmoon ~
Fsy = ———5—T,
Ry,

= —4.39F20 N.

(b) The force exerted by the Earth on the Moon is

F GMearthMmoon -
EM = r,
R
= 1.99E£20 N.

(c) The force exerted by the Sun on the Earth is

GMoM,grin .
Fop = ———pg =k
SE

= —3.50FE22 N.

Problem 42

We have the following information:



h = 20m,
Mpars = 0.1074 Mearth7
Rmam = 0.5282 Rearth‘

(a) The acceleration due to gravity at the surface of the earth is given by

GMmars A

9mars = — r,
2
Rmars

G % 0.1074Marmn
(0.5282Reapin)?

GMear ~
= 0.3850 % ——— "¢
earth
= 0.3850Gcqrth,
m

(b) The time it takes the instrument package to reach the surface is

2xh

Problem 54

(a) We have the following information:

[ = 100 m,
r = 10 km,
m = 1000 kg,
M = 100 M.

Now, recall that the gravitational force as we have seen it thus far is given
as



GMm

r.

F=- =

However, we can no longer treat the spaceship as a point mass due to

the magnitude of the gradient of the local gravitational field. Thus, we may
write the differential as

GMdm _ GM Mdr
r=—
r2 r2

dF = —

r,

where A =5 = 10 % is the linear mass density of spaceship.

Then, the total force is given by

R r2’
1
GAM (=),
T
1 1

= OWMET R

GAMI

R(R+1)’

B GMm

R2(1+é)’

GMm {
1—-).

(-1

Q

(b) The force per kilogram mass at the two ends of the spaceship is given
by

F(R)  GM

m T T
F(R+1)  GM
T m R+

The difference between the two is ‘%‘ - ‘M‘

m
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GM GM

R?  (R+1)*

GM 9 9
m((R +1)” = R7),

GM
" (9 2
o 2R B,

2.62E12 ﬁ.
kg
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