E3-1 The Earth orbits the sun with a speed of 29.8 km/s. The distance to Pluto is 5900x 10¢ km.
The time it would take the Earth to reach the orbit of Pluto is

t = (5900 10° km)/(29.8 km/s) = 2.0x 10%s,

or 6.3 years!

(a) a = F/m = (3.8N)/(5.5kg) = 0.69m/s>.
(b) t =v¢/a = (5.2m/s)/(0.69m/s?) = 7.5s.
(c) z = at?/2 = (0.69m/s?)(7.55)%/2 = 20 m.

Assuming constant acceleration we can find the average speed during the interval from Eq.
2-27

1 1
Vav,e = 5 (Ve + voz) = 3 ((5.8x10° m/s) + (0)) = 2.9x10° m/s.
From this we can find the time spent accelerating from Eq. 2-22, since Ax = v,y ,At. Putting in

the numbers At = 5.17x 10~ %s. The acceleration is then

Av,  (5.8x10° m/s) — (0) 15 1.9
= = = 1.1 1 .
40 = At (5.17x 10-%s) x107m/s

The net force on the electron is from Eq. 3-5,

ZF =ma, = (9.11x 103 kg)(1.1x 10" m/s?) = 1.0x 10" ° N.

E3-4 The average speed while decelerating is v,, = 0.7x107m/s. The time of deceleration is
t=2/va = (1.0x107m)/(0.7x 10"m/s) = 1.4x 1072!s. The deceleration is a = Av/t = (—1.4x
10"m/s)/(1.4x10721 s) = —1.0x10%®m/s?. The force is F' = ma = (1.67x107?"kg)(1.0x10?®m/s?) =
17N.

The net force on the sled is 92 N—90 N= 2 N; subtract because the forces are in opposite
directions. Then
_XFE . (2N)

m (25kg)

ay =8.0x10"%m/s>.

E3-6 53 km/hr is 14.7m/s. The average speed while decelerating is v,, = 7.4m/s. The time
of deceleration is ¢t = x/v,, = (0.65m)/(7.4m/s) = 8.8 x1072s. The deceleration is a = Av/t =
(—14.7m/s)/(8.8x1072s) = —17x10%m/s?. The force is F = ma = (39kg)(1.7x10%m/s?) = 6600 N.

E3-7 Vertical acceleration is a = F/m = (4.5x107*N)/(9.11 x 1073kg) = 4.9 x10'm/s?. The
electron moves horizontally 33 mm in a time t = z/v, = (0.033m)/(1.2x107m/s) = 2.8 x 107 Ys.
The vertical distance deflected is y = at?/2 = (4.9x10%%m/s?)(2.8 x10795)?/2 = 1.9x 10~ ?m.

E3-8 (a)a= F/m = (29N)/(930kg) = 3.1x 1072 m/s.

(b) z = at?/2 = (3.1x1072 m/s?)(864005)? /2 = 1.2x 10® m.
(c) v=at = (3.1x1072m/s?)(86400s) = 2700 m/s.
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Write the expression for the motion of the first object as Y F, = mjay, and that of the
second object as Y F, = maaz,. In both cases there is only one force, F, on the object, so > F,, = F.
We will solve these for the mass as m; = F/a; and mg = F'/ay. Since a; > as we can conclude that
mo > My

(a) The acceleration of and object with mass ms — my under the influence of a single force of
magnitude F' would be

F F 1

T e —mi Flas— Fjai  1/(3.30m/s2) — 1/(12.0m/s2)’

which has a numerical value of a = 4.55 m/s?.
(b) Similarly, the acceleration of an object of mass ms + my under the influence of a force of
magnitude F' would be

1 1

“T Tay + /a1 1/(3.30m/s?) + 1/(12.0m/s2)’

which is the same as part (a) except for the sign change. Then a = 2.59 m/s?.

E3-10 (a) The required acceleration is a = v/t = 0.1¢/t. The required force is F' = ma = 0.1mc/t.
Then
F = 0.1(1200 x 10> kg)(3.00 x 10%m/s) /(2.59 x 10°s) = 1.4 x 10°N,

and
F = 0.1(1200 x 10* kg)(3.00 x 10%m/s) /(5.18 x 10%s) = 6.9 x 10°N,

(b) The distance traveled during the acceleration phase is ¥y = at?/2, the time required to
travel the remaining distance is to = z3/v where zo = d — 1. d is 5 light-months, or d = (3.00 x
108m/s)(1.30x 107s) = 3.90 x 10'5m. Then

d—x1 2d — at? 2d — vty

t=t to =t oo
1+ 12 1+ % %

If t1 is 3 days, then

2(3.90x 10*°m) — (3.00x 107m/s)(2.59 x 10°s)

t = (2. 1 b
(2.59x10%s) + 2(3.00x 107m/s)

=1.30x10%s = 4.12 yr,

if t1 is 2 months, then

2(3.90 x 10°m) — (3.00 x 107m//s)(5.18 x 10%s)

t = (5.18x10°
(518> 10%) + 2(3.00x 107m/s)

= 1.33x10%s = 4.20 yr,

(a) The net force on the second block is given by
> P, =maag, = (3.8kg)(2.6m/s%) = 9.9N.

There is only one (relevant) force on the block, the force of block 1 on block 2.

(b) There is only one (relevant) force on block 1, the force of block 2 on block 1. By Newton’s
third law this force has a magnitude of 9.9 N. Then Newton’s second law gives > F, = —9.9
N=myai, = (4.6 kg)a1,. So a1, = —2.2 m/s? at the instant that as, = 2.6 m/s?.

E3-12 (a) W = (5.00 1b)(4.448 N/Ib) = 22.2N; m = W/g = (22.2N)/(9.81 m/s?) = 2.26 kg.

(
(b) W = (240 1b)(4.448 N/Ib) = 1070N; m = W/g = (1070N)/(9.81 m/s2) = 109 kg.
(c) W = (3600 1b)(4.448 N/Ib) = 16000 N; m = W/g = (16000 N)/(9.81m/s?) = 1630 kg.
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E3-13 (a) W = (1420.00 1b)(4.448 N/Ib) = 6320 N; m = W/g = (6320N)/(9.81 m/s?) = 644 kg.
(b) m = 412kg; W = mg = (412kg)(9.81m/s?) = 4040 N.

E3-14 (a) W =mg = (75.0kg)(9.81m/s?) = 736 N.
(b) W =mg = (75.0kg)(3.72m/s?) = 279 N.
(c) W =mg = (75.0kg)(0m/s?) = ON.
(d) The mass is 75.0 kg at all locations.

E3-15| If g =9.81 m/s?, then m = W/g = (26.0 N)/(9.81 m/s?) = 2.65 kg.

(a) Apply W = mg again, but now g = 4.60 m/s?, so at this point W = (2.65 kg)(4.60 m/s?) =
12.2 N.

(b) If there is no gravitational force, there is no weight, because g = 0. There is still mass,
however, and that mass is still 2.65 kg.

E3-16 Upward force balances weight, so F'= W = mg = (12000kg)(9.81 m/s?) = 1.2 x 10°N.

E3-17 Mass is m = W/g; net force is F' = ma, or F' = Wa/g. Then

F = (3900 1b)(13 ft/s%)/(32 ft/s*) = 1600 1b.

E3-18 a = Av/At = (450m/s)/(1.82s) = 247m/s?. Net force is F = ma = (523 kg)(247m/s?) =
1.29x 10°N.

E3-19| Y F, =2(1.4x10°% N) = ma,. Then m = 1.22x10° kg and
W =mg = (1.22x10°kg)(9.81 m/s?) = 1.20 x 10° N.

E3-20 Do part (b) first; there must be a 10 1b force to support the mass. Now do part (a), but
cover up the left hand side of both pictures. If you can’t tell which picture is which, then they must
both be 10 1b!

E3-21 (b) Average speed during deceleration is 40 km/h, or 11 m/s. The time taken to stop the
car is then t = /vy, = (61m)/(11m/s) = 5.6s.

(a) The deceleration is a = Av/At = (22m/s)/(5.6s) = 3.9m/s?. The braking force is F =
ma = Wa/g = (13,000N)(3.9m/s?)/(9.81 m/s?) = 5200 N.

(d) The deceleration is same; the time to stop the car is then At = Av/a = (11m/s)/(3.9m/s?) =
2.8s.

(¢) The distance traveled during stopping is = vayt = (5.6 m/s)(2.88) = 16 m.

E3-22 Assume acceleration of free fall is 9.81m/s? at the altitude of the meteor. The net force is

Fret = ma = (0.25kg)(9.2m/s?) = 2.30 N. The weight is W = mg = (0.25kg)(9.81m/s?) = 2.45N.
The retarding force is Fpos — W = (2.3N) — (2.45N) = —0.15N.

E3-23| (a) Find the time during the “jump down” phase from Eq. 2-30.
1
(0 m) = (048 m) + ()t — (9.8 m/s”)t?,

which is a simple quadratic with solutions ¢ = £0.31 s. Use this time in Eq. 2-29 to find his speed
when he hit ground,
v, = (0) — (9.8 m/s*)(0.31 s) = —3.1 m/s.
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This becomes the initial velocity for the deceleration motion, so his average speed during deceleration
is given by Eq. 2-27,

1

3 ((0) + (—3.1 m/s)) = —1.6 m/s.

This average speed, used with the distance of -2.2 cm (-0.022 m), can be used to find the time of
deceleration

1
Vav,y = 5 (vy +voy) =
2

Vav,y = Ay/At,

and putting numbers into the expression gives At = 0.014 s. Finally, we use this in Eq. 2-26 to find
the acceleration,
(0) = (—3.1 m/s) 4+ a(0.014 s),
which gives a = 220 m/s%.
(b) The average net force on the man is

> F, = ma, = (83kg)(220m/s*) = 1.8x10*N.

E3-24 The average speed of the salmon while decelerating is 4.6 ft/s. The time required to stop
the salmon is then t = z/v,, = (0.38 ft)/(4.6 ft/s) = 8.3x1072%s. The deceleration of the salmon
is a = Av/At = (9.2 ft/s)/(8.2-2s) = 110 ft/s>. The force on the salmon is then F = Wa/g =
(19 1b)(110 ft/s%)/(32 ft/s%) = 65 1b.

From appendix G we find 1 1b = 4.448 N; so the weight is (100 1b)(4.448 N/1 1b) = 445
N; similarly the cord will break if it pulls upward on the object with a force greater than 387 N.
The mass of the object is m = W/g = (445 N)/(9.8 m/s?) = 45 kg.

There are two vertical forces on the 45 kg object, an upward force from the cord Foe (which has a
maximum value of 387 N) and a downward force from gravity Fog. Then ) F, = Foc—Foq = (387
N) — (445 N) = —58 N. Since the net force is negative, the object must be accelerating downward
according to

ay =Y  F,/m=(-58N)/(45kg) = —1.3m/s".

E3-26 (a) Constant speed means no acceleration, hence no net force; this means the weight is
balanced by the force from the scale, so the scale reads 65 N.

(b) Net force on mass is Fpet = ma = Wa/g = (65N)(—2.4m/s?)/(9.81m/s?) = —16N.. Since
the weight is 65 N, the scale must be exerting a force of (=16 N) — (—65N) = 49N.

E3-27 The magnitude of the net force is W — R = (1600kg)(9.81 m/s?) — (3700 N) = 12000 N.
The acceleration is then a = F//m = (12000N)/(1600kg) = 7.5m/s?. The time to fall is

t=+/2y/a=+/2(-=72m)/(~7.5m/s2?) = 4.4s.
The final speed is v = at = (—7.5m/s?)(4.4s) = 33m/s. Get better brakes, eh?

E3-28 The average speed during the acceleration is 140 ft/s. The time for the plane to travel 300
ft is
t = x/vay = (300 ft)/(140 ft/s) = 2.14s.

The acceleration is then
a = Av/At = (280 ft/s)/(2.145) = 130 ft/s”.

The net force on the plane is F' = ma = Wa/g = (52000 1b)(130 ft/s%)/(32 ft/s*) = 2.1x 10°1b.
The force exerted by the catapult is then 2.1 x10°1b — 2.4x10* 1b = 1.86 x 10° 1b.
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E3-29 (a) The acceleration of a hovering rocket is 0, so the net force is zero; hence the thrust must
equal the weight. Then T =W = mg = (51000 kg)(9.81 m/s?) = 5.0 x 10°N.

(b) If the rocket accelerates upward then the net force is F' = ma = (51000kg)(18 m/s?) =
9.2x10° N. Now Fpet =T — W, 50 T = 9.2x 10° N + 5.0x 10°N = 1.42 x 106N.

E3-30 (a) Net force on parachute + person system is Fpo; = ma = (77kg + 5.2kg)(—2.55%) =
—210N. The weight of the system is W = mg = (77kg+5.2kg)(9.81s%) = 810N. If P is the upward
force of the air on the system (parachute) then P = Fye, + W = (—210N) + (810N) = 600 N.

(b) The net force on the parachute is Fyer = ma = (5.2kg)(—2.55?) = —13N. The weight of the
parachute is W = mg = (5.2kg)(9.81m/s?) = 51 N. If D is the downward force of the person on
the parachute then D = —Fot — W + P = —(—=13N) — (51 N) + 600 N = 560 N.

E3-31| (a) The total mass of the helicopter+car system is 19,500 kg; and the only other force
acting on the system is the force of gravity, which is

W =mg = (19,500kg) (9.8 m/s?) = 1.91 x 10° N.

The force of gravity is directed down, so the net force on the system is Y F, = Fpa — (1.91x 105
N). The net force can also be found from Newton’s second law: " F, = ma, = (19,500 kg)(1.4
m/s?) = 2.7x10* N. Equate the two expressions for the net force, Fpa — (1.91x10° N) = 2.7x10*
N, and solve; Fpq = 2.2x10° N.

(b) Repeat the above steps except: (1) the system will consist only of the car, and (2) the upward
force on the car comes from the supporting cable only Foo. The weight of the car is W = mg = (4500
kg)(9.8 m/s?) = 4.4x10* N. The net force is Y F,, = Foo — (4.4x10* N), it can also be written as
> F, = ma, = (4500 kg)(1.4 m/s?) = 6300 N. Equating, Focc = 50,000 N.

P3-1 (a) The acceleration is a = F/m = (2.7x107°N)/(280kg) = 9.64x 10~8m/s2. The displace-
ment (from the original trajectory) is

y =at?/2 = (9.64x10"%m/s?)(2.45)%/2 = 2.8 x 10~ "m.

(b) The acceleration is a = F/m = (2.7x107°5N)/(2.1kg) = 1.3x10~°m/s?. The displacement
(from the original trajectory) is

y=at?/2 = (1.3x10°m/s%)(2.45)%/2 = 3.7x 10 5m.

P3-2 (a) The acceleration of the sled is a = F//m = (5.2N)/(8.4kg) = 0.62m/s?.

(b) The acceleration of the girl is a = F/m = (5.2N)/(40 kg) = 0.13m/s.

(c) The distance traveled by girl is x; = a;t?/2; the distance traveled by the sled is 2o = ast?/2.
The two meet when 1 + 2 = 15m. This happens when (a; + ag)t2 = 30m. They then meet when
t=1+/(30m)/(0.13m/s2 + 0.62m/s?) = 6.3s. The girl moves z; = (0.13m/s?)(6.35)?/2 = 2.6 m.

(a) Start with block one. It starts from rest, accelerating through a distance of 16 m in a
time of 4.2 s. Applying Eq. 2-28,

L o
T = xg+ Vot + §axt )
1
—16m = (0)+(0)(4.28)+ 5%(4.2 s)?,
find the acceleration to be a, = —1.8 m/s%.
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Now for the second block. The acceleration of the second block is identical to the first for much
the same reason that all objects fall with approximately the same acceleration.

(b) The initial and final velocities are related by a sign, then v, = —vg, and Eq. 2-26 becomes
Vg = Voz + gt
—Voz = Vg + Qzt,
—2up, = (—1.8m/s°)(4.25).

which gives an initial velocity of vg, = 3.8 m/s.
(c¢) Half of the time is spent coming down from the highest point, so the time to “fall” is 2.1 s.
The distance traveled is found from Eq. 2-28,

z=(0)+ (0)(2.1s) + %(—I.Sm/SQ)(2.1S)2 = —4.0m.

P3-4 (a) The weight of the engine is W = mg = (1400kg)(9.81 m/s?) = 1.37x 10* N. If each bolt
supports 1/3 of this, then the force on a bolt is 4600 N.
(b) If engine accelerates up at 2.60 m/s?, then net force on the engine is

Fret = ma = (1400 kg)(2.60m/s?) = 3.64x 103 N.
The upward force from the bolts must then be
B = Fyet + W = (3.64x10°N) + (1.37x 10* N) = 1.73x 10*N.
The force per bolt is one third this, or 5800 N.
P3-5 (a) If craft descends with constant speed then net force is zero, so thrust balances weight.
The weight is then 3260 N.
(b) If the thrust is 2200 N the net force is 2200N — 3260 N = —1060N. The mass is then

m = F/a = (—1060N)/(—0.390m/s?) = 2720 kg.
(c) The acceleration due to gravity is g = W/m = (3260N) /(2720 kg) = 1.20 m/s.

P3-6 The weight is originally Mg. The net force is originally —Ma. The upward force is then
originally B = Mg — Ma. The goal is for a net force of (M — m)a and a weight (M — m)g. Then

(M—m)a=B—-(M-m)g=Mg—Ma— Mg+ mg=mg— Ma,
orm=2Ma/(a+ g).

(a) Consider all three carts as one system. Then

g F, = MiotalOsz,

65N = (3.1kg+2.4kg+ 1.2kg)ay,
097 m/s*> = a,.

(b) Now choose your system so that it only contains the third car. Then
ZFI = Fy3 = maa, = (1.2kg)(0.97m/s?).

The unknown can be solved to give Fb3 = 1.2 N directed to the right.
(c) Consider a system involving the second and third carts. Then 3 F, = Fia, so Newton’s law
applied to the system gives

Fia = (my +m3)a, = (2.4kg +1.2kg)(0.97m/s?) = 3.5N.
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P3-8 (a) F =ma = (45.2kg + 22.8 kg + 34.3kg)(1.32m/s?) = 135N.
(b) Consider only m3. Then F = ma = (34.3kg)(1.32m/s?) = 45.3N.
(c) Consider my and mg. Then F = ma = (22.8kg + 34.3kg)(1.32m/s?) = 75.4N.

P3-9 (c) The net force on each link is the same, Fpe, = ma = (0.100kg)(2.50 m/s?) = 0.250 N.

(a) The weight of each link is W = mg = (0.100kg)(9.81m/s?) = 0.981 N. On each link (except
the top or bottom link) there is a weight, an upward force from the link above, and a downward force
from the link below. Then Fot = U—D—W. Then U = Fyet+W+D = (0.250N)+(0.981N)+D =
1.231N + D. For the bottom link D = 0. For the bottom link, U = 1.23N. For the link above,
U=123N+1.23N = 2.46N. For the link above, U = 1.23N 4 2.46 N = 3.69 N. For the link above,
U=123N+3.69N =4.92N.

(b) For the top link, the upward force is U = 1.23N 4+ 4.92N = 6.15N.

P3-10 (a) The acceleration of the two blocks is a = F/(m1 +ms2) The net force on block 2 is from
the force of contact, and is

P =moa = Fmgy/(m1 +msg) = (3.2N)(1.2kg)/(2.3kg + 1.2kg) = 1.1N.

(b) The acceleration of the two blocks is a = F//(m1 + ma) The net force on block 1 is from the
force of contact, and is

P =mya = Fmy/(m, +ms) = (3.2N)(2.3kg)/(2.3kg + 1.2kg) = 2.1N.

Not a third law pair, eh?

(a) Treat the system as including both the block and the rope, so that the mass of
the system is M + m. There is one (relevant) force which acts on the system, so > F,, = P. Then
Newton’s second law would be written as P = (M +m)a,. Solve this for a, and get a, = P/(M+m).

(b) Now consider only the block. The horizontal force doesn’t act on the block; instead, there is
the force of the rope on the block. We’ll assume that force has a magnitude R, and this is the only
(relevant) force on the block, so Y F,, = R for the net force on the block.. In this case Newton’s
second law would be written R = Ma,. Yes, a, is the same in part (a) and (b); the acceleration of
the block is the same as the acceleration of the block + rope. Substituting in the results from part
(a) we find

M

M+m
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