Problem 14.1 In Active Example 14.1, suppose that
the coefficient of kinetic friction between the crate and
the inclined surface is ux = 0.12. Determine the dis-
tance the crate has moved down the inclined surface at
t=1s

20°

Solution: There are three unknowns in this problem: N, f, and
a. We will first assume that the crate does not slip. The governing
equations are

SF \. (445 N)sin20°— f

< 445N )
=——])a

9.81 m/s?

SF /. N — (445 N)cos20°= 0

No dlip:a=0
Solving, we find that N =418.2 N, f =152.2 N, a =0.

To check the no dlip assumption, we calculate the maximum friction
force
JSmax = usN = 0.2(418.2 N) = 83.64 N.

Since f > fmax, We conclude that our no slip assumption is false. The
governing equations are now known to be

. o 445 N
TF N\ (@45 N)sin20°— f = | ————
e ) f <9.81 m/52>“

SF /N — (445 N)cos20°= 0

Slip: f =012 N

Solving we have N = 418.2 N, f =50.2 N, a = 2.25 m/s>

1 1
To find the distance we haved = Eatz = 5(2.25 m/s?) (1s)2 =1.13 m.
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Problem 14.2 The mass of the Sikorsky UH-60A heli-
copter is 9300 kg. It takes off vertically with its rotor
exerting a constant upward thrust of 112 kN.

(@ How fast is the helicopter rising 3 s after it takes
off?
(b) How high has it risen 3 s after it takes off?

Strategy: Be sure to draw the free-body diagram of
the helicopter.

Solution: The equation of mation is 112 kN

T F :112 kN — 9.3(9.81) kN

= (9,300 kg)a ]

Solving, we find that
a=223ms.

Using kinematics we can answer the questions

a=223ms,

\4
9.3(9.81)kN

v=at = (223 M) (3 s) = 6.70 m/s,

1 1
h= éatz = 5(2.23 m/s?)(3 5)? = 10.0 m.

| (a) 6.70 m/s, (b) 10.0 m. |

102

Problem 14.3 The mass of the Sikorsky UH-60A heli-
copter is 9,300 kg. It takes off vertically at + = 0. The
pilot advances the throttle so that the upward thrust of its
engine (in kN) is given as a function of time in seconds
by T = 100 + 22.

(@) How fast is the helicopter rising 3 s after it takes
off?
(b) How high has it risen 3 s after it takes off?

Solution: The equation of mation is 100 kKN + 2 kN(I/S)z

t 2
EF.lOOkN-i—ZkN(;) A

—9.3(9.81) kN = (9, 300 kg)a S —]
Solving, we find that

a = (0.943 m/s?) + (0.215 m/sH¢2.

Using kinematics we can answer the questions

a = (0.943 m/s?) + (0.215 m/s*y?

Y
9.3(9.81)kN

v = (0.943 m/s?)r + %(0.215 m/sty 3

1 1
h= (0943 m/s)? + 10215 /sty

Evaluating these expressions at r = 3 s,

(a) v=476m/s, (b)d=5.69m.
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Problem 14.4 The horizontal surface is smooth. The

F
30-N box is at rest when the constant force F is applied. 20°
Two seconds later, the box is moving to the right at
20 m/s. Determine F.
Solution: We use one governing equation and one kinematic
relation F 30 N
_ . ( 30N )
Y F, : Fcos20" = a,
9.81 m/s? 2.1 > X a
v=(20mls) = a(2s). Y »
Solving, we find a = 10 m/s?, A
N

Problem 14.5 The coefficient of kinetic friction between F
the 30-N box and the horizontal surfaceis k= 0.1. The 20°
box is at rest when the constant force F is applied. Two
seconds later, the box is moving to the right at 20 m/s.
Determine F.
Solution:  We use two governing equations, one slip equation, and F=10N 78,48 N
one kinematic relation |

EFX:Fcos20°—f=< 0N )a, S

9.81 m/s? ¢
TF,:N—Fsin20° —30N =0,
<«

f = (O.1N, F,

v=(20m/s) =a(259). N
Solving, we find

a=10m/& N=427N, f =4.27N,
Problem 14.6 The inclined surface is smooth. The
velocity of the 114-kg box is zero when it is subjected F
to a constant horizontal force F =20 N. What is the
velocity of the box two seconds later?
20°
Solution: From the governing equation we can find the accelera- 14(9 81 ) N
tion of the box (assumed to be down the incline). )
SF /:14(9.81) N sin20° /
] F=20N a
—(20 N) cos20” = (14 kg)a )

Solving, we have  a = 2.01 m/s%.
Since a > 0, our assumption is correct.
Using kinematics,

v=at = (2.01 M) (2 s) = 4.03 m/s.

v = 4.03 m/s down the incline.

=

\
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Problem 14.7 The coefficient of kinetic friction between

the 14-kg box and the inclined surface is ux = 0.1. The F

velocity of the box is zero when it is subjected to a con-

stant horizontal force F = 20 N. What is the velocity of

the box two seconds later? 20°

Solution:  From the governing equations and the slip equation, we 14(98 1) N
can find the acceleration of the box (assumed to be down the incline).

F /1 14(9.81) Nsin20® — f /
(20 N) cos20° = (14 kg) F=20N a
- cos20° = g)a, >

SF N: N —14(9.81) N cos20°

—(20 N)sin20° = 0. /’ N

Slip: f = (0.1)N.
Solving, we have
a=104m/s>, N =136 N, f =136 N.
Since a > 0, our assumption is correct.
Using kinematics,

v=at = (1.04 m/s?)(2 s) = 2.08 m/s.

v = 2.08 m/s down the incline.
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Problem 14.8 The 700 N skier is schussing on a 25°  Solution: The governing equations and the slip equation are used
slope. At the instant shown, he is moving at 20 m/s. The  to find the acceleration

kinetic coefficient of friction between his skis and the SF /N — (700 N) cos25° = O,

snow is g = 0.08. If he makes no attempt to check his

speed, how long does it take for it to increaseto 30 m/s? _ .
TF N\ (700 N)sin25 — f

< 700 N )
= —s ] a.
9.81 m/s?
&e...._'.&

= Slip: f = (0.08)N.

Solving yields
a=343m/$>, N =6344N, f =50.8 N.
Using kinematics, we find

30 m/s= 20 m/s+ (3.43 m/$)t

Solving yields

700 N
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Problem 14.9 The 700 N skier is schussing on a 25°
slope. At the instant shown, heis moving at 20 m/s. The
kinetic coefficient of friction between his skis and the
snow is uk = 0.08. Aerodynamic drag exerts a resisting
force on him of magnitude 0.015v2, where v is the mag-
nitude of his velocity. If he makes no attempt to check
his speed, how long does it take for it to increase to
60 m/s?

Solution: The governing equations and the slip equation are used 700 N
to find the acceleration

SF /N — (700 N)cos25 =0, 0 015\/2

SF \{ (700 N)sin25’ — f
— (0.015)0? \
B ( 700 N >a “
“\osimi)

Slip: f = (0.08)N. / Y\
N

N =634.4N, f =50.8 N,

Solving yields

a = (3.43 m/s?) — (0.00021 m™~1)v2.
Using kinematics, we find
_ dv

a== (3.43 m/s?) — (0.00021 m~1)o?

60 m/s dv t
/ = / dr =t
20 mys (3.43 m/s?) — (0.00021 m~Y)v2 o
Performing the integration, we find

1 | 343+ (0.0268)
2(0.0268) | 3.43— x(0.0268)

Solving yields | =13.1s.

Problem 14.10 The total external force on the 10-kg

object is constant and equal to XF = 90i — 60j + 20k (N).
Attimer = O, itsvelocity isv = —14i + 26] + 32k (m/s).
What isitsvelocity at ¢+ = 4 s? (See Active Example 14.2.)

60

20

Solution:

_F_(0i-60j+20)N
a= = 0k = (9 — 6] + 2k) m/s. x

Vv =ar +Vo = [(9 — 6 + 2k) m/S?](4s) + (—14i + 26] + 32k) m/s.

vV = (22i + 2j + 40k) m/s.
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Problem 14.11 The total externa force on the 10-kg
object shown in Problem 14.10 is given as a function of
time by XF = (—20r + 90)i — 60j + (10r + 40)k (N).
At timer = 0, its position isr = 40i + 30j — 360k (m)
and its velocity isv = —14i 4+ 26j + 32k (m/s). What is
its position at t = 4 s?

Solution:

1 A
a= uo—kg)[(—zoz + 90)i — 60] + (10¢ + 40)k]N

a=[(—2t+9)i — 6 + (t + Hk] m/s?
Integrate to get the velocity

v=/adr+vo

1
V= [(—xz +9r — 14)i + (=61 + 26)] + <§z2 + 4t + 32) k} m/s

Integrate again to get the position
r= /le +ro

1 9
r = [<_§z3 + 5’2 — 14¢ +40> i + (=32 + 26t + 30)j

1
+ <6r3 +22 432 — 360) k] m

At the time indicated (r = 4 s) we have

| r = [34.7i + 86] — 189.3k] m |

Problem 14.12 The position of the 10-kg object shown
in Problem 14.10 is given as a function of time by r =
(20¢3 — 300)i + 60r?j + (6t — 40r2)k (m). What is the
total external force on the object at r = 2 s?

Solution:

r = [(20r3 — 300)i 4 (60r2)j + (6t* — 40r2)k] m

d
V= d—; — [(602)i + (120)] + (24 — 80)K] m/s

a= % = [(120r)i + (120)j + (72r% — 80)k] m/s>

F = ma = (10 kg)[(1200)i + (120)] + (722 — 80)k] m/s

F = [(12001)i + (1200)j + (720r> — 800)k] N
At thetimer=2s,

| F =[2.40i + 1.20j + 2.08k] kN |
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Problem 14.13 The total force exerted on the 80,000-
N launch vehicle by the thrust of its engine, its weight,
and aerodynamic forces during the interval of time from
t = 2stor = 4 sisgiven asafunction of timeby XF =
(2000 — 400¢2)i + (5200 + 440¢t)j + (800 + 60tk (N).
At t =2 s, its velocity is v = 12i + 220j — 30k (m/s).
What isits velocity at t = 4 s?

Solution: Working in components we have

Fy _ (2000 — 400r%) N

m <80,000 N)
9.81 m/s?

= (0.245— 0.05¢%) m/s?,

ay =

F, (5200 + 4401) N

ay =

9.81 m/s?

F, _ (800+60:%) N
m (80,000 N)
9.81 m/s?

= (0.098 + 0.0074t%) m/s

a; =

We find the velocity at ¢t = 4 s, by integrating: v = f;: adt +vp. In
components this is

1
vy = ([0.245][4 -2 - é[0.05][43 2%+ 12) m/s = 11.56 m/s,

vy = ([0.638] [4-2+ %[0.054][42 -2+ 220) m/s = 222.8 m/s,

v, = ([0.098][4 -2+ %[0.0074][43 -2 - 30) m/s = —29.7 m/s,

Thus | v = (11.56i + 222.8) — 29.7k) m/s. |

Problem 14.14 At the instant shown, the horizontal
component of acceleration of the 115.6 kN airplane due
tothe sum of the external forces acting onit is14 m/s> If
the pilot suddenly increases the magnitude of the thrust
T by 17.8 kN, what is the horizontal component of the
plan€e’s acceleration immediately afterward?

Solution: Before
115600 N
Fy F, = =——— ) 14 m/s®) = 164975 N
2 iy (9.81 m/52>( )
After

> Fy:164975 N + (17800 N) cos15’ = (

=|a = 15.46 m/& ‘

11560 N )
—F | a
9.81 m/s?
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Problem 14.15 At theinstant shown, the rocket istrav-
eling straight up at 100 m/s. Its mass is 90,000 kg and
the thrust of its engine is 2400 kN. Aerodynamic drag
exerts aresisting force (in newtons) of magnitude 0.8v2,
where v is the magnitude of the velocity. How long does
it take for the rocket’s velocity to increase to 200 m/s?

Solution: The equation of moation is

S F : (2400 kN) — (90,000 kg)(9.81 m/s)

—(0.8 kg/m)v? = (90,000 kg)a
Solving for the acceleration we have

_dv

adt

= (16.9 m/s?) — (8.89x 1076 m1)1?

200 m/s dv t
= dr =1t
/100 mys (16.9 m/s?) — (8.89x10-6 m—1)p? /o
Carrying out the integration, we find

¢ = (81.7 s)(tanh~1[(0.000726)(200)] — tanh~1[(0.000726) (100)])
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Problem 14.16 A 2-kg cart containing 8 kg of water y
isinitialy stationary (Fig. a). The center of mass of the

“object” consisting of the cart and water isat x = 0. The

cart is subjected to the time-dependent force shown in

Fig. b, where Fp =5 N and 1o = 2 s. Assume that no

water spills out of the cart and that the horizontal forces

exerted on the wheels by the floor are negligible.

(@) Do you know the acceleration of the cart during
the period 0 < ¢ < #? @
(b) Do you know the acceleration of the center of mass
of the “object” consisting of the cart and water
during the period 0 < ¢ < £p? F
(c) What is the x-coordinate of the center of mass of
the “object” when ¢ > 2¢,? F

Solution: ) -

(& No, the interna dynamics make it impossible to determine the
acceleration of just the cart.
(b) Yes, the entire system (cart + water) obeys Newton's 2™ Law. y

5N
ZF.(5N)=(10kg)a:a:m:OBm/SZ .

() The center of mass moves as a “super particle’.

ForO<t<r X

5N
= =" _o b
5N = (10 kg)a = a 0k 0.5 m/s? (b)

v=(05m/s), s=(0.25m)?
Att=1=2s v=10m/s, s=10m
For 1o < t < 21,

—5N=(10kg)a, a = —05 m/s?, v =—(0.5 M) (r — to) + 1.0 m/s

s =—(0.25 M) (r — 10)> + (LO M/9)(¢ — 1) + L.O m

For t > 219, |a:v:0, s:2.0m|
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Problem 14.17 The combined weight of the motorcy-
cle and rider is 1601 N. The coefficient of kinetic fric-
tion between the tires and the road isux = 0.8. The rider
starts from rest, spinning the rear wheel. Neglect the
horizontal force exerted on the front wheel by the road.
In two seconds, the motorcycle moves10.67 m.What was
the normal force between the rear wheel and the road?

Solution: Kinematics

1 1
a = constant, v = at, s = éatz, 10.67 m = éa(z 92 = a=5.33 m/s

1601 N
9.81 m/s?

Dynamics. F, = < ) (5.33 m/s®) =870 N

- 870 N
Friction: | F, = (0.8)N = N = o8 1089.8 N

Problem 14.18 The mass of the bucket B is 180 kg.
From ¢t =0to ¢t =2s, the x and y coordinates of the
center of mass of the bucket are

x =—02:34+0.05:2+ 10 m,

y =012 +0.4 +6m.

Determine the x and y components of the force exerted
on the bucket by its supportsat t =1 s.

Solution:

x=-0234+0052+10, y=01?+04r+6
vy = —0.62 + 0.1z, vy =0.2r +04

a, =—12+01, a, =02

Fy = ma, = (180 kg)(—=1.2[1 §] + 0.1) m/s> = —198 N
Fy = may +mg = (180 kg)(0.2) m/s* + (180 kg)(9.81 m/s?)
=1800 N

Problem 14.19 During atest flight in whicha9000-kg
helicopter starts from rest at ¢+ = 0, the acceleration of its
center of mass fromr =0tor=10sisa= (0.6r)i +
(1.8 — 0.361)] m/s®>. What is the magnitude of the total
externa force on the helicopter (including its weight) at .
t=68?

. 0
Solution: From Newton's second law: 3" F = ma. The sum of ?’é// W
the external forces is Y F = F — W = 9000[(0.6¢)i + (1.8 — 0.36¢) -
j]i=6 = 32400i — 3240j, from which the magnitude is X

‘Z F’ = /324007 + 32402 = 32562 (N).
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Problem 14.20 The engineers conducting the test
described in Problem 14.19 want to express the total
force on the helicopter at ¢+ = 6 sinterms of threeforces:
the weight W, a component 7' tangent to the path, and
a component L normal to the path. What are the values
of W, T,and L?

Solution: Integrate the acceleration: v = (0.3:2)i + (1.8 — 0.18
12)j, since the helicopter starts from rest. The instantaneous flight
h ardle i dy dy\ (dx\"! (1.8 —018?) A
path angle is tanﬂ_a_<ﬁ) (E) =039 t
2
%) =21.8°. A unit vector
tangent to this path is @ =icosg +jsing. A unit vector normal to
this path &, = —isinB +j cos 8. The weight acts downward:

=68, B_g=tan L

W = —j(9000)(9.81) = —88.29] (kN). |

From Newton’'s second law, F — W = ma, from which F = W + ma
= 32400i + 85050] (N). The component tangent to the path is

| T =F-q = 32400cosp + 85050sin 8 = 61669.4 (N) |

The component normal to the path is

| L =F-e,=—32400sinp + 85050 cos 8 = 66934 (N) |

Problem 14.21 At the instant shown, the 11,000-kg y
airplane’s velocity is v =270 i m/s. The forces acting
on the plane are its weight, the thrust 7 = 110 kN, the \
lift L = 260 kN, andthedrag D = 34 kN. (The x-axisis L T
parallel to the airplane’ s path.) Determine the magnitude X
of the airplane's acceleration. 15°
Path
15°
Horizontal

Solution:  Let us sum forces and write the accel eration components
along the x and y axes as shown. After the acceleration components are
known, we can determine its magnitude. The equations of motion, in
the coordinate directions, are ) Fy = T cos15° — D — Wsin15° =
may, and ) Fy = L + T sin15° — W cos15° = ma,. Substituting in
the given values for the force magnitudes, we get a, = 4.03 m/s? and
ay = 16.75 m/s?. The magnitude of the accelerationis|al = /a2 + a2

= 17.23 m/§
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Problem 14.22 At the instant shown, the 11,000-kg
airplane' s velocity isv = 300i (m/s). The rate of change
of the magnitude of the velocity isdv/dt = 5 m/s®. The
radius of curvature of the airplane’s path is 4500 m, and
the y axis points toward the concave side of the path.
The thrust is T = 120,000 N. Determine the lift L and
drag D.

Solution:
a, =5 m/s
m = 11000 kg
g = 9.81 m/s?
[V| = 300 m/s
T = 120000 N
p = 4500 m

> Fe TcoslS — D —mgsinl5 =ma
> Fy: L+Tsin15 —mgcosl5® = may

ay = Vz/ﬂ

Solving, D = 33.0 kN, L =293 kN

Horizontal

Problem 14.23 The coordinates in meters of the 360-
kg sport plane's center of mass relative to an earth-
fixed reference frame during an interval of time are x =
20t — 1.63t%, y = 35t — 0.15¢3, and 7 = —20r + 1.38¢2,
wheret isthetimein seconds. The y- axis points upward.
The forces exerted on the plane are its weight, the thrust
vector T exerted by its engine, the lift force vector
L, and the drag force vector D. At t = 4 s, determine
T+ L +D.

Solution: There are four forces acting on the airplane. Newton's
second law, in vector form, given T+L +D+W =(T+L 4+ D) —
mgj = ma. Since we know the weight of the airplane and can evaluate
thetotal acceleration of the airplane from the information given, we can
evaluate the (T + L + D) (but we cannot evaluate these forces sepa-
rately without more information. Differentiating the position equations
twice and evaluating at + = 4.0 s, we get ay = —3.26 m/S?, ay =
—3.60 m/s?, and az = 2.76 m/s*. (Note that the acceleration compo-
nents are constant over thistime interval. Substituting into the equation
for acceleration, we get (T + D + L) = ma+ mgj. The mass of the
airplaneis 360 kg. Thus, (T + D + L) = —1174i 4 2236] 4 994k (N)
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Problem 14.24 The force in newtons exerted on the
360-kg sport plane in Problem 14.23 by its engine, the
lift force, and the drag force during an interval of time
is T+L + D= (—1000+ 280¢) i + (4000 — 430¢) j +
(720 + 200¢) k, where ¢ is the time in seconds. If the
coordinates of the plane’'s center of mass are (0, 0, 0)
and its velocity is 20i + 35] — 20k (m/s) at r = O, what
are the coordinates of the center of mass at r = 4 s?

Solution:  Since we are working in nonrotating rectangular Carte-
sian coordinates, we can consider the motion in each axis separately.
From Problem 14.23, we have (T + D + L) = ma+ mgj. Separating
the information for each axis, we have may = —1000 + 280¢, may =
4000 — 430t — mg, and maz = 720 + 200¢

Integrating the x equation, we get v, = vy + (1/m)(—1000¢ +
280¢2/2) and x = vxot + (1/m)(—1000¢2/2 + 280r3/6).

Integrating the y equation, we get vy = vyo + (1/m)((4000 — mg)t —
430r2/2) and y = vyot + (1/m)((4000 — mg)r?/2 — 430¢3/6)
Integrating the z equation, we get vz = vzo + (1/m) (720t + 20012/2)
and z = vzor + (1/m)(720¢?/2 4 200:%/6).

Evaluating at ¢+ = 4 s we find the aircraft at (66.1, 137.7, —58.1)m
relative to itsinitial position at r = 0.

Problem 14.25 The robot manipulator is programmed y
so that x = 40 + 24t2 mm, y = 4¢3 mm, and z = O dur-
ing the interval of time from¢t=0tot=4s They
axis points upward. What are the x and y components
of the total force exerted by the jaws of the manipulator
on the 2-kg widget A at r = 3 s?

Solution:

x = 40 + 24r> mm y =43 mm

vy = 48t mm/s vy = 1212 mm/s
a, = 48 mm/$ ay = 24t mm/s?
Atr=3s

a, = 48 x 1073 m/s?,

Fy = may

Fy —mg = may

Solving,
F, =0.096 N
F, =19.764 N

ay =72 x 1073 m/s?

m = 2Kkg
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Problem 14.26 The robot manipulator described in
Problem 14.25 is reprogrammed so that it is stationary
at + = 0 and the components of its acceleration are a, =
400 — 0.8v, mm/s?, a, = 200 — 0.4 v, mm/s* from ¢ =
0tot=2s, where v, and v, are the components of
robot’s velocity in mm/s. The y axis points upward.
What are the x and y components of the total force
exerted by the jaws of the manipulator on the 2-kg
widget A atr =15s?

Solution: y
dvy
ay=—== 400 — 0.8vy
t vy
/ dt = / L
0 0 (400 — 0.8Ux)
t 1 In(400 — 0.8v,) "
= — — V.ovy
(-0.8) o
400 — 0.8vy
—-0. = -
(—0.8¢) n( 200 )

or 400 — 0.8v, = 400e 08

— i _ ,—08¢
Uy = ©08) (400)(1 —e )

Atr=1s v, =275.3 mm/s

A similar analysis for v, yields

vy =1648 mm/satt =1s.
Atr=1s, iRy
ay = 400 — 0.8 v, = 179.7 mm/s?

ay =200 — 0.4 v, = 134.1 mm/s?

m = 2Kg

g =9.81m/s
a, = 0.180 m/s?
ay = 0.134 m/s?

Z Fy: Fy =may

ZFy: Fy —mg = ma,

Solving,
F, =035 N
F, =19.89 N
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Solution: The stone travels at an angle relative to the x axis.

Problem 14.27 In the sport of curling, the object isto ’%A\Q@

slide a“stone” weighting 44 N into the center of atarget N YL y
located 31 m from the point of release. In terms of the
coordinate system shown, the point of release is at
x =0, y = 0. Suppose that a shot comes to rest at x =
31 m, y =1 m. Assume that the coefficient of kinetic
friction is constant and equa to wux = 0.01. What
were the x and y components of the stone’s velocity at
release?

Curling
stone

im
6= tanil (m) =1.85°

The accelerations and distances are related as X

@ =vp gt = —(0.01)(9.81 m/s?) cos(1.85°) = —0.098 m/s?

0 31lm
f Vedvy = f (—0.098 m/s?)dx,
v 0
U2
0— ?0 = —(0.098 m/s?) (31 m) = v, = 3.04 mfs.

dv,
ay = vydiy’ — —(0.01)(0.098 m/s?) sin(1.85°) = —0.00316 m/&

0 im
/ vydvy = / (—0.00316 m/$)dx,
0

vy0

v2
0— =2 = —(0.00316 M/&)(L M) = v,0 = 0.00316 m/s”.

V.0 = 3.04 M/s, v,o = 0.00316 mM/s2.
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Problem 14.28 The two masses are released from rest.
How fast arethey moving at ¢ = 0.5 s?(See Example 14.3.)

Solution: The free-body diagrams are shown. The governing T T
equations are

SFy et T —2(9.81) N = (2 kg)a

SFy rign 1 T — 5(9.81) N = —(5 kg)a ¢
a

Solving, we find
T =280N,a =420 m/s.

To find the velocity, we integrate the acceleration i

v=at = (420 m/s)(0.5 s) = 2.10 m/s.

2(9.81)N 5(9.81) N

Problem 14.29 Thetwo weights are released from rest.
The horizontal surface is smooth. (a) What is the ten-
sion in the cable after the weights are released? (b) How
fast are the weights moving one second after they are
released?

101k
Solution: Thefree-body diagrams are shown. The governing equa- —» g
tions are
SF. T < 51b )
XA - = a
! 32.2 U< 51b T
101b
YFp:T—10lb)=—-| ——
w1 =0 (32.2ft/52)“ A AT
Solving, we find N

T =3331b,a = 21.5 ft/s.
To find the velocity we integrate the acceleration B

v=at = (215 ft/?)(1 s) = 21.5 ft/s.

@ T =3331b, (b) v—2151Us Y
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Problem 14.30 Thetwo weightsare released from rest.
The coefficient of kinetic friction between the horizon-
tal surface and the 5-N weight is ux = 0.18. (8) What is
the tension in the cable after the weights are released?
(b) How fast are the weights moving one second after
they are released?

10N
Solutlon: The free-body diagrams are shown. The governing equa- 4> a
tions are
SFa:T—f ( SN >
AT —f=|\—7—"3)a
ot T T \ostmig 5N T
TFya:N—-5N=0, T
A < A
10N
YXFyg:T—(10N)=— ,
\p T — (10N) (9_81m/32>a N f
f = (0.18)N. B a
Solving, we find
T =393N,a=5.95m/s, V
N=5N, f=09N. 10 N

To find the velocity we integrate the acceleration

v=at = (5.95m/$)(1s) =5.95 m/s.

(@) T=393N (b) v=>5.95m/s.
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Problem 14.31 The mass of each box is 14 kg. One
second after they arereleased from rest, they have moved
0.3 m from their initial positions. What is the coefficient
of kinetic friction between the boxes and the surface?

Solution:  We will first use the kinematic information to find the —y» a

acceleration a
a = constant,

v = at, T \a

d ! t
= —a
2 V4
1 2
0.3m= Ea(l S) NA / \

a=0.6ms.
N, Vg

From the free-body diagrams we have four equations of motion:

TFa T — uwNa = (14 kga,
SFya:Na— (14kg)(9.18 m/s?) =0
TR (14kg)(9.81 m/s?) sin30° — T — 13 Np = (14 kg)a,

F qp: Np — (14 kg)(9.81 m/s?) cos30° = 0
Solving these equations, we find

T =36.2N, Ny =137 N, Np = 119 N, px = 0.202.
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Problem 14.32 Themassesm, = 15 kgand mg = 30 kg,
and the coefficients of friction between all of the surfaces A
are us= 0.4 and ux = 0.35. The blocks are station- F
ary when the constant force F is applied. Determine B —
the resulting acceleration of block B if (a) F = 200 N;
(b) F =400 N.

Solution:  Assume that no mation occurs anywhere. Then

Np = (45 kg)(9.81 m/s?) = 441 N

15(9.81) N
fBmax = s N = 0.4(441 N) = 177 N. v

The blocks will slip aslong as F > 177 N. Assume that blocks A and

B move together with the common acceleration a.
ZFea: fa= (15kga ﬁ ) fA
EFyA:NA—(15kg)(9.81m/sz):0 30(9 81)N ¢NA f

o «—/M
SFp: F— fa— fz = (30 kg)a F
Fyp: Np — (30 kg)(9.81 m/$®) — Ny =0
<

Sipat B: fz = (0.35)Npg T Iz

Sfamax = (0.4) N4

(@ F =200N.Solvingwefindthata = 1.01 m/s?, f4 =152 N, famax =
58.9 N. Since f4 < f4max, we know that our assumption is cor-
rect (the blocks move together).

(b) F =400N. Solvingwefindthata = 5.46 m/$, fa =818 N, fomax =
58.9 N. Since fa > famax, We know that our assumption is
wrong (the blocks will not move together, but slip will occur
at all surfaces). The equations are now

YFp (0.35)NA = (15 kg)aA
SFya i Na— (15 kg)(9.81 m/$) =0
SF.p 1 F — (0.35) (N4 + Np) = (30 kg)ap

EFyp: Np — (30 kg)(9.81 m/$®) — Ny =0

Solving we find that a4 = 3.43 MIS, ap = 6.47 M/S.

(@) ag = 101 m/S, (b) ap = 6.47 m/S.
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Problem 14.33 The crane’s trolley at A moves to the
right with constant acceleration, and the 800-kg load
moves without swinging.

(& What is the acceleration of the trolley and load?
(b) What is the sum of the tensions in the parallel
cables supporting the load?

1l

7 | WN%N%N%NN

T

| > =

Solution: (a) From Newton's second law, 7 sinf = ma,, and
Tsing mg

T cosd —mg =0. Solve a, = , T = , from which 5T
m cos6
a = gtand = 9.81(tan5°) = 0.858 M/ | } _J
(b) _ B0O8D _ se7g N I
cos5°
T
Problem 14.34 The mass of A is 30 kg and the mass A
of B is5 kg. The horizontal surface is smooth. The con-
stant force F causes the system to accelerate. The angle F /f
0 = 20° is constant. Determine F.

B
Solution:  We have four unknowns (F, T, N, a) and four equations
of motion: 30(98 ]) N
YFyp: F—Tsino = (30 kg)a,
F a
£Fys: N —Tcosé — (30 kg)(9.81 m/s?) = 0, > —

Y Fyp:Tsnd = (5Kkga,

S Fyp : Tcosf — (5kg)(9.81 m/s?) = 0. r TN

Solving, we find
T =522N,a =357 m/s?, N =343 N a
) . . )

5(9.81) N
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Problem 14.35 The mass of A is 30 kg and the mass A
of B is5 kg. The coefficient of kinetic friction between

A and the horizontal surface is ukx = 0.2. The constant F ey f
force F causes the system to accelerate. The angle 6 =
20° is constant. Determine F. J
6
B

Solution:  We have four unknowns (F, T, N, ) and four equations

of motion: 3()(981) N
YFa: F—Tsing — uxN = (30 kg)a,
F a
SFy,: N — T cos — (30 kg)(9.81 m/s?) = 0, —>> —>»
Y Fyp :Tsin® = (5kg)a, (
N N
Fyp : T cosf — (5 kg)(9.81 m/s?) = 0.
Solving, we find
T =522N,a =357 ms, N =343 N,
4>
5(9.81) N

Problem 14.36 The 445 N crateisinitialy stationary.
The coefficients of friction between the crate and the A
inclined surface are u; = 0.2 and u; = 0.16. Determine F
how far the crate moves from its initial position in 2 s >
if the horizontal force F = 400 N.

_

Solution: Denote W =445 N, g = 9.81 m/>, F =400 N, and
# = 30°. Choose a coordinate system with the positive x axis parallel
to the inclined surface. (See free body diagram next page.) The normal
force exerted by the surface on the box is N = F sinf + W cost = 30°
585.4 N. The sum of the non-friction forces acting to move the box
iSF, = Fcosf —Wsing =124.1 N. Sliponly occursif |F.|> |N s w
which 124.1 > 117.1 (N), so slip occurs.

The direction of dlip is determined from the sign of the sum of
the non friction forces. F, > 0, implies that the box dips up the
surface, and F, < 0 implies that the box dlips down the surface
(if the condition for slip is met). Since F. > 0 the box slips up
the surface. After the box dips, the sum of the forces on the box
paralle to the surface isz Fy = F, —sgn(F;)ux N, where sgn(F,) =

= (E> a, from which a =
8

F,
|F I
W(FC — sgn(F)ux N) = 0.65 m/2. The velocity is v(t) = at m/s,

since v(0) = 0. The displacement is s = %tzft, since s(0) = 0. The

position after 2 sis |[s(2) = 1.35 m| up the inclined surface.
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Problem 14.37 In Problem 14.36, determine how far
the crate moves from its initial position in 2 s if the
horizontal force F = 133.4 N.

Solution: Use the definitions of terms given in the solution to
Problem 14.36. For F = 133.4 N, N = Fsin6 + W cos6 = 452 N,
and F. = F cosd — W sing = —106.8 N from which, |F.| = 106.8>
lusN| = 90.4, so slip occurs. Since F. < 0, the box will slip down
the surface. From the solution to Problem 14.36, after slip occurs,

a= <%) (F, — sgn(F.)uxN) = —0.761 m/s%. The position is s(r) =

%IZ. At 2 seconds, |s(2) = —1.52 m| down the surface.

Problem 14.38 The crate has a mass of 120 kg, and
the coefficients of friction between it and the sloping
dock are u, = 0.6 and u, = 0.5.

(8 What tension must the winch exert on the cable to
start the stationary crate dliding up the dock?

(b) If thetension is maintained at the value determined
in part (), what is the magnitude of the crate’'s
velocity when it has moved 2 m up the dock?

Solution:  Choose a coordinate system with the x axis parallel to
the surface. Denote 6 = 30°.

(& The normal force exerted by the surface on the crate is N =
W cos® = 120(9.81)(0.866) = 1019.5 N. The force tending to
move the crate is F, =T — Wsinf, from which the tension
required to start dip is | T = W(sinf) + pus N = 1200.3 N. |

(b) After dip begins, the force acting to move the crate is F =
T —Wsnf — upN = 101.95 N. From Newton's second law,
. F 101.95
F = ma, from whicha = [ — ) = —=— = 0.8496 m/s’. The
m 120
velocity isv(¢) = at = 0.8496r m/s, since v(0) = 0. The position

is s(t) = %tz, since s(0) = 0. When the crate has moved

2(2
2m up the slope, t10 =,/ 22 =217 s and the velocity is
a
| v =a(2.17) = 1.84 m/s. |

30°

Problem 14.39 The coefficients of friction between the
load A and the bed of the utility vehicle are us = 0.4
and ug = 0.36. If the floor is level (9 = 0), what is the
largest acceleration (in m/s?) of the vehicle for which
the load will not dlide on the bed?

Solution: The load is on the verge of slipping. There are two
unknowns (a and N). The equations are

XFy i pusN =ma, XF,:N—-mg=0
Solving we find

a = psg = (0.4)(9.81 m/s?) = 3.92 m/s.

a =392 ms.
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Problem 14.40 The coefficients of friction between the
load A and the bed of the utility vehicle are us= 0.4 (]
and ux = 0.36. Theangled = 20°. Determine the largest ‘
forward and rearward acceleration of the vehicle for
which the load will not slide on the bed.

Solution: The load is on the verge of slipping. There are two
unknowns (a and N). mg a
Forward: The eguations are

XF, i usN —mgsing = ma,

YXF,: N —mgcosd =0 /
uN

a = g(us C0SO — sinb)
= (9.81 m/s?)([0.4] cos20° — sin20%)
a

mg

Rearward: The equations are K

SFy:—usN —mgsing = —ma,

XF,:N —mgcost =0 /

Solving we find ﬂSN

a = g(us C0SO + sinh)

Solving we find

= (9.81 m/s?)([0.4] cos20° + sin20%) N
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Problem 14.41 The package starts from rest and slides
down the smooth ramp. The hydraulic device B exerts
a constant 2000-N force and brings the package to rest
in a distance of 100 mm from the point where it makes
contact. What is the mass of the package?

Solution:  Set g = 9.81 m/s?

First analyze the motion before it gets to point B.

ZF\ :mgsin30° = ma

2
. 5 . 5 . o\t
a=gsn30, v=(gsin30)z, s=(gsm30)§

When it gets to B we have

2
s=2m= (gsin30°)§ =+r=0903s
v = (gsin30°)(0.903 s) = 4.43 m/s

Now analyze the motion after it hits point B.

> F :mgsin30° — 2000 N = ma

d
a= v—v =gsin30° — 200N
ds m
0 0im /. 2000 N
/ vdv:/ (gsm30°——>ds
4.43m/s 0 m
4.43 m/s)? . . 2000N
0- % = (gsm30 - —) (0.1 m)
m

Solving the last equation we find | m = 19.4 kg

Problem 14.42 The force exerted on the 10-kg mass
by the linear spring is F = —ks, where k is the spring
constant and s is the displacement of the mass relative
to its position when the spring is unstretched. The value
of k is 40 N/m. The mass is in the position s = 0 and
is given an initial velocity of 4 m/s toward the right.
Determine the velocity of the mass as a function of s.

Strategy: : Usethe chain rule to write the acceleration

as
dv _dvds _dv
dr dsdr  ds*

Solution: The equation of motion is —ks = ma

dv k :>/Ud Skd :>v2 v(z) k s2
= V)— = ——%5 vdv = — —ds —_ — 2 = —
4 ds m’ w0 o m ’ 2 2 m 2
Thus
k 40 N/m
v=i,/v57;s2=il(4m/5)27 0kg 52
‘v=i2x/4fs2 m/s‘

ks
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Problem 14.43 The 450-kg boat is moving at 10 m/s
when its engine is shut down. The magnitude of the
hydrodynamic drag force (in newtons) is 40v2, where
v is the magnitude of the velocity in m/s. When the
boat’s velocity has decreased to 1 m/s, what distance
has it moved from its position when the engine was shut
down?

Solution: The equation of motion is

40
F = —40v? = (450 k =——?
vt =0 Kga = a = —755v
To integrate, we write the acceleration as

dv 4 5 1m/s dy 40/3'd on( Lms 40
a=v—=——20 — == s =——s
ds 450 10m/s U 450 Jo 10 m/s 450

450

Problem 14.44 A sky diver and his parachute weigh
890 N. He is falling verticaly at 30.5 m/swhen his
parachute opens. With the parachute open, the magnitude
of the drag force (in Newton) is 0.5v2 (a) What is the
magnitude of the sky diver's acceleration at the instant
the parachute opens? (b) What is the magnitude of his
velocity when he has descended 6.1 m from the point
where his parachute opens?

Solution: Choose a coordinate system with s positive downward.

For brevity denote C; =0.5, W = 890 N, g = 9.81 m/s? From
w d

Newton's second law W — D = (—) (d—zj),whereD =0.50%. Use
8

0.5v%g Cqv?

—g(1-
W t8=s [
(@) At the instant of full opening, the initial velocity has not

decreased, and the magnitude of the acceleration is

C
|ainit] = ‘g (1— Wd02>

; L d
the chain rule to write vd—v =—
s

=24 g=235.3 m/?

. . d .
(b) Separate variables and integrate: % = gds, from which D
1 Lav
w
Cyv? 2Ca8
In{1-— =——= C. Invert and solve:
n< W) <Ws+ nvert and solve W
w 2C4g
v2 = <C_> (17 Ce~ W A). At s =0, v (0) = 30.5 m/s, from
d
Cy7.75%
which € =1— dW =-1.03, and

w —2Cdgv o
v? <C—> <1+1.03e W ').Ats:G.lmtheveIocny is
d

g
- (6.1
v(s=6.1) = 2W(1+1.03eW ):8.53m/s
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Problem 14.45 The Panavia Tornado, with a mass of
18,000 kg, lands at a speed of 213 km/h. The decelerat-
ing force (in newtons) exerted on it by itsthrust reversers
and aerodynamic drag is 80,000 + 2.5v2, where v is the »
airplane's velocity in m/s. What is the length of the air- = L
plane's landing roll? (See Example 14.4.) :

Solution:

1000 m 1h
vo = 213 km/h( Tkm ) (3600 s) =59.2 m/s

T F = —(80,000 4 2.5v%) = (18,000 kg)a

dv 80,000 + 2.5v2
a="v = —

ds 18,000

/0 vdv _ 7/“ ds
v 80,000 + 2.502 ~ Jo 18,000

1 80,000 s
5\ 80,000+2505 ) 18,000
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Problem 14.46 A 890 N bungee jumper jumps from
a bridge 39.6 m above ariver. The bungee cord has an
unstretched length of 18.3m and has a spring constant
k = 204 N/m. (a) How far above the river is the jumper
when the cord brings him to a stop? (b) What maximum
force does the cord exert on him?

Solution: Choose a coordinate system with s positive downward.
Divide the fal into two parts. (1) the free fal until the bungee
unstretched length is reached, (2) the fall to the full extension of the

d
bungee cord. For Part (1): From Newton's second law d—j =g. Use

: . d . .
the chain rule to write: vd—v = g. Separate variables and integrate:
N

v2(s) = 2gs, sincev(0) = 0. At s=18.3m, v(s =18.3) =
V2 gs = 18.93 m/s. For Part (2):
From Newton’'s second law

W—-T= w <Z—l;> where T = k(s — 18.3).

Use the chain rule to write:

dv gk k
vg—gfW(s718.3)—g(17W(5718.3)> (s > 18.3m). |

Separate variables and integrate:
v2(s) =2 gs 1—L(s—39 6))+C.Ats =18.3
= g 2W . . - . 9
v¥(s = 18.3) = [2 gsl,—183 = 39.6 g,
from which C = 4%(18.32) = —753. The velocity is

2 gk 5 183k gk 2
5) = —=>— 2g 1+ —— ) s — ==(18.3%).
ve(s) wi T g( t s W( )

When the jumper is brought to a stop, v(syp) = 0, from which 524
w .
2bs +c =0, where b = — <7 + 18.3), and ¢ = 18.32. The solution:

Sstop = —b++/b2—c=36,=9.29 m.

(& The first value represents the maximum distance on the first
excursion, from which

|h=39.6 - 36=3.6 m

is the height above the river at which he comes to a stop. (b) The
maximum force exerted by the bungee cord is

F =k(s —18.3) = 204(36—18.3) = 3610.8 N
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Problem 14.47 A helicopter weighs91.2 kN. It takes
off verticaly from sea level, and its upward velocity
is given as a function of its dtitude # in metre by
v=66—0.01 1 m/s

(@ How long does it take the helicopter to climb to an
atitude of 1219 m?

(b) What is the sum of the vertical forces on the heli-
copter when its altitude is 610 m?

Solution:
dh t 1219 dh
=% _66—00w dt = o
@ v=7 ’:>/o ! fo 66— 0.01

~[=s3

(b) a= Uj—Z = (66 — 0.014)(—0.01) = —0.66 + 0.0001%

At h =610 m we have

a=-06m/s® = |F= <91200 N

SBL T 52> (—0.6 m/s?) = —5578 N

Problem 1448 In a cathode-ray tube, an electron y —
(mass = 9.11 x 103! kg) is projected a O with 1| Sereen
velocity v = (2.2 x 107)i (m/s). While the electron is ‘

between the charged plates, the electric field generated Mﬂﬂ
by the plates subjects it to a force F = —eEj, where P — X
the charge of the electron e = 1.6 x 10~1° C (coulombs) O
and the electric field strength £ = 15 kN/C. Externa L

forces on the electron are negligible when it is not
between the plates. Where does the electron strike the
screen?

‘ 100 mm

L 3x102m Serean
Vv 22x107 mis AN
1.3636 x 10~° s. From Newton's second law, F = m.a,. The q X
acceleration due to the charged plates is o
’_30 | 100
mm | mm

Solution:  For brevity denote L = 0.03m, D = 0.1 m. The time v
spent between the charged plates is 1, = | B

feEj _ (16X 1071915 x 10°)

a, = = =j2.6345 x 101 m/s2.
i~ 911x10@ 7! %

a
The velocity is v, = —a,t and the displacement isy = ?”tz. At the
2
a,t
exit from the plates the displacement isy, = — ”2” = —j2.4494 x
10~3 (m). The velocity is vy, = —a,t = —}3.59246 x 10° m/s. The
time spent in traversing the distance between the plates and the

D 10 Im
L = _— 45455 x 1079 s. The vertical
vV 22x 107 mis * vert

displacement at the screen is

screen is t,; =

Vs = Vyplps + Y, = —(3.592456 x 10°)(4.5455 x 1079)
—j2.4494 x 1073 = —18.8] (mm)
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Problem 14.49 In Problem 14.48, determine where Solution: Use the solution to Problem 14.48. Assume that the
the electron strikes the screen if the electric field strength ~ electron enters the space between the charged plates at ¢ =
is E = 15sin(wt) KN/C, where the frequency w=2x 0, so that at that instant the electric field strength is zero.

10° s7L. The acceleration due to the charged plates is a= —fj =
me
(1.6 x 10712 C)(15000sinwt N/C). . 15
_ = —j(2.6345 x 1
911 x 10 3 kg I = ~1(26345107)
. L . (2.6345 x 101° !
sinwr (M/s2). The velocity isVy =] # coswt + C. Since
w
2.6345 x 10'°
Vy(0) =0 C= -0 i 13172 x 10°. The displace
2 x 109

2.6345 x 101°
ment isy =j (7:) Sinwt + Ct, since y(0) = 0. The time

spent between the charged platesis (see Problem 14.48) 7, = 1.3636 x
107% s, from which wt, = 2.7273 rad. At exit from the plates, the

. Lo . 2.6345 x 101 ,
vertical velocity isv,, =] T cos(wty) + C = —j2.523 x
108 (m/s).
, . . 2.6345 x 101 .
The displacement isy, =j 1< 108 sin(wtp) + Ct, = —j1.531

x 1073 (m). The time spent between the plates and the screen
is tps = 4.5455 x 109 s. The vertica deflection at the screen is

Ys = yp + Vyptp.r = _13j (mm)

Problem 1450 An astronaut wants to travel from a y

space station to a satellites S that needs repair. She %
departs the space station at O. A spring-loaded launch- |
ing device gives her maneuvering unit an initial velocity
of 1 m/s (relative to the space station) in the y direction.
At that instant, the position of the satelliteisx = 70 m,
y=50m, z=0, and it is drifting a 2 m/s (relative to
the station) in the x direction. The astronaut intercepts
the satellite by applying a constant thrust parallel to the
x axis. The total mass of the astronaut and her maneu-
vering unit is 300 kg. (a) How long does it take the
astronaut to reach the satellite? (b) What is the magni-
tude of the thrust she must apply to make the intercept?
(c) What is the astronaut’ s velocity relative to the satel-
lite when she reaches it?

Solution: The path of the satellite relative to the space station is
xg(t) = 2t + 70 m, ys(¢#) =50 m. From Newton’'s second law, T =
may, 0= may. Integrate to obtain the path of the astronaut, using
the initial conditions v, =0, v, =1m/s, x =0, y=0. y,(t) =1,

T
xq(t) = ﬂtz. (a8 When the astronaut intercepts the x path of the
satellite, v, (fin) = vs (fint), from which . (b) The inter-
cept of the y-axis path occurs when x, (fint) = x5 (fint), from which

Z—ziﬁt = 2tiry + 70, from which
m

T = (2m) <M> — 2(300) <ﬂ> — 408 N.

2 2500

int

(c) The velocity of the astronaut relative to the space station is v =
i (—) tint +] = 6.8i +j. The velocity of the satellite relative to the
m

space station is vy = 2i. The velocity of the astronaut relative to the
Vass =1(6.8—2) 4+ =4.8i 4+ (m/s)

satellite is
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Problem 14.51 What is the acceleration of the 8-kg
collar A relative to the smooth bar?

Solution: For brevity, denote 6 = 20°, o =45°, F =200 N,
m = 8 kg. The force exerted by the rope on the collar is F,,p. =
200(i sin® + j cost) = 68.4i 4+ 187.9j (N). The force due to gravity is
F, = —gmj = —78.5) N. The unit vector parallel to the bar, positive
upward, is ep = —icosa + j Sina. The sum of the forces acting to
movethecollaris)  F = F, = e - Frope + € - Fg = |Fropel SiN(a —
0) — gmsina = 29.03 N. The collar tends to slide up the bar since
F. > 0. From Newton's second law, the acceleration is

F,
a= =< =363ms.

m

Problem 14.52 InProblem 14.51, determine the accel-
eration of the 8-kg collar A relative to the bar if the
coefficient of kinetic friction between the collar and the
bar is u, = 0.1.

Solution:  Usethe solution to Problem 14.51. F, = |F,pe| Sin(e —
0) — gmsinae =29.03 N. The normal force is perpendicular to
the bar, with the unit vector ey =isina +jcosa. The normal
forceis N = ey - Frope + v - Fy = |Frope| COS(a — ) — gm cOsa =
125.77 N. The collar tends to slide up the bar since F. > 0. The
friction force opposes the motion, so that the sum of the forces on the
collar is > F = F, — ux N = 16.45 N. From Newton's second law,

= %45 =2.06 m/s?

the acceleration of the collar is| a up the bar.

Problem 14.53 Theforce F = 50 N. What is the mag-
nitude of the acceleration of the 20-N collar A along the
smooth bar at the instant shown?

Solution: The force in the rope is
(5-2)i+@B-2j+(0-2k
V(5-22+3-22+(0-272

The force of gravity is Fgray = —(20 N)j

Frope = (50 N)

The unit vector along the bar is
_ (2-2i+@2-0j+2-49k
V(@2-22+2-02+ (24?2
The component of the total force along the bar is

Foar = Feepgr = 142 N

Thus 14.2N=< 20N )a:>a=6.96m/82

9.81 m/s?
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Problem 14.54* In Problem 14.53, determine the
magnitude of the acceleration of the 20-N collar A along
the bar at the instant shown if the coefficient of static
friction between the collar and the bar is ux = 0.2.

Solution: Use the results from Problem 14.53.

The magnitude of the total force exerted on the bar is
F = |Frope + Fgrav| =486 N

The normal forceis N = \/172—7]?1)3,2 =465N

The total force along the bar is now Fyyr — 0.2N = 4.90 N

Thus |490 N = (ﬂ> a=a=2.4m
9.81 m/s?
Problem 14.55 The 6-kg collar startsfrom rest at posi- y

tion A, where the coordinates of its center of mass are
(400, 200, 200) mm, and slides up the smooth bar to
position B, where the coordinates of its center of mass
are (500, 400, 0) mm under the action of a constant force
F = —40i + 70j — 40k (N). How long doesiit take to go B
from A to B?

Strategy: Thereare several waysto work this problem.
One of the most straightforward ways is to note that the A
motion is along the straight line from A to B and that
only the force components parallel to line AB cause X
acceleration. Thus, a good plan would be to find a unit

vector from A toward B and to project all of the forces

acting on the collar onto line AB. The resulting constant F

force (tangent to the path), will cause the acceleration of z

the collar. We then only need to find the distance from

A to B to be able to analyze the motion of the collar.

Solution: The unit vector from A toward B is eq = & = 0.333i
+ 0.667] — 0.667k and the distance from A to B is 0.3 m. The free
body diagram of the collar is shown at the right. There are three forces
acting on the collar. These are the applied force F, the weight force
W = —mgj = —58.86] (N), and the force N which acts norma to
the smooth bar. Note that N, by its definition, will have no component
tangent to the bar. Thus, we need only consider F and W when finding
force components tangent to the bar. Also note that N is the force that
the bar exerts on the collar to keep it in line with the bar. This will be
important in the next problem.

The equation of motion for the collar is) " Fy 5 = F+ W + N = ma.
In the direction tangent to the bar, the equation is (F + W)-e4p = ma;.

The projection of (F+ W) onto line AB yields a force aong AB
which is |F4p| = 20.76 N. The acceleration of the 6-kg collar caused
by this force is ¢, = 3.46 m/s>. We now only need to know how long
it takes the collar to move a distance of 0.3 m, starting from rest,
with this acceleration. The kinematic equations are v, = a,¢, and s, =
a;1?/2. We set s, = 0.3 m and solve for the time. The time required
ist =0.416 s
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Problem 14.56* In Problem 14.55, how long does the
collar take to go from A to B if the coefficient of kinetic
friction between the collar and the bar is u, = 0.2?

Strategy: This problem is almost the same as prob-
lem 14.55. The mgor difference is that now we must
calculate the magnitude of the normal force, N, and then
must add aterm 1, |N| to the forces tangent to the bar (in
the direction from B toward A — opposing the motion).
This will give us a new acceleration, which will result
in a longer time for the collar to go from A to B.

Solution: We use the unit vector e4p from Problem 14.55. The
free body diagram for the collar is shown at the right. There are four
forces acting on the collar. These are the applied force F, the weight
force W = —mgj = —58.86 ] (N), the force N which acts normal to
the smooth bar, and the friction force f = —u|N|eap. The normal
force must be equal and opposite to the components of the forces F
and W which are perpendicular (not parallel) to AB. The friction force
is parallel to AB. The magnitude of |F + W/| is calculate by adding
these two known forces and then finding the magnitude of the sum.
The result isthat |F + W| = 57.66 N. From Problem 14.55, we know
that the component of |F + W/| tangent to the bar is |F4p| = 20.76 N.
Hence, knowing the total force and its component tangent to the bar, we
can find the magnitude of its component normal to the bar. Thus, the
magnitude of the component of |F + W/| normal to the bar is 53.79 N.
This is aso the magnitude of the normal force N. The equation of
motion for the collar is ) F.y 4 = F4+W + N — 1 |Njegp = ma
In the direction tangent to the bar, the equation is (F + W) - esp —
ukIN| = ma,.

W=-mgJ

4
/Z/JKN
N

k¥

The force tangent to the bar is Fip = (F+ W) eap — ux|N|
= 10.00 N. The acceleration of the 6-kg collar caused by this force
isa, = 1.667 m/s>. We now only need to know how long it takes the
collar to move a distance of 0.3 m, starting from rest, with this accel-
eration. The kinematic equations are v, = a1, and s; = a;1%/2. We set
s; = 0.3 m and solve for the time. The time required isr = 0.600 s

Problem 14.57 The crateisdrawn acrossthefloor by a
winch that retracts the cable at a constant rate of 0.2 m/s.
The crate' smassis 120 kg, and the coefficient of kinetic
friction between the crate and the floor is u, = 0.24.
(a) At theinstant shown, what isthe tension in the cable?
(b) Obtain a “quasi-static” solution for the tension in the
cable by ignoring the crate’'s acceleration. Compare this
solution with your result in (a).

Solution:
db dL d?b db
Notethat b2 + (2)2 = L2, sob— = L— and b—
@ +@ dt dt dr? + dr
_ %L L (9t
dr? dr )
Settingb = 4 m, dL/dt = —0.2 m/sand d2L /dt? = 0, weobtain

d?b/dt? = —0.0025 m/s?. The crate's acceleration toward the
right is a = 0.0025 m/s.

From the free-body diagram,
Tsna+N-—-mg=0, 1)
T cosa — uxN = ma, (2)

where a = arctan(2/4) = 26.6°. Solving Egs (1) and (2), we
obtain 7 = 282.3 N.

(b) Solving Egs (1) and (2) with @ = 0, we obtain T = 282.0 N.

2m

“kN TN
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d
Problem 14.58 If y = 100 mm, d—f — 600 mm/s, and
d? . .
d_ti = —200 mm/s?, what horizontal force is exerted on
the 0.4 kg dider A by the smooth circular slot?
A
[

Solution: The horizontal displacement is x2 = R? — y2. Differ-

entiate twice with respect to time: dx dy (dx\? + &’
X ==Y —, | — X—F =
s dt Yar \ar dr?

dy\? d?y L d% 1\ (/y\2
—(—=) —-y|(—==), from which. — =—|( - = 1
(dr) y(dﬂ) e e (x>(<x) " >
dy 2 yy\ d?y . d?x

ton's second law, | Fj, = ma, = —1.361(0.4) = —0.544 N |

Problem 14.59 The 1-kg collar P dlideson the vertical
bar and has a pin that dlides in the curved slot. The
vertical bar moves with constant velocity v = 2 m/s. The
y axisis vertical. What are the x and y components of
the total force exerted on the collar by the vertical bar
and the slotted bar when x = 0.25 m?

Solution: \ 1m
d
Vy = @ 2 m/s, constant
dt mg
A d%x
=T e F,
e
y = 0.2sin(rx)
dx
, = 0.27 cof —
vy T COS(7T X) 7 Fy

d%x
2

dx)\2
ay = —0.272sin(rx) (d—:) +0.27 Cos(nx)F

when x = 0.25 m,

a, =0

a, = —0.2r2sn () @2 mis
ay = —5.58 m/s?

Y Fe: Fo=m(0)

ZR Fy —mg = may

Solving, Fy =0, Fy, =4.23 N
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Problem 14.60* The 1360-kg car travels along a
straight road of increasing grade whose vertical profile
is given by the equation shown. The magnitude of the
car’s velocity is a constant 100 km/h. When x = 200 m,
what are the x and y components of the total force acting
on the car (including its weight)?

Strategy: You know that the tangential component of
the car's acceleration is zero. You can use this condi-
tion together with the equation for the profile of the
road to determine the x and y components of the car’'s
acceleration.

Solution:

2 2
@1 v= (‘;_j) + (%) = 100 km/h = 27.78 m/s, const.

(2) y = 0.0003x2

dy dx

d?y dx\? d?x
4 = 0.0006 ( — 0.0006x —
@ dt? <dt ) + " dr2

y

The component of acceleration parallel to the path is zero. a, % %{,
dy Fo \
tand = ﬁ — 0.0006 x & )a;/,,..u.;,\
At x =200 m, 6 = 0.1194 rad
0 =6.84°

(5 aycosf +aysing =0

Solving egns (1) through (5) simultaneously, we get Z Fy: Fy=may

ay = —0.054 M/, v, =27.6 m/s > Fy: Fy=ma,

ay = 0450 m/s?, vy, =3.3lm/s Solving, F, =-734N

m = 1360 kg Fy, =612 N
Problem 14.61* The two 445 N blocks are released Solution: The relative motion of the blocks is constrained by the

from rest. Determine the magnitudes of their accelera-
tions if friction at al contacting surfaces is negligible.

Strategy: Use the fact the components of the
accelerations of the blocks perpendicular to their mutual
interface must be equal.

surface separating the blocks. The equation of the line separating
the blocks is y = xtan70°, where y is positive upward and x is
positive to the right. A positive displacement of block A results in
a negative displacement of B (as contact is maintained) from which

d2s, d?%sp
= - tan70°. Thus (1
dr? dr? @

sa = —sp tan70°, and from which
ap, = —ag tan 70°.

From Newton's second law: for block A, (2) > Fy,=-W+

P cos70° = may, for block B, (3) Y. F,= Psin70° = mag,
w
from which a4 = —— + —*2_ . Use (1) to obtain ay =
p m tan 70° “
- —° = _8.66m/s? and L 3.15m/<?,
1+ cot2 70° a8 tan 70°

where a, is positive upward and ap is positive to the right.

A

(© 2008 Pearson Education South Asia PteLtd. All rightsreserved. Thispublication isprotected by Copyright and permission should be obtained fromthe publisher prior
to any prohibited reproduction, storage in aretrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording or likewise.

135



Problem 14.62* The two 445 N blocks are released
from rest. The coefficient of kinetic friction between all
contacting surfaces is ux = 0.1. How long does it take
block A to fal 0.305 m?

Solution: Usetheresults of the solution to Problem 14.61. Denote
by O the normal force at the wall, and by P the normal force at the

contacting surface, and R the normal force exerted by the floor on fq
block B. For a4 positive upward and ap positive to the right, (1)

as = —aptan70° so long as contact is maintained. From Newton’s e P
second law for block A, (2) Y. F, = Q — Psin70° + f cos70° = 0, ‘\
(B > Fy=—W+ fo+ fcos70° + P cos70° = may,. For block B:
(4) Y F. = Psn70° — fcos70° — fr =magp, (5) Y Fy=—-W+
R — Pcos70° — fsin70° = 0. In addition: (6) f = P, (7) fr =
ukR, (8) f; = i Q. Solve these eight equations by iteration: ay =
—753 M/, ag=2.74 m/s? Check: (1) The effect of friction should
reduce the downward acceleration of A in Problem 3.61, and (2) for
ux = 0, this should reduce to the solution to Problem 14.61. check.

The displacement is y = %‘tz m, from which, for y = —0.305 m,

2
t= [——=10284s
aa

Problem 14.63 The 3000-N vehicle hasleft the ground
after driving over arise. At the instant shown, it is mov-
ing horizontally at 30 km/h and the bottoms of its tires
are 610 mm above the (approximately) level ground. The
earth-fixed coordinate system is placed with its origin
762 mm above the ground, at the height of the vehicle's
center of mass when the tires first contact the ground
(Assume that the vehicle remains horizontal ) When that
occurs, the vehicle's center of mass initially continues
moving downward and then rebounds upward due to the Y
flexure of the suspension system. While the tires are in
contact with the ground, the force exerted on them by

the ground is —2400i — 18000yj (N), where y isthe ver-

tical position of the center of mass in metre. When the
vehicle rebounds what is the vertical component of the
velocity, of the center of mass at the instant the wheels

leave the ground? (The wheels leave the ground when

the center of massisat y = 0.)

762 mm

610 mm

Solution: This analysis follows that of Example 14.3. The
equation for velocity used to determine how far down the vehicle
compresses its springs also applies as the vehicle rebounds. From
Example 14.3, we know that the vehicle comes to rest with vy =0
and y = 0.305 m. Followin% the Example, the velocity on the rebound
isgiven by [o" vy dvy = 505 9-81(0.305— 15y) dy. Evaluation, we
get vy = 3.44 m/s. (+y is down). Note that the vertical velocity com-
ponent on rebound is the negative of the vertical velocity of impact.
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Problem 14.64* A steel spherein atank of oil isgiven y
an initial velocity v = 2i (m/s) at the origin of the coor-
dinate system shown. The radius of the sphereis 15 mm.
The density of the steel is 8000 kg/m?® and the density
of the oil is 980 kg/m®. If V is the sphere’s volume,
the (upward) buoyancy force on the sphere is equal to
the weight of a volume V of oil. The magnitude of the
hydrodynamic drag force D on the sphere as it fals
is [D| = 1.6|v| N, where |v| is the magnitude of the
sphere’s velocity in m/s. What are the x and y com-
ponents of the sphere’s velocity at r = 0.1 s?

Solution:

B = poil Vg

W = psreeL Vg

V= gnrs

> Fye: mx% =—d, = —16v,

dvy,
> Fy: msd—t):B—W—d),

dvy
ms T; = (poil — psteeL) Vg — L6vy Integrating, we get

Rewriting the equations, we get

t

1 !
>IN+ bvy)lg’

dvy 16
Sr G 16,
’ dt mg In<a+bvy> = bt
a
Ux du, 16 [!
/ U_Y:_m_ di a + bv, = ae’
Vxo x s JO y
16 a
In(woly, = —m—t|6 vy = Z(ebr -
s

Substituting numerical values for aand b, and settingr = 0.1 s

Uy = vUgpe Mt

v, = —0.461 m/s
Substituting, we have m; = 0.114 kg

Vo =2M/s. Atr =0.1s,
v, = 0.486 m/s

. dvy  (poit — psteeL)V, 1.6
YR L= PR T,
dt mg mg -

Let a = (poil — psteeL) Vg/m, = —8.608

b= —LG = —14.147

mg

dvy
dt

vy d t
b he
o a-+ bvy 0

=a+bvy
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Problem 14.65* In Problem 14.64, what are the x and
y coordinates of the sphere at + = 0.1 s?

. . d
Solution: From the solution to Problem 14.64, d—f:vxz

16

Vgl s "= Uype? where vy, = 2 m/s and m, = 0.114 kg.

d
Also, td =Vy = g(eb[

-1
dt ’ b )

where a = (poil — psteeL) Vg/m = —8.608
pe—28 14147

Integrating the v, and v, egns, noting that x =0,y =0, a 7 =0, Solving at r = 0.1s,

we get x = 0.1070 m = 107.0 mm

Uxo
x= (7) o y=-00283 m=—283mm

_a b a
y_b—z(el—l)—zt

Problem 14.66 The boat in Active Example 14.5
weighs 1200 N with its passengers. Suppose that the
boat is moving at a constant speed of 20 m/s in a circu-
lar path with radius R = 40 m. Determine the tangential
and normal components of force acting on the boat.

Solution:  Since the speed is constant, the tangential acceleration
is zero. We have

F, =ma; =0,

2 1200 N \ (2 2
Fp = may = ”:( 0 )w:u%w

"R “\osime) 20m

F,:O,F,,=1223N.|
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Problem 14.67 In preliminary design studiesfor a sun-
powered car, it is estimated that the mass of the car
and driver will be 100 kg and the torque produced by
the engine will result in a 60-N tangential force on the
car. Suppose that the car starts from rest on the track at

/
50 m

A and is subjected to a constant 60-N tangentia force.
200 m

Y

Determine the magnitude of the car's velocity and the
normal component of force on the car when it reaches B.

Solution: We first find the tangential acceleration and use that to
find the velocity at B.

F, = ma, = 60 N = (100 kg) ¢; = a; = 0.6 m/s,

dv v s v2
a,:v—:>/ vdv:/ a;ds = — = ays,
ds 0 0 2

vg = /2arsg = \/2(0.6 m/s?) (zoo m+ %[50 m]) — 183 mis

The normal component of the force is

(18.3 m/s)?

= 668 N.
50 m

U2
F, = ma, = mE = (100 kg)

vp =183 m/s, F, =668 N.

Problem 14.68 In a test of a sun-powered car, the
mass of the car and driver is 100 kg. The car starts
from rest on the track at A, moving toward the right.
The tangential force exerted on the car (in newtons) is
given as a function of time by X F, = 20 + 1.2¢. Deter-

/
50 m

mine the magnitude of the car’s velocity and the normal

>

component of forceonthecar att =40 s. 200 m

Solution: We first find the tangential acceleration and use that to
find the velocity v and distance s as functions of time.

X F, = (20+ 1.2/)N = (100 kg) &,

d
a = =2 = 0240012
dr

v = 0.2r + 0.006¢2

s = 0.1/% + 0.002°
Att=40s wehavev =176 m/s, s = 288 m.

For this distance the car will be on the curved part of the track. The
normal component of the force is

(17.6 m/s)?

=620 N.
50 m

v2
F, = ma, = mE = (100 kg)

vpg =17.6m/s, F, =620 N.
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Problem 14.69 An astronaut candidate with a mass of
72 kg istested in a centrifuge with aradius of 10 m. The
centrifuge rotates in the horizontal plane. It starts from
rest at timer = 0 and has a constant angular acceleration
of 0.2 rad/s?. Determine the magnitude of the horizontal
force exerted on him by the centrifuge (a) at r = 0; (b) at
t=10s.

Solution:
a; = ra = (10 m) (0.2 rad/s?) = 2 m/s?

The accelerations are

ap = ro? = r(at)? = (10 m) (0.2 rad/s?)?1? = (0.4 m/s*)r?

@
Atr =0

F, = ma, = (72 kg)(2 m/s?) = 144 N, F, = ma, =0
F=,/F?+F2=144N.

Att=10s

(b)

F, = ma, = (72 kg)(2 m/$) = 144 N,

F, = ma, = (72 kg)(0.4 m/s*) (10 s)° = 2880 N

F=,/F?+ F2=28380 N.

|(a) F=144N, (b) F =2880N.

JSN/N/N/N/R
|

10 m |

Problem 14.70 The circular disk lies in the horizon-
tal plane. At the instant shown, the disk rotates with
a counterclockwise angular velocity of 4 rad/s and a
counterclockwise angular acceleration of 2 rad/s>. The
0.5-kg dlider A is supported horizontally by the smooth
slot and the string attached at B. Determine the tension
in the string and the magnitude of the horizontal force
exerted on the dlider by the dot.

Solution:

w =4 rad/s

o = 2 rad/s?
R=06m

m = 0.5 kg

Y Fa: T =mRe?
Y R: F=mRa

Solving, T =48 N, F =0.6 N

2rad/s|| 4radls

S— 3
P M m”j '
T |

0.2 rad/s?
/
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Problem 14.71 The circular disk lies in the horizontal
plane and rotates with a constant counterclockwise angu-
lar velocity of 4 rad/s. The 0.5-kg dlider A is supported
horizontally by the smooth slot and the string attached at
B. Determine the tension in the string and the magnitude
of the horizonta force exerted on the dlider by the dot.

4radls
Solution: )
R=06m
w =4 radls
m = 0.5 kg
a=0

Z Fn: N cos45° + T sind5° = mRaw?

Z F: —Nsind5 + T cos45° = mRa =0

Solving, N =T =3.39N

Problem 14.72 The 142 kN airplane is flying in the
vertical plane at 128 m/s. At the instant shown the angle
0 = 30° and the cartesian components of the plane's
acceleration are a, = —1.83 m/s?, a, = 9.1 m/s>.

(@ What are the tangential and normal components
of the total force acting on the airplane (including
its weight)?

(b) What is d6/dt in degrees per second?

Solution:
142000 N
= ==/ (-1.83i + 9.1)) m/s? = (—26523i + 132613j) N
(9.81 m/s2> ( D ( )
@ F, = F - (cos30°i 4+ sin30°j) = 43324 N
F, = F.(—sin30°i 4 cos30°)) = 128102 N
b
®) ap = _12812N 8.83 m/s?
(142000 N)/9.81 m/s®
2 2 2
P) a,  (8.83misd)
. . 128mis 180 .
v=pl=|0=oeo = 00690 rad/s<m> =3.95°/s

(© 2008 Pearson Education South Asia PteLtd. All rightsreserved. Thispublication isprotected by Copyright and permission should beobtained fromthe publisher prior
to any prohibited reproduction, storagein aretrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording or likewise.

141




Problem 14.73 Consider aperson with amass of 72 kg
who is in the space station described in Example 14.7.
When he is in the occupied outer ring, his simulated
weight in newtonsis (72 kg)(9.81 m/s?) = 353 N. Sup-
pose that he climbs to a position in one of the radia
tunnels that leads to the center of the station. Let r be
his distance in meters from the center of the station.
(a) Determine his simulated weight in his new position
in terms of r. (b) What would his simulated weight be
when he reaches the center of the station?

Solution: The distance to the outer ring is 100 m.

(@) At adistance r the weight would be W = m(353 N) =
(3.53 N/myr

W = (3.53 NIm)r.

(b) Atthecenter,r =0

Problem 14.74 Small parts on a conveyor belt moving

with constant velocity v are allowed to drop into a bin. 9

Show that the angle 6 at which the parts start sliding i\
1 2 e

on the belt satisfies the equation cos§ — — sinf = U—R

Ms 8
where ., is the coefficient of static friction between the

parts and the belt. .
v
Solution: The condition for slidingisY" /it = —mgsing + f =0,
where —mg sind is the component of weight acting tangentially to f
the belt, and f = u, N is the friction force tangentia to the belt.
From Newton's second law the force perpendicular to the belt is N —
2

mg cost = —m%, from which the condition for dip is —mg sing +

v2 1 . v? N/' &
JLsmg COSO — s = 0. Solve: cosd — ; snf = g_R W
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Problem 14.75 The 1-kg mass m rotates around the
vertical polein a horizontal circular path. The angle e =
30° and the length of the string isL = 1.22 m. What is
the magnitude of the velocity of the mass?

Strategy: Notice that the vertical acceleration of the
mass is zero. Draw the free-body diagram of the mass
and write Newton's second law in terms of tangential
and normal components.

Solution: T

> Fy:Tcos30" —mg=0

U2 U2
Y Fp:iTsn30 =m—=m——01n
P L sin30°
Solving we have
mg

_ 2 — : o o
= %8307 v g(Lsin30")tan30

=1.86 m/s

(9.81 m/s?)(1.22 m) sin?30°
V=
cos30°

Problem 14.76 In Problem 14.75, determine the mag-
nitude of the velocity of the mass and the angle 6 if the
tension in the string is 50 N.

Solution:

—

Y Fy:Tcost —mg=0

02
Y F TS0 =m——
Lsné
(T2 —m?)L
Tm

Solving we find 6 = cos™1 (%) ,v=

Using the problem numbers we have mg

1 kg 9.81 m/s?
§ = cos! (gsons> — 78.68°

=7.66 m/s

_[[(50 N)? — (1 kg 9.81 m/s?)?]1.22 m
v (50 N)(L kg)
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Problem 14.77 The 10-kg mass m rotates around the
vertical pole in a horizontal circular path of radius R =
1 m. If the magnitude of the velocity is v = 3 m/s, what
are the tensions in the strings A and B?

Solution: Choose a Cartesian coordinate system in the vertical
plane that rotates with the mass. The weight of the mass is W =
—jmg = —]j98.1 N. The radia acceleration is by definition directed Ta
inward: Tg

a, = —i % = —0i m/$. The angles from the horizontal are 64 =

90° + 35° = 125°, 95 = 90° + 55° = 145°. The unit vectors para-
lel to the strings, from the pole to the mass, are: e4 = +icosf +
jsin@a. eg = +icoshp +jsindg. From Newton's second law for
the mass, T —W =ma,, from which |T4les + |Tglep —jmg = ‘ )

- mg

2
—i m%) Separate components to obtain the two simultane-
ous equations: |T4|c0s125° + |Tp|c0s145° = —90 N|T 4|sin55° +

|Tp|sin35° = 98.1 N. Solve:

||TA|:84N.| |\TB\:51N|

Problem 14.78 The 10-kg mass m rotates around the
vertical pole in a horizontal circular path of radius R =
1 m. For what range of values of the velocity v of the
mass will the mass remain in the circular path described?

Solution: The minimum value of v will occur when the string
B is impending zero, and the maximum will occur when string A is
impending zero. From the solution to Problem 14.77,

2
T4l C0S125° + |T 5| c0s145° = —m (%) ,

|Ta|SIN125° + |T | Sin145° = mg.

These equations are to be solved for the velocity when one of the
string tensions is set equal to zero. For [T4| = 0, v = 3.743 m/s. For

[Tpl =0, v=2.621 m/s. The range: [ 2.62 < v < 3.74 m/s
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Problem 14.79 Suppose you are designing a monorail
transportation system that will travel at 50 m/s, and you
decide that the angle 6 that the cars swing out from the
vertical when they go through a turn must not be larger
than 20°. If the turns in the track consist of circular arcs
of constant radius R, what is the minimum allowable
value of R? (See Active Example 14.6)

Solution: The equations of motion are

XFy:Tcosh —mg=0

02

XF,:TsSnl =ma, = m;
Solving we have

o (50 m/s)?
T gtand — (9.81 m/s) tan 20°

=700 m

mg

Problem 14.80 An airplane of weight W = 890 kN
makes a turn at constant altitude and at constant velocity
v = 183 m/s. The bank angle is 15°. (a) Determine the
lift force L. (b) What is the radius of curvature of the
plane’s path?

Solution: TheweightisW = —jW = —j(890x 103 N. Thenor-
2

ma acceleration is a, =i <”—) The lift is L = |L|(i cos105° +
o

jsin105°) = |L |(—0.2588i + 0.9659)).

(@ From Newton's second law, > F=L +W,=ma,, from

which, substituting values and separating the j components:

_ 890x 103
~ 09659

IL(0.9659) = 890 x 10%, | || = 921420 N

(b) The radius of curvature is obtained from Newton's law:

2
IL|(~0.2588) = —m <”—) from which
p

w v2
=|— —— | = 12729.6 m.
’ <g><|L|(o.2588>> m

15°
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Problem 14.81 The suspended 2-kg mass m is sta-
tionary.

(@) What are the tensions in the strings A and B?

(b) If string A is cut, what is the tension in string B
immediately afterward?

Solution:
(@ Y Fr=Tpcosds” — T, =0,
ZFy =TpsSin45° —mg =0.

Solving yields T4 = 19.6 N, T = 27.7 N.

(b) Use Normal and tangential components.

ZFn:man:

02
Tp —mg cosd5’ =m—.
P

But v = 0 at the instant of release, so

T = mg cos45’ = 13.9 N.

y
Tg
- /15
W o & )
_/
1 mg

Problem 14.82 The airplane flies with constant veloc-
ity v aong a circular path in the vertica plane. The
radius of the airplane’s circular path is 2000 m. The
mass of the pilot is 72 kg.

(@ The pilot will experience “weightlessness’ at the
top of the circular path if the airplane exerts no
net force on him at that point. Draw a free-body
diagram of the pilot and use Newton’s second law
to determine the velocity v necessary to achieve
this condition.

(b) Suppose that you don't want the force exerted
on the pilot by the airplane to exceed four times
his weight. If he performs this maneuver at v =
200 m/s, what is the minimum acceptable radius
of the circular path?

Solution: The FBD assumes that the seat pushes up on the pilot.
If the seat (or shoulder straps) pushes down, we will us a negative
sign for N.

2
Dynamics: E Fy:N-—mg = —m
0

@ |N=0=v=gp=+(9.81 m/s%)(2000 m) = 140 m/s

(b) The force will push down on the pilot

v2 2
N=—-4mg= -5Smg=-m— = p=—
0

2 [r=sen]
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Problem 14.83 The smooth circular bar rotates with
constant angular velocity wg about the vertical axis AB.
The radius R = 0.5 m. The mass m remains stationary
relative to the circular bar at 8 = 40°. Determine wg.

Solution:
> Fy:Ncosd0’ —mg =0

o 2 R sin40° wp)?
Y F.:Nsin40 —mL = (.7600)
0 R sin40°

Solving we find

N M &
cos40°’ R cos40°
[ 9.81 m/s?
= =,/———— =5.06 rad/s
@0 0.5 mcos40°

°
7

N
I
I
I
I
I
I

Problem 14.84 The force exerted on acharged particle
by a magnetic field is F = gv x B, where g and v are
the charge and velocity of the particle, and B is the
magnetic field vector. A particle of mass m and positive
charge q is projected at O with velocity v = vgi into
a uniform magnetic field B = Bok. Using normal and
tangential components, show that (a) the magnitude of
the particle's velocity is constant and (b) the particle's

. . . 1Y
path is a circle of radius m—
qBo

\' )|
<

Solution: (a) Theforce F = ¢(v x B) is everywhere normal to the
velocity and the magnetic field vector on the particle path. Therefore
the tangential component of the force is zero, hence from Newton's

. . d
second law the tangential component of the acceleration l—l: =0, from
[

which , and the velocity is a constant. Since there is
no component of force in the z-direction, and no initial z-component
of the velocity, the motion remains in the x-y plane. The unit vec-
tor k is positive out of the paper in the figure; by application of the
right hand rule the cross product v x B is directed along a unit vector
toward the instantaneous center of the path at every instant, from which
F = —|F|en, where &, is a unit vector normal to the path. The nor-
mal component of the acceleration isa, = —(vé/p)en, where p isthe
radius of curvature of the path. From Newton's second law, F = may,
from which —|F| = —m(vg/p). The magnitude of the cross product
can be written as |V x B| = vgBp Sin6 = v Bo, sinzce 0 = 90° is the

angle between v and B. From which: gvpBg = mm, from which the
o

muvg
o=

= ——|. Since the term on the right is a
qBo

radius of curvature is

constant, the radius of curvature is a constant, and the path is a circle

with radius m—vo.
qBo
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Problem 14.85 The mass mis attached to a string that L
iswrapped around afixed post of radius R. At = 0, the
object is given a velocity vg as shown. Neglect external

m
forces on m other that the force exerted by the string. O
Determine the tension in the string as a function of the
angle 6. R
Strategy: The velocity vector of the mass is perpen- Y%

dicular to the string. Express Newton’s second law in

terms of normal and tangential components. %

Solution: Make a hypothetical cut in the string and denote the
tension in the part connected to the mass by T. The acceleration normal 0
p: y ,__Jg__\ m

2 -——a
tothepathis Y Theinstantaneous radius of the pathisp = Lo — RO, O\;ea
P
i ’
v

from which by Newton’s second law, > Fn =T = mTORQ' from @ ()

0

2
Yo

Lo— RO

which| 7 =m

Problem 14.86 The mass m is attached to a string
that is wrapped around the fixed post of radius R. At
t = 0, the massis given avelocity vg as shown. Neglect
external forces on m other than the force exerted by the
string. Determine the angle 6 as a function of time.

Solution: Use the solution to Problem 14.85. The angular

.. do
velocity is o= E. From Problem 14.85, p = Lo — RO, from
o
do vo

which — = ————.
dr — (Lo— RO)

Integrate: Lof — 562 = vot, since H(0) = 0. In canonical form 62 +

Separate variables. (Lo — RO)dO = vodt.

L 2vot
2b0 + ¢ = 0, where b = % and ¢ = %.Thesolution: 0=—-b+

2
L L 2uot . I
Vb2 — ¢ = 70 + (70) - %. The angle increases with time,

L 2Rvot
so the negative sign applies. Reduce: | 6 = =0 <1 1- 250 )

Check: When RO = Lo, the string has been fully wrapped around the

. . 2Rvot . . 2Rvot
post. Substitute to obtain: /1 — LZO = 0, from which LZO =1,
0 0

which is the value for impending failure as t increases because of the
imaginary square root. Thus the solution behaves as expected. check.
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Problem 14.87 The sum of the forces in newtons
exerted on the 360-kg sport plane (including its weight)
during an interva of time is (—1000 + 280¢)i + (480 — y
430¢)j + (720 + 200¢)k, where t is the time in seconds.
At ¢+ = 0, the velocity of the plane's center of gravity
is 20i + 35] — 20k (m/s). If you resolve the sum of the
forces on the plane into components tangent and normal
to the plane's path at t = 2 s, what are their values of

ZFt and ZFH?

Solution: This problem has several steps. First, we must write
Newton's second law and find the acceleration of the aircraft. We
then integrate the components of the acceleration (separately) to find
the velocity components as functions of time. Then we evaluate
the velocity of the aircraft and the force acting on the aircraft at
t = 2s. Next, we find a unit vector along the velocity vector of the
aircraft and project the total force acting on the aircraft onto this
direction. Finaly, we find the magnitude of the total force acting on
the aircraft and the force component normal to the direction of flight.
We have ay = (1/m)(—1000 + 280¢), ay = (1/m)(480 — 430¢), and
az = (1/m)(720 + 200¢). Integrating and inserting the known initial
velocities, we obtain the relations vy = vxo + (1/m)(—1000r +
28012/2) (m/s) = 20 + (1/m)(—1000r + 140r2) (m/s), vy =35+
(1/m)(480r — 215¢?) (m/s), and vz = —20+ (1/m)(720f + 100¢2)
(m/s). The velocity at r = 25 isv = 16i + 35.3] — 14.9k (m/s) and the
unit vector parallel to v is g, = 0.386i + 0.850] — 0.359%. The total
force acting on the aircraft at t = 25 isF = —440i — 380j + 1120k N.
The component of F tangent to the direction of flight is ) F =
Fe.e, = —894.5 N. The magnitude of the total force acting on the
arcraft is |F| = 1261.9 N. The component of F normal to the direction

of flight is given by >~ Fn = /|F|2 — (O_ F1)2 = 890.1 N.

Problem 14.88 In Problem 14.87, what is the instanta-
neous radius of curvature of the plane’spath at t = 2 s?
The vector components of the sum of the forces in the
directions tangenial and normal to the path lie in the
osculating plane. Determine the components of a unit
vector perpendicular to the osculating planeat r = 2 s.

Strategy: From the solution to problem 14.87, we
know the total force vector and acceleration vector acting
on the plane. We also know the direction of the velocity
vector. From the velocity and the magnitude of the
normal acceleration, we can determine the radius of
curvature of the path. The cross product of the velocity
vector and the total force vector will give a vector
perpendicular to the plane containing the velocity vector
and the total force vector. This vector is perpendicular
to the plane of the osculating path. We need then only
find a unit vector in the direction of this vector.

Solution: From Problem 14.87, we know at ¢t =2 s, that an =
> Fn/m =247 m/s?. We can find the magnitude of the velocity |v| =
41.5 m/s at this time. The radius of curvature of the path can then be
found from p = |v|2/an = 696.5 m.

The cross product yields the desired unit vector, i.e,, e = (F x v)/|F x
v| = —0.916i + 0.308] — 0.256k
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Problem 14.89 The freeway off-ramp is circular with = =

(0] (1]
—

60-m radius (Fig. a). The off-ramp has a slope 8 = 15°
(Fig. b). If the coefficient of static friction between the
tires of a car and the road is us= 0.4, what is the
maximum speed at which it can enter the ramp without
losing traction? (See Example 14.18.)

=

Solution: mg
p=60m, g=98lms

ZFT : Ncos15® — F,sin15° — mg = 0

FI’

2 o
ZFG:Nsin15°+F,cosls°:m% —__ 1 _
F, = 0.4N
Solving we have §

Problem 14.90* The freeway off-ramp is circular with
60-m radius (Fig. a). The off-ramp hasasdlope 8 (Fig. b).
If the coefficient of static friction between the tires of
a car and the road is u; = 0.4 what minimum slope 8
is needed so that the car could (in theory) enter the off-
ramp at any speed without losing traction? (See Example
14.8.)
Solution: my
> Fy:Ncosp—F,sinf—mg=0
v2 Fr
F_:Ns F, =m—
2 Fe NS Frems = b

F =uN
Solving we have F, = Lg..
cosp — using N

If we set the denominator equal to zero, then we will always have
enough friction to prevent diding.

1 1
Thi =tan!{ =) =tanl =) =682
oo =t (2) =ar ()

We would also need to check the low-speed case, where the car might
slip down the ramp.
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Problem 14.91 A car traveling at 30 m/sis at the top
of a hill. The coefficient of kinetic friction between the
tires and the road is u;, = 0.8. The instantaneous radius
of curvature of the car’'s path is 200 m. If the driver
applies the brakes and the car’s wheels lock, what is the
resulting deceleration of the car tangent to its path?

2

Solution: From Newton's second law; N — W = —m% from w
A v? . . dv
which N =m <g — E)' The acceleration tangent to the path is o
. dv kN dv v2 f
fromwhich — = ——— and| — = — —— =4
di m ar T M (g R ) 425 mis’ N

Problem 14.92 A car traveling at 30 m/sis at the bot-
tom of a depression. The coefficient of kinetic friction
between the tires and the road is ux = 0.8. The instan-
taneous radius of curvature of the car's path is 200 m.
If the driver applies the brakes and the car’s wheel lock,
what is the resulting deceleration of the car in the direc-
tion tangentia to its path? Compare your answer to that
of Problem 14.91.

. . d
Solution: Usethe solution to Problem 14.91: d—l; =—

2
Newton's second law, N — W =m (%) from which

onlee(3)

dv
dt

2
and| & = (g + %) — _11.45 m/&
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Problem 14.93 The combined mass of the motorcy-
cle and rider is 160 kg. The motorcycle starts from rest
at + = 0 and moves along a circular track with 400-m
radius. The tangential component of acceleration as a
function of timeisa, = 2 + 0.2 m/s*. The coefficient of
static friction between the tires and the track is us = 0.8.
How long after it starts does the motorcycle reach the
limit of adhesion, which means its tires are on the verge
of dipping? How fast is the motorcycle moving when
that occurs?

Strategy: Draw afree-body diagram showing the tan-
gential and norma components of force acting on the
motorcycle.

Solution:
m = 160 kg
R =400 m

Along track motion:

a =2+ 0.2r mis

V, =V =2t +0.12 m/s
s=124+0.13/3m

Forces at impending dlip

|F +f| = wx N a impending slip

IF+fl=yF2+ fZsincef LF V2R
Force egns. &

> R:F=ma R =400m ,,_f.....* .

> Fa: f =mv?/R m = 160 kg N

> FiN-mg=0 g =9.81 m/s?

us=0.8

F2+f2:llng
a=2+02

v=2t+0.12

Six egns, six unknowns (F, f, v, a;, N, t)

Solving, we have

t=144s F=781N

v=496m/s f=983N
N =1570 N

a; = 4.88 m/s?

(atr=14.459)
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Problem 14.94 The center of mass of the 12-kg object
moves in the x—y plane. Its polar coordinates are
given as functions of time by r =12 —0.4> m, 6 =
0.02¢° rad. Determine the polar components of the total
force acting on the object at t = 2 s.

Solution:

r=12—-042, 6 =0.02:°

i =—0.8t, 6 = 0.06r2
P =-0.8, 6 =0.12¢
Sett=2s
F. =m(F — r6?) = (12 kg)(—0.8 — [10.4][0.24]) m/s?
=-168N

Fy = m(rf + 2/6) = (12 kg)([10.4][0.24] + 2[—1.6][0.24]) m/s
=207N

Problem 1495 A 445 N person waks on a large
disk that rotates with constant angular velocity wg =
0.3 rad/s. He walks at a constant speed vg = 1.52 m/s
along a straight radial line painted on the disk. Deter-
mine the polar components of the horizontal force
exerted on him when he is 1.83 m from the center of the
disk. (How are these forces exerted on him?)

Solution:
r=183m,/=152mls, ¥=0,6=03radls, 6§ =0

Fr =m@F —rf?) = ( N ) (0 —[1.83 m][0.3 rad/s]?)

9.81 m/s®
=-747N
. . 445 N
Fy = 0+ 2r0) = ———— ) (0+ 2[1.52 m/s][0.3 rad/s]
) = mri) + 20) (9_81 m/§)< [1.52 m/sl[0.3 rad/s)
=415N
The forces are exerted as friction between the disk and the

man’s feet.
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Problem 14.96 The robot is programmed so that the
0.4-kg part A describes the path

r =1—0.5cos(2rt) m,
6 =0.5—-0.2sn(2rt) rad.

Determine the radial and transverse components of the
force exerted on A by therobot's jawsat t =2 s.

Solution: The radia component of the acceleration is

_d%r do\?
=z "\ar )

The derivatives:

dr d
—=—(1-0. 2. = in2: s
'r dt( 0.5c0s2rt) = w Sin2nt
d? d .
d_t; = E(ﬂ sin2rt) = 2n2cos2rt;
do d
— = —(05-0.2sin27t) = —0.47 cos2rt.
dt dt
a0 d .
7= E(—O.47r cos2zt) = 0.872sin2x1.
From which

[a]i=2 = 272 cosdr — (1 — 0.5¢c0s4r)(—0.47 cosdn)?,
=272 —0.0872 = 18.95 m/s’;

6(t =2) =05rad.

From Newton's second law, F, —mgsing =ma,, and Fy —
mg cos6 = may, from which

| F, = 0.4a, + 0.4gsin® = 9.46 N. |

The transverse component of the acceleration is

d2% +2 dr\ (do
ag =r | — — — ),
o dr2 dt dt

from which [ag];—2 = (1 — 0.5c0847)(0.872sin4x) + 2(xr sin4r)
(=0.47 sin4x) = 0, and

Fyp =3.44N
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Problem 14.97 A 50-N object P moves aong the spi-
ral path r = (0.1)6 m,where 0 isin radians. Its angular
position is given as a function of time by 6 = 2r rad,
and r = 0 at + = 0. Determine the polar components of
the total force acting on the object at t = 4 s.
Solution:

0=2,6=26=0,r=010 =027 =02,7=0

Atr=4s56=860=20=0,r=08F7=027=0
Thus

50 N
9.81 m/s?

F, =m(i —r6?) = (

=-16.3N

> (0 — [0.8 m][2 rad/s]?)

Fy = m(rf + 270) = ( (0+ 2[0.2 m/g][2 rad/s])

9.81 m/52>

=4.08 N

)
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Problem 14.98 The smooth bar rotates in the horizon-
tal plane with constant angular velocity wg = 60 rpm. If
the radial velocity of the 1-kg collar A is v, = 10 m/s
when its radia position is r = 1 m, what is its radial
velocity when r = 2 m? (See Active Example 14.9).

Solution: Notice that no radia force acts on the collar, so the

radial acceleration is zero. Write the term
d%r _dv, _ dvy dr _dvy,
a2~ dr drar Udr
The angular velocity is

w = 60 rpm (M) (1 m|n> = 6.28 rad/s.

rev 60 s
Then

d2r 2 dzr 2
ar =7 ~IO :0:>W=rw
d2 d v 2m
ar_ v,.i =ro? = vrdv, = / w’rdr
dr? dr 10m/s im

2 2 2 2

vZ2 (10 m/s) 5 ([2m] [1m]
+L X = —(6.28 rad/s -
2 2 ( ) 2 2

v, = 14.8 m/s.

Problem 14.99 The smooth bar rotates in the horizon-
tal plane with constant angular velocity wo = 60 rpm.
The spring constant is k = 20 N/m and the unstretched
length of the spring is 3 m. If the radia velocity of the
1-kg collar A is v, = 10 m/s when its radia position is
r =1 m, what isitsradia velocity when r = 2 m? (See
Active Example 14.9.)

Solution: Notice that the only radial force comes from the spring.
Write the term

d?r _dv,  dv, dr dvy

a2 = dr T drdr Udr
The angular velocity is

® = 60 rpm <2ﬂre:/ad> <1 m|n> = 6.28 rad/s.

60 s
The equation of motion in the radial direction is

k
2Frm L —kr =ma, = ap = ——7r
m
Then
d’r 2 k :>¢12r , k&
ar = — —Trwo = ——r —=r|w° - —
"7 ar? m a2 ”

d?r dv, 2 Kk o aml, k
— =V, — = - = dv, = - — d
dt? v dr 4 (a) m /10 m/svr vr /;m @ m rar

vZ (10mig? , 20N/m7/[2m]? [1m]?

v, = 12.6 m/s.
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Problem 14.100 The2-kg massm isreleased from rest
with the string horizontal. The length of the stringis L =
0.6 m. By using Newton's second law in terms of polar
coordinates, determine the magnitude of the velocity of
the mass and the tension in the string when 6 = 45°.

Solution: T
L=06m
m = 2kg \9

P
F, = ma,
T ing = dZL L 2 i
—TI +mgsnf =m ﬁ_ w 9

mg ~

ZFg:mae A //
d &

L
mg cosd = m <2Ew + L(x)

dL  d’L
However — = — =0
W dr dr2

dw
Lo = L—w = gcos6

do
w g /4
/ wdw = —/ cosfdo
0 LJo
2
g . |t g b4
— = =sné =sn—
2 L 0 L 4
w = 4.81 rad/s

lv] = Lw = 2.89 m/s
— T +mgsing = —mLw?

T = m(gsing + Lw?)

T=416N
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Problem 14.101 The 1-N block A is given an initial

velocity vg = 14 m/sto theright when it isin the position 4m\
6 = 0, causing it to slide up the smooth circular surface. |
By using Newton's second law in terms of polar coor- 0

dinates, determine the magnitude of the velocity of the
block when 6 = 60°.

Solution:  For this problem, Newton's second law in polar coordi-
nates states

> Fr =mgcost — N = m(d?r/dt? — ro?) and

> Fp = —mgsing = m(ra + 2w(dr/d1)).

In this problem, r is constant. Thus (dr/dt) = (d?r/dt?) = 0, and the

equations reduce to N = mrw? +mgcosé and ra = —gsing. The
first equation gives us away to evaluate the normal force while the sec-

ond can be integrated to give w(8). We rewrite the second equation as

_do  dowdd  do <g>sin9
“Tar Tavar ~ “as ~ \r

. 8\ 60° .
and then integrate f;’gﬁo wdw = — (;) Jo_ sin6d6. Carrying out the
integration, we get

Yoo _ 0 _ _ (%) (—cos®)(& = — (%) (1— cos60%).

Noting that wg = vo/R = 3.5 rad/s, we can solve for wep = 2.05 rad/s
and vggp = Rwgp = 8.20 m/s.

Problem 14.102 The 1-N block is given an initia
velocity vg = 14 m/sto theright when it isin the position
6 = 0, causing it to slide up the smooth circular surface.
Determine the normal force exerted on the block by the
surface when 6 = 60°.

Solution: From the solution to Problem 14.101, we have Ngp =
mrogy +mg cos60° or N = 2.21 N.
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Problem 14.103 The skier passes point A going
17 m/s. From A to B, the radius of his circular path
is 6m. By using Newton's second law in terms of
polar coordinates, determine the magnitude of the skier’s
velocity as he leaves the jump at B. Neglect tangential
forces other than the tangential component of his weight.

45°

Solution:  Interms of the angle # shown, the transverse component
of his weight is mg cos6. Therefore

ZF@:mag: 0

0
d’9  _df do
mgcos&:m(rﬁ—i-Z% E) Q)

Note that

d*0 dw dwdf duw

a? " dr T g dr o

So (1) becomes
dw
0=r—uw.
g cos rg¥
Separating variables,
wdw = £ cos0ds. (2)
r

At A, 6 =45 and w = va/r = 17/6 = 2.83 rad/s. Integrating (2),

o

wp g 90
/ wdw = = cos6de,
2.83 T Jas°

we obtain wp = 3.00 rad/s. His velocity a B is rwp = 18.0 m/s.

vp = 18.0 m/s.
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Problem 14.104* A 2-kg mass rests on a flat horizon-
tal bar. The bar begins rotating in the vertical plane about
O with a constant angular acceleration of 1 rad/s>. The
mass is observed to dip relative to the bar when the bar
is 30° above the horizontal. What is the static coefficient
of friction between the mass and the bar? Does the mass
slip toward or away from O?

Solution: From Newton's second law for the radial component

—mgsind + usN = —mRw?, and for the normal component: N —
dw dw

mg cosé = mRa. Solve, and note that « = i w%
w? =20, since w(0) =0, to obtain —gsiné + (g cosH + Ra) =
—2R0. For a =1, R = 1, thisreduces to 4, (1 + g cosf) = —20 +
g sing. Define the quantity Fr =20 — gsing. If Fg > 0, the block
will tend to dide away from O, the friction force will oppose the
motion, and the negative sign is to be chosen. If Fr < 0, the block
will tend to slide toward O, the friction force will oppose the motion,
and the positive sign is to be chosen. The equilibrium condition
is derived from the equations of motion: sgn(Fg)us(1+ gcosd) =
20 — gsing
Hs = Sgn(FR)m
Since F, = —3.86 < 0, the block will dide toward O.

=1 = const,

(260 — gsin®), from which = 0.406 |.

-

_,,
P4

Problem 14.105* The 0.25 N dlider A is pushed along
the circular bar by the slotted bar. The circular bar liesin
the horizontal plane. The angular position of the slotted
bar is @ = 10¢° rad. Determine the polar components of
thetotal external force exerted on the dlider at r = 0.2 s.

Solution: Theinterior angle 8 is between the radius from O to the
slider A and the horizontal, as shown in the figure. The interior angle
formed by the radius from C to the dider A and the line from O to
the slider is 8 — 6. The angle g is found by applying the law of sines:
2

—— = ——— from which sinf = sin(8 — #) which is satisfied
sing  sin(g —0)

by B = 20. The radia distance of the slider from the hinge point is

r 2 2sin20

T = T = ,
sin(180 — B8)  sin@ sing
from which r = 4cos6. The radial component of the acceleration

aso found from the sine law:

a2 do\? o d
is g =22 (2 . The derivatives &2 = £ (10r2) = 201,
dr2 dt dr  dt
d?e d de d?
27 20 Y — _asne (L) = —(80sin6)r. L — —80sing —
drt? dt dt dr?

(1600 cos6)z2. Substitute:
[ar)i—02 = [a, = —80sin(10r%) — (1600 cos(10r?))¢?
— (4¢0s(10r?)) (201)2],=0.2

= —149.0 m/s%.

From Newton's second law, the radia component of the external
forceis

W
= (-) a, = —1.158 N.
8

d?0 d de
The transverse acceleration is ag:r( >+2< r>< )

dar? ar ) \ar
Substitute:
[as]i=0.2 = [as = (4cos(10¢2))(20)

+ 2(—80sin(10r2)) () (20)(1)],—0.2 = 23.84 M/

The transverse component of the external force is

w
Fy = <—> agp =0.185 N
8
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Problem 14.106* The 0.25 N slider A is pushed along
the circular bar by the dotted bar. The circular bar lies
in the vertical plane. The angular position of the slotted
bar is 6 = 10? rad. Determine the polar components of
the total force exerted on the dlider by the circular and
Slotted bars at r = 0.25 s.

Solution: Assume that the orientation in the vertical plane is such From Newton’s second law for the radial component F, — mg sing =
that the & = 0 line is horizontal. Use the solution to Problem 14.105.
For positive values of 6 the radial component of acceleration due to g
gravity acts toward the origin, which by definition isthe same direction ~ the acceleration is (from Problem 14.105)
asthe radial acceleration. The transverse component of the acceleration

w .
— ) a,, from which F, = —1.478 N The transverse component of

due to gravity acts in the same direction as the transverse acceleration. [as]i=0.25 = [(4c0s6)(20)

From which the components of the acceleration due to gravity in

the radial and transverse directions are g, = gsiné and gy = g cos6. + 2(—808iN0)()(20)(1)]r—0.25 = —52.14 m/s%.

These are to be added to the radia and transverse components of

acceleration due to the motion. From Problem 14.105, ¢ = 10¢2 rad From Newton’s second law for transverse component Fy — mg cosf =

w )
. 5 <—) agy, from which | Fy = —0.2025 N
[a;]i=0.25 = [-80sin6 — (1600 cosH)t g

— (4¢0s6)(201)?];20.25 = —209 M/S.

Problem 14.107* The dotted bar rotates in the hori-
zontal plane with constant angular velocity wg. The mass
m has a pin that fits into the dot of the bar. A spring
holds the pin against the surface of the fixed cam. The
surface of the cam is described by r = ro(2 — coso).
Determine the polar components of the total external
force exerted on the pin as functions of 6.

Solution: The angular velocity is constant, from which 6 =
J wodt + C = wot + C. Assume that 6(¢ = 0) = 0, from which C =
do

2
—) . The deriva
dt

) . . d?r
0. The radial acceleration is a, = s —r

) o d d?0 dr d
tives — = —(wot) =wo, — =0. — = — 2 —c0s6)) =
ar 4D =@ G ar »
sing a9 sing dr_d ( sing) 270 COSH
T — | = wor , — = — (wor = Wy .
0 dt 070 dt2 dt 070 0’0

Substitute:  a, = wZroCosd — ro(2 — cos8)(wl) = 2rowi(cosh — 1).
From Newton's second law the radial component of the externa
forceis

‘ F, = ma, = ZmrowS(COSH —1).

L d®9
The transverse component of the acceleration is ay =roz +
d de i )
2 (d_:> (E) Substitute: ay = 2row3 sind. From Newton's second

law, the transverse component of the external force is
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Problem 14.108* In Problem 14.107, suppose that the
unstretched length of the spring is ro. Determine the
smallest value of the spring constant £ for which the pin
will remain on the surface of the cam.

Solution: The spring force holding the pin on the surface of the
camis F, = k(r —rg) = k(ro(2 — cosf) — ro) = kro(1 — cosé). This
force acts toward the origin, which by definition is the same direction
as the radia acceleration, from which Newton's second law for the
pinis Y F = kro(1 — cos®) = —ma,. From the solution to Problem
14.107, kro(1 — cosH) = —Zmra)g(cose — 1). Reduce and solve: k =
2mw3. Since cosf < 1, kro(1 — cosh) > 0, and 2mrow3(cosf — 1) <
0. If k > 2mw3, Define Feq = kro(1 — c0s8) + 2mra3(cosd — 1). If
Feq > 0 the spring force dominates over the range of 6, so that the
pin remains on the cam surface. If k < 2maw?, Feq < 0 and the radial
acceleration dominates over the range of 6, so that the pin will leave

the cam surface at some value of 6. Thus| k = meg isthe minimum

value of the spring constant required to keep the pin in contact with
the cam surface.

Problem 14.109 A charged particle P in a magnetic
field moves along the spiral path described by » = 1 m,
6 = 2z rad, where z is in meters. The particle moves
aong the path in the direction shown with a constant
speed |v| = 1 km/s. The mass of the particle is 1.67 x
102" kg. Determine the sum of the forces on the particle
in terms of cylindrical coordinates.

Solution: The force components in cylindrical coordinates are
given by

F=ma, =m dtzra) ,
dr

ZFg:mag:m ra+2|— o),
dt

and ) F, = ma; = m(‘i;. From the given information, dr = Z—Z =
0. We aso have that 6 =2z. Taking derivatives of this, we
see that a9 =w= 2E = 2v,. Taking another derivative, we get
a = 2a,. There is no radial velocity component so the constant
magnitude of the velocity [v|? = vZ + v? = r20? + v2 = (1000 m/s)?.
Taking the derivative of this expression with respect to time,

d dv, dv, d?
we get r2 (202 ) +20. 5% = 0. Noting that 2 = % and
dt dt dt dt?

Uz

d L .
that o = d—L: we can eliminate from the equation. We get

w

2r200 +2(2

) (%) giving (2% + 1/2)wa = 0. Since ® # 0, o =

0, and a, = 0. Subgtituting these into the equations of motion,
we get »? = 4(1000)25 (rad/s)?, and Y F, = —mre? = —1.34 x
102 M/, Y Fp=0and Y. F, =0

1km/s
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Problem 14.110 At the instant shown, the cylindrical

coordinates of the 4-kg part A held by the robotic

manipulator are r =0.6m, 6 =25°, and z =0.8m.

(The coordinate system is fixed with respect to the

earth, and the y axis points upward). A’s radia position
d d?

is increasing a& = = 0.2 m/s, and — — —0.4 m/&.
dt d@dr2

The angle 6 is increasing at E:l.z rad/s and

d?o
preie 2.8 rad/s>. The base of the manipulator arm

. N _— d?
is accelerating in the z direction at d_t; = 2.5 m/s%.

Determine the force vector exerted on A by the
manipulator in cylindrical coordinates.

Solution: The total force acting on part A in cylindrical
i o d?
coordinates is given by Y F, =ma, =m <d_t; - rwz), S Fy=

, I:manip. \ e
mag = m ra+2<fi—:>w>, and ZFZ:maZ:mZT; We are i
given the values of every term in the right hand side of these equations. J -
(Recall the definitions of w and «. Substituting in the known values, - /) 250
weget Y F, = —5.06 N, Y. Fy = 8.64 N,and }_ F, = 10.0 N. These b g X
are the total forces acting on Part A, including the weight. ! ‘i

To find the forces exerted on the part by the manipulator, we
need to draw a free body diagram of the part and resolve the
weight into components along the various axes. We get ) F =
> Fmanip + W = ma where the components of > F have aready
been determined above. In cylindrical coordinates, the weight is
given as W = —mg sinfe, — mg cosfey. From the previous equation,
> F =23 Fmanip — mgsinfe — mg cosfeg. Substituting in terms of
the components, we get (3" Fianip): = 11.5 (newtons), (3° Fmanip)e =
44.2 (newtons) and (3~ Fmanip): = 10.0 (newtons).
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Problem 14.111 Suppose that the robotic manipulator
in Problem 14.110 is used in a space station to
investigate zero-g manufacturing techniques. During
an interval of time, the manipulator is programmed
so that the cylindrical coordinates of the 4-kg part
A ae 6 =0.152rad, r = 0.5(1+sind) m, and z =
0.8(1 + 6) m Determine the force vector exerted on A
by the manipulator at t =2 s in terms of cylindrical

coordinates.
Solution:
6 = 0.15¢2 rad,
do
— = 0.3 rad/s,
dt
2
a0 _ 0.3 rad/s2.
dr?

r=0.5(1+sng) m,

d do

T 0.5— cosf m/s,

dt dt
d?r d2o do\?
— =05—cosf —05( — ) sino m/$.
dt? dr? (dt )

z=081+6) m,

d

dt dt
d?; d?9
—— =08-— m/s.

dr? dt?

Evaluating these expressions at r = 2 s, the acceleration is

. d?r do\? ot d% LodrdoN, L dzze
=|—=—-r(— r—s —_—— — €,
dr? dt " dr? arar ) ¥ T az®

= —0.25%, + 0.532¢) + 0.24e. (M/S?).

Therefore

ZF:ma

= —1.04e. + 2.13ey + 0.96e; (N).
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Problem 14.112* In Problem 14.111, draw a graph of
the magnitude of the force exerted on part A by the
manipulator as a function of timefroms =0tor=5s Fmag (newtons) vst (s)
and use it to estimate the maximum force during that
interval of time. i <

Solution: Use a numerical solver to work problem 14.111 for a 9
series of values of time during the required interval and plot the mag- - /
nitude of the resulting force as a function of time. From the graph, the 5 /
maximum force magnitude is approximately 8.4 N and it occurs at a

time of about 4.4 seconds. /]
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Problem 14.113 The International Space Station isin
acircular orbit 225 miles above the earth’s surface.

(@ What is the magnitude of the velocity of the space

station?
(b) How long does it take to complete one revolution?

Solution: The radius of the orbit is

ro = Re + 225 mi (32.2)[(3960) (5280)]?
- 2.21 x 107
= 3960 + 225 mi
= 25200 ft/s(17200 mi/h).
=221 x 107 ft.

(b) Let T be the time required. Then vo7T = 27rg,
(@) From Eq (14.24), the velocity is

o7 =27 _ 55005 (153 hy.
gRE vo
vg =, —
ro
Problem 14.114 The moon is approximately 383,000
km from the earth. Assume that the moon’s orbit around
the earth is circular with velocity given by Eq. (14.24).
(@ What is the magnitude of the moon’s velocity?
(b) How long does it take to complete one revolution
around the earth?
Solution: EARTH
MOON
Re = 6370 km = 6.37 x 10° m O Q
383000 km e l
ro = 383000 km = 3.83 x 10° m
> Period = 27r/vo
vo = g—RE = 1020 m/s
V o Period = 2.36 x 10° s = 27.3 days
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Problem 14.115 Suppose that you place a satellite into
an elliptic earth orbit with an initial radius ro = 6700 km
and an initia velocity vg such that the maximum radius
of the orbit is 13,400 km. (a) Determine vg. (b) What is
the magnitude of the satellite’s velocity when it is at its
maximum radius? (See Active Example 14.10).

Solution: We have

rov02 1+e¢
&= =1, rmax =ro » 'OV0 = Fmax Umax radius-
gRE 1—¢
Solving we find

rmax —ro _ 13,400 km — 6700 km

= = 0.333,
rmex +ro 13,400 km + 6700 km

REg? (6370 km)?
v = \/g(l + e)T = \/(9.81 m/sz)(1.333)m = 8900 m/s,
v regius = 0 vp = 2700 KM 0000 mis) = 4450 mis

Fmax 13400 km

(a) vo = 8900 m/s, (b)vmax radius = 4450 m/s.

Problem 14.116 A satellite is given an initial velocity
vo = 6700 m/s at a distance rg = 2R from the center
of the earth as shown in Fig. 14.18a. Draw a graph of
the resulting orbit.

Solution: The graph is shown.
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Problem 14.117 The time required for a satellite in a
circular earth orbit to complete one revolution increases
as the radius of the orbit increases. If you choose the
radius properly, the satellite will complete one revolu-
tion in 24 hours. If a satellite is placed in such an orbit
directly above the equator and moving from west to east,
it will remain above the same point on the earth as the
earth rotates beneath it. This type of orbit, conceived
by Arthur C. Clarke, is called geosynchronous, and is
used for communication and television broadcast satel-
lites. Determine the radius of a geosynchronous orbit
in km.

Solution: We have

_ 2nr V2 Rg?

v =g—
T 82

(er212\® (981 mis][6370x 10° mI2[24(60)(60) 7\
"\ T2 - 472

| = 42.2x10° m = 42,200 k. |

Problem 14.118* You can send a spacecraft from the
earth to the moon in the following way. First, launch
the spacecraft into a circular “parking” orbit of radius
ro around the earth (Fig. @). Then increase its velocity
in the direction tangent to the circular orbit to a value
vo such that it will follow an elliptic orbit whose maxi-
mum radius is equal to the radius ry, of the moon’s orbit
around the earth (Fig. b). The radius ry = 382942 km.
Let rp = 6693km. What velocity vg is hecessary to send
a spacecraft to the moon? (This description is simplified
in that it disregards the effect of the moon’s gravity.)

Solution:
Rg = 6370 km, rog= 6693 km, ry = 382942 km

Note that

First find the eccentricity:

1+e¢ ryM — 1o
fmax = M =10 l1—-¢ :é‘:rM+ro

Then use eg. 14.23

2gry

2 1
s:rov02—1:>v0:RE ﬂ:RE _ cM
gRE ro ro(ro + ry)

Putting in the numbers we have | vg = 10820 m/s

Moon’s
orbit

Elliptic
orbit

Parking
orbit

(a) (b)
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Problem 14.119* At ¢t = 0, an earth satellite is a dis- B 40
tance ro from the center of the earth and has an initia % 0
velocity vg in the direction shown. Show that the polar
equation for the resulting orbit is R ; &

0
r (e +1)cos’B SK

o [(e +1) cos? B — 1] cosh — (¢ + 1)sinBcosBsing + 1’

2
rov

where ¢ = (O—g> -1
gRg

Solution: We need to modify the solution in Section 14.5 to From conditions (3) and (4) and Eg. (5),

account for this new initial condition. At § = 0 (see Fig. 14.17) st gR2
T o rgvicos?p

dr .
v, = — =voSnp

dt and
and i
A== S'cr;i;ﬂ'
8 "
vg = r— = vp COS .
di Substituting these expressions for A and B into Eq (2) yields the
desired result.

Therefore Eq (14.15) becomes

de
2
— = = cos 1
regp = Ve =rovo B D

Following the same steps that led to Eq. (14.21) in terms of u = 1/r

yields
. gRé
u = Asno + Bcoso + S5 5 2
révg cos? B

At6 =0,

1
u=—. (3

ro
Also, note that

_dr d (1 1 du 1 du db
T dr T dt N

vy -
u
du
=- cosf—,
rovo COS B 70
where we used (1). Therefore, at 6 =0

d
—roug cosﬁ£ =vpsSinp. 4

From (2),

du .
— = Acosf — Bsing. (5)
do
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Problem 14.120 The Acura NSX can brake from
120 km/h to a stop in a distance of 112 m. (a) If you
assume that the vehicle's deceleration is constant, what
are its deceleration and the magnitude of the horizontal
force its tires exert on the road? (b) If the car’ s tires are
at the limit of adhesion (i.e., dlip is impending), and the
normal force exerted on the car by the road equals the
car'sweight, what is the coefficient of friction u,? (This
analysis neglects the effects of horizontal and vertical
aerodynamic forces).

Solution:

(@ 120 km/h=33.3 m/s.

dv dv
a = —= —1V.

dt ds
Integrating,

0 112
/ vdv = / ads,
333 0

we obtain ¢ = —4.95 m/s>. The magnitude of the friction

forceis
13000
= =———) (4.9
S =mlal ( 9.81>( )
= 6560 N.

(b) The Normal force is the car's weight, so

_f 6560
Hs =N = 13000
— 0.505.

Problem 14.121 Using the coefficient of friction
obtained in Problem 14.120, determine the highest speed
at which the NSX could drive on aflat, circular track of
600-m radius without skidding.

Solution: The free body diagram is at the right. The normal force T e ey
is equa to the weight and the friction force has the same magni- :
tude as in Problem 14.120 since f = uyN. The equation of motion
in the radia direction (from the center of curvature of the track to S :
the car) is Y. F, = mv?/R = f = usN = puymg. Thus, we have that R S
mv2/R = pgmg or v2 = j, Rg. Inserting the numbers, we obtain v =
36.7 m/s = 132 km/h.
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Problem 14.122 A cog engine hauls three cars of
sightseers to a mountain top in Bavaria. The mass of
each car, including its passengers, is 10,000 kg and the
friction forces exerted by the wheels of the cars are
negligible. Determine the forces in couplings 1, 2, and 3
if: (8) the engine is moving at constant velocity; (b) the
engine is accelerating up the mountain at 1.2 m/s?.

Solution: (a) The force in coupling 1 is

| F1 = 10,000 gsin40° = 631 kN. |

The force on coupling 2 is /Fl SR
| F2 = 20,000 gsin(40) = 126.1 kN. | KN %N RN

The force on coupling 3 is

| F3 = 30,000 gsin40° = 189.2 kN. |

(b) From Newton's second law, Fi, — mgsind0° = ma. Under
constant acceleration up the mountain, the force on coupling 1 is

Fi, = 10,0004 + 10,000 gsin40® = 75.1 kN. |

The force on coupling 2 is| Fo, = 2F1, = 150.1 kN. |

The force on coupling 3 is| Fo, =3 Fy, = 225.2 kN |
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Problem 14.123 In a future mission, a spacecraft
approaches the surface of an asteroid passing near the
earth. Just before it touches down, the spacecraft is
moving downward at a constant velocity relative to
the surface of the asteroid and its downward thrust is
0.01 N. The computer decreases the downward thrust to
0.005 N, and an onboard laser interferometer determines
that the acceleration of the spacecraft relative to the
surface becomes 5 x 10~% m/s? downward. What is the
gravitational acceleration of the asteroid near its surface?

Solution: Assume that the mass of the spacecraft is negligible
compared to mass of the asteroid. With constant downward velocity,

the thrust balances the gravitational force: 0.01 — mg, = 0, where m o ! Tgs
is the mass of the space craft. With the change in thrust, this becomes & AN
0.005 — mg, = m(=5 x 10~6) N/kg?. Multiply the first equation by o —"

0.005, the second by 0.01, and subtract: The result:

_ (0.01(5 x 1075

= ==22 7 ) — 1% 1075 Nikg?
& ((0.01—0.005)) x g

Problem 14.124 A car with amass of 1470 kg, includ-
ing its driver, is driven at 130 km/h over a slight rise
in the road. At the top of the rise, the driver applies the
brakes. The coefficient of static friction between the tires
and the road is us = 0.9 and the radius of curvature of
the rise is 160 m. Determine the car’s deceleration at the
instant the brakes are applied, and compare it with the
deceleration on a level road.

Solution: First, note that 130 km/h = 36.11 m/s. We have a sit- ]
uation in which the car going over the rise reduces the normal force mg
exerted on the car by the road and also reduces the braking force. The LéRl
free body diagram of the car braking over the rise is shown at the . Y
right along with the free body diagram of the car braking on a level
surface. For the car going over the rise, the equations of motion are /
> F, = —f = ma,, where f isthefriction force. The normal equation II

is " F, = N — mg = mv?/R. The relation between friction and nor- /

mal force is given as f = u, N. Solving, we get ¢, = —1.49 m/s*.

For the car braking on a level surface, the equations are N — mg = ‘
0, f =pusN, and —f = may. Evaluating, we get ay = 8.83 m/s.
Note that the accelerations are VERY different. We conclude that at
130 km/h, arise in the road with a radius of 160 m is not “dlight”. mg

The car does not become airborne, but if the radius of curvature were o o il
smaller, the car would leave the road.
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Problem 14.125 The car drives at constant velocity up
the straight segment of road on the left. If the car’ s tires
continue to exert the same tangentia force on the road
after the car has gone over the crest of the hill and is on
the straight segment of road on the right, what will be
the car’'s acceleration?

Solution: Thetangential force on the left is, from Newton’ s second
law, F; — mg sin(5°) = ma = 0. On the right, from Newton’'s second
law: F, + mg sin(8°) = ma from which the acceleration is

a = g(sin5’ +sin8’) =0.2264 g

5e / my '_H:‘:‘in
N /
\N 8° Ft]

Problem 14.126 The aircraft carrier Nimitz weighs
91,000 tons. (A ton is 8896 N) Suppose that it is
traveling at its top speed of approximately 154 m/s
when its engines are shut down. If the water exertsa
drag force of magnitude ggggov . Where v is the
carrier's velocity in petre Per second, what distance
does the carrier move before coming to rest?

Solution: The force on the carier is F = —Kv, where

. . F K
K = ggogp- The acceleration is a = e —%v. Use the
. . dv gk . .
chain rule to write vd— = va. Separate variables and inte-
X

K K
grate: dv = —ngx, v(x) = _gWx + C. The initial veloc-
ity: v(0) =154 mis, from which C = v(0) = 50.63, and v(x) =

K .
v(0) — gWx, from which, at rest,

x = =4365 m=4.36 km
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Problem 14.127 If m4 = 10 kg, mp = 40 kg, and the
coefficient of kinetic friction between all surfaces is
uk = 0.11, what is the acceleration of B down the
inclined surface?

20°

Solution: Choose a coordinate system with the origin at the wall

and the x axis parallel to the plane surface. Denote 6 = 20°. Assume T T UNp A
that slip has begun. From Newton’s second law for block A: \ A
UNp "
(1) ZFx=—T+mAgsin9+ukNA:mAaA, \ H B\
NA/ Wy -
AB Wa |

2 Z Fy, = N4 —mygcosé = 0. From Newton's second law for
block B:

(©)] ZF =—T — uxNp — uxNa + mpg Sind = mpag,

4 Z F, = Np — Ny —mpg cosé = 0. Since the pulley is one-to-
one, the sum of the displacements is xp + x4 = 0. Differentiate
twice:

(5) ap + aa = 0. Solving these five equationsin five unknowns, T =
49.63 N, Ny = 92.2 N, Nz = 460.9 N, ay = —0.593 m/s?,

ap = 0.593 m/s?

Problem 14.128 In Problem 14.127, if A weighs
89 N, B weighs 444.8 N, and the coefficient of kinetic
friction between all surfaces is ux = 0.15, what is the
tensionin the cord as B slides down the inclined surface?

Solution:  From the solution to Problem 14.127,

Q) ZFx:—T+mAgSin9+ukNA:mAaA,

(20 Y Fy=Ns—magcosd = 0. For block B:

©)] ZFx:_T_MkNB_MkNA +mpgsing = mpag,
4 ZFyzNB—NA—mBgcosG:O.

(5) ap +as = 0 Solve by iteration:

T=465N |,

Ni =83.6N, Ng —501.7 N, a4 = —0.39 m/s?,

ap = 0.39 m/&
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Problem 14.129 A gas gun is used to accelerate Projectile
projectiles to high velacities for research on material
properties. The projectile is held in place while gas is Lo 1] |
pumped into the tube to a high pressure po on the left

and the tube is evacuated on the right. The projectile is %] v
then released and is accelerated by the expanding gas.
Assume that the pressure p of the gas is related to the || p | | |

volume V it occupies by pV?” = constant, where y is
a constant. If friction can be neglected, show that the \
velocity of the projectile at the position x is

2p0Axg 1 1
m(y —1) xg_l ')

where m is the mass of the projectile and A is the cross-
sectional area of the tube.

Solution: Theforce acting on the projectileis F = pA where p is
the instantaneous pressure and A is the area. From pV? = K, where
K= povoy is a constant, and the volume V = Ax, it follows that

K . .
p= W' and the force is F = K AY7x~7. The acceleration is
X
a= F = EAlfyxw.
m m

The equation to be integrated:

d K . d dv d d
v = 2 Ay, where the chain rule d—v —vax d—v
X

= has
t dx dt

dx m
been used. Separate variables and integrate:

K K 1=y
v2=2<—> Al’V/x’deqLC:Z(—) Ay (—x >+C.
m m 1-y

When x = xg, vo = 0, therefore

()
v _Z(m 1-, (x Xy ).

Substitute K = poV = poA” x§ and reduce:

2poAx) 1- )

2 0 (.1 Y .
vi= —— (Y —x; 7). Rearranging:
m(l—y) 0 ong

2poAx] 1 1
V= - R
m(y —1) xg_l xr—1
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Problem 14.130 The weights of the blocks are W, =
120 N, and Wz =20 N and the surfaces are smooth.

Determine the acceleration of block A and the tension _@

in the cord.
A
B
Solution:  Denote the tension in the cord near thewall by T;4. From
Newton’'s second law for the two blocks: T TT
L

Ma
ZFx:TA:<&+&)aA. mBI |
g g

W . .
For block B: > F, =Tq — Wg = —BaB. Since the pulley is one-

8
to-one, as the displacement of B increases downward (negatively) the
displacement of A increases to theright (positively), from which x4 =
—xp. Differentiate twice to obtain a4 = —ap. Equate the expressions

to obtain:
W, w w .

4 <_A i _B) = Wp + —2a, from which
8 8 8

Wpg 20 9.81
“—g<m>—g(ﬁ)—T =123 m

Problem 14.131 The 100-Mg space shuttle is in orbit
when its engines are turned on, exerting a thrust force
T = 10i — 20j + 10k (kN) for 2 s. Neglect the resulting
change in mass of the shuttle. At the end of the 2-s burn,
fuel is still sloshing back and forth in the shuttle' s tanks.
What is the change in the velocity of the center of mass
of the shuttle (including the fuel it contains) due to the
2-s burn?

Solution: At the completion of the burn, there are no external
forces on the shuttle (it isin free fall) and the fuel sloshing is caused
by internal forces that cancel, and the center of mass is unaffected.
The change in velocity is

2
AV:/ %d; _ 2(104)i 22 104 N 2(104)k
0

10 T TS
— 0.2i — 0.4] + 0.2k (/)
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Problem 14.132 The water skier contacts the ramp
with a velocity of 40.2 km/h parallel to the surface of
the ramp. Neglecting friction and assuming that the tow
rope exerts no force on him once he touches the ramp,
estimate the horizontal length of the skier's jump from
the end of the ramp.

Solution: Bresk the path into two parts: (1) The path from the
base to the top of the ramp, and (2) from the top of the ramp until
impact with the water. Let u be the velocity parallel to the surface of
the ramp, and let z be the distance along the surface of the ramp.

d 244
From the chain rule, ud—u = —gsinf, where 6 =tan*1< >=
z

6.1
21.8°. Separate variables and integrate:
u? = —(2gsind)z + C. At the base of the ramp

u(0) =40.2 km/h =11.17 m/s

from which ¢ = (11.172) = 124.8 and u = /C — (2gSinf)z. At
7=+/2.4424+6.1= 6.56 m u = 8.78 m/s. (2) In the second part of the

d
path the skier isin free fall. The equations to be integrated are ;

y —
t

d
—g, d% = v, with v(0) = u Sinf = 8.78(0.3714) = 3.26 m/s y(0) =
d d
2.44m. % =0, d—f = v, Withu, (0) = 1 cos6 = 8.14 m/s, x(0) =
0. Integrating: vy (1) = —gr +3.26 m/s. y(t) = —§t2+3.26t +2.44m
v (t) =8.14 m/s, x(t) = 8.14z. When y(fimpact) =0, the skier has hit
the water. The impact time is tﬁnpm + 2btimpact + ¢ = 0 where b =

3.26 4.85
————,c=——".The solution fimpact = —b £ Vb? —c =111 s =

g I3
—0.45 s. The negative values has no meaning here. The horizontal
distance is

X (fimpact) = 8.14fimpact = 9.05 M

Problem 14.133 Suppose you are designing a roller-
coaster track that will take the cars through a vertical
loop of 12.2 m radius. If you decide that, for safety, the
downward force exerted on a passenger by his seat at the
top of the loop should be at least one-half the passenger’s
weight, what is the minimum safe velocity of the cars at
the top of the loop?

Solution:  Denote the normal force exerted on the passenger by the

seat by N. From Newton's second law, at the top of the loop —N —
2 2
N
mg = —m v , from which —— =g — Y — _¢ From which:
R m 2

R
3R
v:,/Tg:13.4 m/s

NP NPNIPNPNI ISP IZNINIZA PPN LN INI NN NI INLTN]
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Problem 14.134 As the smooth bar rotates in the hor-
izontal plane, the string winds up on the fixed cylinder
and draws the 1-kg collar A inward. The bar starts from
rest at + = 0 in the position shown and rotates with con-
stant acceleration. What is the tension in the string at
t=15?

Solution: The angular velocity of the spool relative to the bar is

a2= 6 rad/s?. The acceleration of the collar relative to the bar is
der

. )M
—7 = —Ra=-0056) = -03 m/s?. The take up velocity of the
spoal is
A
vy = / Ra dt = —0.05(6)r = —0.3tr m/s. T

The velocity of the collar relative to the bar is
dr

— =-03rm/

o r m/s.

The velocity of the collar relative to the bar is dr/dt = —0.3r m/s.
The position of the collar relative to the bar is r = —0.15:2 4 0.4 m.

) _d?%6
The angular acceleration of the collar is i 6 rad/s?. The angu-

. . do ) Lo
lar velocity of the collar is i 6¢ rad/s. The radial acceleration is

d? do\?
a =L 1 (Z) =03 (—0.15:2 + 0.4)(6r)2. At 1 = 1 sthe
dr? dt

radial acceleration is a, = —9.3 m/s?, and the tension in the string is

||T\=|ma,|=9.3N|

Problem 14.135 In Problem 14.134, suppose that the
coefficient of kinetic friction between the collar and the
bar is ux = 0.2. What is the tension in the string at
t=1s?

Solution: Use the results of the solution to Problem 14.134 At
t =1 s, the horizontal normal force is

d?0 dr\ (do
— +2(— — =21N,
(rdt2+ (dt)(dt) '
from which the total normal forceis N = /N2 + (mg)2? From New-

ton’s second law: (—T + /Lk,/Nf, + (mg2)> e + Nye = ma,€ +

mag€y, fromwhich —T + uk,/Nf, + (mg)? = ma, . From the solution
to Problem 14.152, a, = —9.3 m/s?. Solve: The tension is

Ny = |mag| =m

T =11.306 N
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Problem 14.136 If you want to design the cars of a
train to tilt as the train goes around curves in order to
achieve maximum passenger comfort, what is the rela-
tionship between the desired tilt and 6, the velocity v of
the train, and the instantaneous radius of curvature, p,
of the track?

Solution:  For comfort, the passenger should feel the total effects
of acceleration down toward his feet, that is, apparent side (radia)
accelerations should not be felt. This condition is achieved when the
tilt 6 is such that mg sind — m(v?/p) cosd = 0, from which

tang = —.

Problem 14.137 To determine the coefficient of static
friction between two materials, an engineer at the U.S.
National Institute of Standards and Technology places a
small sample of one material on a horizontal disk whose
surface is made of the other material and then rotates
the disk from rest with a constant angular acceleration
of 0.4 rad/s?. If she determines that the small sample
slips on the disk after 9.903 s, what is the coefficient of
friction?

Solution: The angular velocity after 1 = 9.903 s is w = 0.4r =
3.9612 rad/s. The radial acceleration isa, = 0.2w? = 3.138 m/2. The
tangential acceleration is a, = (0.2)0.4 = 0.08 m/s?. At the instant
before slip occurs, Newton's second law for the small sampleis)_ F =

usN = pgmg = m,/a2 + a?, from which
Va2 +a?
us = —— =0.320
8
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Problem 14.138* The 1-kg dlider A is pushed aong
the curved bar by the dotted bar. The curved bar lies
in the horizontal plane, and its profile is described by

0 . ,
r=2 o + 1) m, where 6 isin radians. The angular
JT

position of the slotted bar is & = 2r rad. Determine the
radial and transverse components of the total external
force exerted on the slider when 6 = 120°,

Solution: Theradial positionisr = 2 (i + 1). The radial veloc-
s
ity: dr 2
“dt @ "
The radial acceleration is zero. The angular velocity: i 2. The

angular acceleration is zero. At § = 120° = 2.09 rad. From Newton's
second law, the radial force is F, = ma,, from which

do\?
Fr=—|r(— . = —10.67¢, N
|:r<dt) }e &

The transverse force is Fy = may, from which

) ()]

Problem 14.139* In Problem 14.138, suppose that the
curved bar liesin the vertical plane. Determine the radial
and transverse components of the total force exerted on
A by the curved and slotted barsat t = 0.5 s.

Solution: Assume that the curved bar is vertical such that
the line =0 is horizontal. The weight has the components:
W = (Wsinf)e. + (W cosf)ey. From Newton's second law: F, —
wWsn® =ma,, and Fy— Wcosd = may., from which F, —
gsin2te, = —r(dd/ dt)?e., from which

Fr = (4(% + 1) 2% +gSin2t> ,

a +=05s |F,=-102N| The transverse component Fy =

2 8
2 <7) (2) + gcos2t = (7 + gcosZz). Attr=0.51s,
s b4

Fy=785N
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