Introduction to Mechanics for Engineers — Ruina & Pratap Ch 14 Section 14.1

For all problems, unless stated other-
wise, treat all strings as inextensible, flex-
ible and massless. Treat all pulleys and
wheels as round, frictionless and mass-
less. Assume all massive objects are pre-
vented from rotating (e.g., wheels stay
on the ground, etc.). When numbers
are called for use g = 10m/s*> or g =

32ft/s%.

B
14.1.1 A motor at B allows the block of
mass m = 3 kg shown in the figure to ac-
celerate downwards at 2m/s?. There is A
gravity. What is the tension in the string
AB? "
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Problem 14.1.2

14.1.2 Two masses connected by an inex-
tensible string hang from an ideal pulley.

a)

b)

Find the downward acceleration
of mass B. Answer in terms of
any or all of m,, my, g, and the
present velocities of the blocks. As
a check, your answer should give
ap = gwhenm, =0anda; =0
when m, = my. .

Find the tension in the string. As
a check, your answer should give
T = myg = myg when m, = my
and T = 0 whenm, = 0.

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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14.1.3 The blocks shown are released
from rest.

a) What is the acceleration of block
A att = 0% (just after release)?

b) What is the speed of block B after
it has fallen 2 meters?

Problem 14.3
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Problem...
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Problem 14.1.4

14.1.4 What is the acceleration of block
A?Use g = 10m/s’.

Problem 14.4
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a, =-2m/s*j
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14.1.5 For the system shown in prob-
lem 14.1.2, find the acceleration of mass

B using energy balance (P = Ey).
@
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Problem 14.1.6

14.1.6 For the various situations pic-
tured, find the acceleration of mass A
and point B. Clearly define any variables,
coordinates or sign conventions that you
use.
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Problem 14.6: Four different ways to pull
a mass.
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Kinematics
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Problem...
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Problem 14.1.8
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@

14.1.8 What is the ratio of the accelera-
tion of point A to that of point B in each
configuration? m = mand F =F.

Problem 14.8
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Problem 14.1.9

14.1.9 Find the acceleration of points A
and B in terms of F and m. Problem 14.9

Answer:
a, = 2F/(5m), az = F/(5m) to the
right.

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.
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Problem 14.1.10

19

14.1.10 For the situation pictured in
problem 14.1.9 find the accelerations of
the two masses using energy balance
(P = Ey). Define any variables, coordi-
nates, or sign conventions that you need
to do your calculations and to define your
solution.
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Problem 14.1.11

14.1.11 The point of application A of the
force moves twice as fast as the mass. At
some instant in time ¢, the speed of the
mass is X to the left. Find the input power
to the system at time ¢.

Problem 14.11
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Problem 14.1.12
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14.1.12 A train engine of mass m pulls n=l n=
and accelerates N cars, each of mass m.
The power of the engine is P, and its
speed is v,. Find the tension T, between

n=N-2 n=N-1

n=N

Qx@‘ AVAOH.

car n and car n+1. Assume there is no re- Problem 14.12
sistance and the ground is level. Assume Answer:
the cars are connected with rigid links. T, = 58
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Problem 14.1.13

14.1.13 A cart of mass M, initially at
rest, can move horizontally along a fric-
tionless track. When ¢t = 0, a force F is
applied as shown to the cart. During the
acceleration of M by the force F, a small
box of mass m slides along the cart from
the front to the rear. The coefficient of
friction between the cart and the box is
M, and it is assumed that the acceleration
of the cart is sufficient to cause sliding.

a) Draw free-body diagrams of the
cart, the box, and the cart and box
together.

b) Write the equation of linear mo-
mentum balance for the cart, the
box, and the system of cart and
box.

c) Show that the equations of motion
for the cart and box can be com-
bined to give the equation of mo-
tion of the mass center of the sys-
tem of two bodies.

d) Find the displacement of the cart
at the time when the box has
moved a distance ¢ along the cart.

- ¢ \
m: F

M >
) . no friction
Problem 14.13

Answer:
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F—umg
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Problem...
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Problem 14.1.14

25

B. Clearly define any variables, coordi-
nates or sign conventions that you use.

B F
14.1.14 For the situations pictured, find ‘i“.,.. —)-
the accelerations of mass A and of point I m H —@

a) A single mass and four pulleys.

b) Two masses and two pulleys.

©)

¢) A single mass and four pulleys.

|m|\—qﬂ—£
i ¢

massless
Problem 14.14: Various pulley arrange-
ments.
Answer:
- 5F , 25F . ~ =
(@) a, = —i,dz; = —1i, where i is
m m
parallel to the ground and points to the
right.
= g _ 2 = —
ba, = (4m1+m2)(2m2 \/Emz)ll, a
- m@ml —/3m,)A,, where 4, is
1 2

parallel to the slope that mass m, trav-
els along, pointing down and to the left,
and A, is parallel to the slope that mass
m, travels along, pointing down and to

the right.

Ay = 2 and ap = 22 in the direction
4m 16m

of F.
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14.1.16 A person of mass m, modeled
as a rigid object, is sitting on a cart of
mass M > m and pulling the string to-
wards herself. The coefficient of friction
between her seat and the cart is u. Point
Bis attached to the cart and point A is at-
tached to the rope.

a)

b)

If you are given that she is pulling
rope in with acceleration q, rela-
tive to herself (thatis,a,,; =@, —
a, = —a,i) and that she is not
slipping relative to the cart, find
a,. (Answer in terms of some or
allof m,M, g, u,iand a,.)

Find the largest possible value of
a, without the person slipping off
the cart? (Answer in terms of
some or all of m, M, g and u. You
may assume her legs get out of the
way if she slips backwards.)

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.

c) If instead, M < m, what is the
largest possible value of a, with-
out the person slipping off the
cart? (Answer in terms of some or
all of m, M, g and u. You may as-
sume her legs get out of the way if
she slips backwards.)

Problem 14.16: Pulley.

Answer:
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Problem 14.1.18

k
m
by
14.1.18 What is the natural frequency
of vibration of this system? Include grav-
ity. x measures the vertical position of \
the lower mass from equilibrium. y mea-
sures the vertical position of the upper O\
mass from equilibrium. %
m
xl
Problem 14.18
Answer:
angular frequency of vibration = 1 =
(3
65m "
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Problem 14.1.19

14.1.19 For the situation pictured, find
the acceleration of mass A and points B
and C shown. [Hint: the situation with
point C is subtle.]

A CB—F;
:#C:CQC_

Problem 14.19

Answer:

The assembly at C has, with the ide-
alizations given, no mass and no net
force acting on it. The equation F =
ma says 0 = 0 and, within the as-
sumptions made, the acceleration is in-
determinate. If you built such a ma-
chine, the acceleration of C would be
determined by the effects which are ne-
glected here, such as the mass of the
central assembly and the friction in the
pulley bearings. If you built such an as-
sembly you would see that only small
additional forces are needed to move
point C most any which way.

13- 1.13
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14.1.20 For the situation pictured in
problem 14.1.19, find the acceleration of
point A using energy balance (P = Ey).
Define any variables, coordinates, or sign
conventions that you need to do your cal-
culations and to define your solution.

e
L5

yra

u.u‘na Emargy  Mebivocls

ol deulved o.l’_/hgellﬁ

/Z-- T 3%
Pin= Fz
}K : Mo,
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Qg 2 3F
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Problem 14.1.21

14.1.21 Design a pulley system. You
are to design a pulley system to move a
mass. There is no gravity. Point A has
a force F = Fi pulling it to the right.
Mass B has mass my. You can connect
point A to the mass with any number of
ideal strings and ideal pulleys. You can
make use of rigid walls or supports any-
where you like (say, to the right or left of
the mass). You must design the system

so that mass B accelerates to the left with
E (1.e., ag = —El).

a) Draw the system clearly. Justify
your answer with enough words
or equations so that a reasonable
person, say a grader, can tell that

you understand your solution.

b) Find the acceleration of point A.

R ntenakiy
Foa, =1y
A 2T
M, Vg
A =
- =) C{R:C_(B
2
Fza1r — (y
m'ﬁi\g— T
> al% = .l_ = kS
™
B 2m
Gg = - e
D—mB
. — _
2 —
Hmg
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14.1.22 Design a pulley system. You
are to design a pulley system to move a
mass. There is no gravity. Point A has
a force F = Fi pulling it to the right.
Mass B has mass m;,. You can connect
the point A to the mass with any number
ofideal strings and ideal pulleys. You can
make use of rigid walls or supports any-
where you like (say, to the right or left of
the mass). Draw the system clearly. Jus-
tify your answer with enough words or
equations to convince a skeptical person
that your solution is correct. You must
design the system so that the mass B ac-
celerates .

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.

a)

b)
©)
d)
e)
f)

g

to the left with — (ie, @, =
mg

-y
mpg
to the left with 2=
mpg
to the left with ——
2mp

to the right with 2z
m,

B

to the right with ——
2m

B

to the left with 2
m

B

to the right with £
S5m,

B

Taking direchiny,
d

Qg = - 2F

Mg
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Problem 14.1.23

14.1.23 Pulley and spring. For the gl
hanging mass find the period of oscilla-

tion. Only vertical motion is of interest.

There is gravity.

Problem 14.23

Eq vabiond ¢
Kt i e e f

MK = ma,l'(
T-= Hj/

A equi Ubyium

= mA gk [They o 0
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14.1.24 The spring-mass system shown
(m = 10 slugs (= b - sec?/ft), k =
101b/ft) is excited by moving the free
end of the cable vertically according to
5(t) = 4sin(wt) €, as shown in the fig-
ure.

a) Derive the equation of motion for
the block in terms of the displace-
ment x from the static equilibrium
position, as shown in the figure.

b) Ifw = 0.9rad/s, check to see if the
pulley is always in contact with

the cable (ignore the transient so-
lution).

S(t)T

Static equilibrium
position at § =0
and x=0

s

—_—

WL 100

) X | v
- —- equilibrivm /
pos iy 1@
DEFLECTED

F= K A¢Q

"kAQ/)‘Jleﬁﬁ = mx 4 dot w/

Z X ~ 5(F) b:«jﬁl of S+Vikj
X = §/2

2 X#®)+ X -Xg
X(E)+ X =2 = 382

!

X(£) = 5¢t) /2

MB Zf: mg' a= Xj\

L

(55

—KXx+K§ +mg = wmXx
2

A3 K x a #K§ +a

M
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Problem 14.1.25

14.1.25 The block of mass m hanging on
the spring with constant k and a string
shown in the figure is forced by F =
Asin(wt). Do not neglect gravity. The
pulley has negligible mass.

a) What is the differential equa-
tion governing the motion of the
block? You may assume that the
only motion is vertical motion.

b) Given A, m and k, for what values
of w would the string go slack at
some point in the cyclical motion?
(The common assumption in such
problems, which you can use, is to
neglect the homogeneous solution
to the differential equation. It is
assumed that the damping, small
enough to be neglected in the gov-
erning equations is large enough
so that the particular solution will

[

have damped out at the time of ob-

servation.)

l F = A sin(wt)

Problem 14.25

Answer:
(a) mx + 4kx = Asinwt + mg, where
x is the distance measured from the
mass position when the spring is un-
stretched.
(b) The string will go slack if » >
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Problem 14.1.26
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14.1.26 Block A, with mass m,, is pulled
to the right a distance d from the posi-
tion it would have if the spring were re-
laxed. It is then released from rest. As-
sume ideal string, pulleys and wheels.
The spring has constant k.

a) What is the acceleration of block }—’x —’i
A just after it is released (in terms
of k, m,, and d)? Problem 14.26
b) What is the speed of the mass Answer:
when the mass passes through the (@a, =— pkdr)
position where the spring is re- my

oo A ‘ ,
Movae Mo,,{ 4o n‘awf- a duotane d.
_NQ__"LE’. 5)(,4 = Lmﬁﬂ\éw *)(S :

308 = K, if 4K, =4,

7

Ax, = 2d
(A e ] iz Zkt(
D . = 4
i%"" T Z_F,: ==3%T=ma
TG“T R N - Ak d =ma
e, | P
N a= — kd i
n

(b) Ep\mm Omf\ﬁt\/\f?\m

4 4{ a2 t/\W HZNZ‘ .
i S : r’\v/zi'xd?

(PE + KE), = (PE + KE),

i ¥ - 4 i
)’k(Bd) +0 =0 +1im,V
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14.1.27 What is the static displacement
of the mass from the position where the
spring is just relaxed?

Problem 14.27
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14.1.28 For the two situations pic- @) |
tured, find the acceleration of point A \ L
shown using balance of linear momen- n_IA
tum (O F = ma). Assuming both C— K.Ly
masses are deflected an equal distance
from the position where the spring is just (b)
relaxed, how much smaller or bigger is i d
the acceleration of block (b) than that of KL,
block (a). Define any variables, coordi- o @)
nate system origins, coordinates or sign A

- S

conventions that you need to do your cal-
culations and to define your solution.

Problem 14.28
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14.1.29 For each of the situations pic-
tured in problem 14.1.28, find the accel-
eration of the mass using energy balance
(P = Ey). Define any variables, coordi-
nates, or sign conventions that you need
to do your calculations and to define your
solution.
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