Introduction to Mechanics for Engineers — Ruina & Pratap Ch 14 Section 14.2

14.2.1 Mass pulled by two strings.
F, and F, are applied so that the system
shown accelerates to the right at 5m/s?
(ie, @ = 5m/s’i + 0j) and has no ro-
tation. The mass of D and forces F, and
F, are unknown. What is the tension in
string AB?
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Problem 14.2.2

14.2.2 The two blocks, m; = m, = m,
are connected by an inextensible string
AB. The string can only withstand a ten-
sion T,,. Find the maximum value of the
applied force P so that the string does not
break. The sliding coefficient of friction
between the blocks and the ground is u.
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Problem 14.2.3

14.2.3 A point mass m is attached to a
piston by two inextensible cables. The
piston has upwards acceleration of a, j.
There is gravity. In terms of some or all
ofm,g,d,anda, find the tension in cable
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Problem 14.2.5

14.2.5 Consider the mass at B(2kg) sup-
ported by two strings in the back of a
truck which has acceleration of 3m/s?,
Use g = 10m/s>. What is the tension
T ,5 in the string AB in Newtons?
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Problem 14.2.6

5

14.2.6 At the instant shown, the mass is
moving to the right at speed v = 3m/s.
Find the rate of work done on the mass.

m=10kg
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14.2.7 A pointmass ‘m’ is pulled straight
up by two strings. The two strings pull
the mass symmetrically about the ver-
tical axis with constant and equal force n
T. At an instant in time ¢, the position
and the velocity of the mass are y(¢) j and
() j, respectively. Find the power input y
to the moving mass. X
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14.2.8 Two blocks, each of mass m, are the slope, having started from rest.
connected by a rod of length S. They [Hint: Dot your momentum bal-
slide down a slope of angle 8. Do not ne- ance equations with a unit vector
glect gravity but do neglect friction. along the ramp in order to reduce
a) Draw separate free-body diagrams a};ﬁfrf;gf;?ﬁfeghgﬁ?fl 1 one
of each block, the rod, and the sys- :
tem of the two blocks and rod.
b) Write separate equations for lin-
ear momentum balance for each
block, the rod, and the system of
blocks and rod.
¢) What is the acceleration of the
center of mass of the two blocks?
d) What is the force in the rod? Problem 14.8
e) What is the speed of the center of Answer:
mass for the two b}ocks after they a, =a,=gsinod
have traveled a distance d down T=0
v =1/2dgsin 6
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14.2.9 Two blocks, each of mass m, are
connected by a massless rod of length S;
the blocks’ dimensions are small com-
pared to S. They slide down a slope of
angle 8. The coefficient of friction of the
top block is u and of the bottom block is

u/2.

a) Draw separate free-body diagrams
of each block, the string, and the
system of the two blocks and rod.

b) Write separate equations for lin-
ear momentum balance for each
block, the string, and the system
of blocks and rod.

c¢) What is the acceleration of the
center of mass of the two blocks?

d) What is the force in the rod?

e) What is the speed of the center of
mass for the two blocks after they
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have traveled a distance d down
the slope, having started from rest.

f) How would your solutions to parts
(a) and (c) differ if the two blocks
were interchanged with the slip-
pery one on top?

Problem 14.9
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v= \/ng(sin(e) - %/xcos(e))

The upper block would push the lower
one down the ramp so the rod tension
would be rod compression. But the ac-
celeration would be unchanged.
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14.2.10 Coin on a car on a ramp. A m.,&,1,6 and j.

student engineering design course asked b) What coefficient of friction u is
students to build a cart (mass = m,) that required (the smallest that will
rolls down a ramp with angle 6. A small work) to keep the small mass from
weight (mass m,, < m,)is placed on top sliding as the cart rolls down the
of the cart on a surface tipped with re- slope? Answer in terms of some
spect to the cart (angle ¢). Assume the or all of m,, m,, g,6, and ¢.

small mass does not slide. Assume mass- core

less wheels with frictionless bearings. iis ¢) What angle ¢ will allow a small

mass to ride on the cart with

the smallest coefficient of friction?

a) Find the acceleration of the cart. Answer in terms of some or all of
Answer in terms of some or all of m,, m,, g, and 6.

horizontal and j is vertical up.
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14.2.11 Guyed plate on a cart A uni- 20 ) Ln
form rectangular plate ABCD of mass m \ B C E !
is supported by a rod DE and a hinge ¢ )—}F

joint at point B. The dimensions are as &

shown. There is gravity. What must the Problem 14.11: Uniform plate supported

acceleration of the caFt be m order for by a hinge and a cable on an accelerating
massless rod DE to be in tension? cart
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Problem...
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HW3 P38 &4.2.11 Teaya 5543
Based on 2009 gelution

uniform Fla-}e, and  massiess
rod on a cort.

Id 7l s 14

Find @ of co+ 4or rod DE 4 be in +ension.

Vote :

. All prts ore 'l'm:slaﬁrg to the right with  no vertical motion or
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2. Acelecation of plate = accelerution of cadt.

3. Mo wertical occeleration of plate or cort.
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@ AMB about &
(6 is located ot centroid of plate gince 45 uniform)

(no rotation of P(a'h’- as Q(P(amea{ in Note # 1)
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Problem 14.2.12

17

14.2.12 A uniform rectangular plate of
mass m is supported by two inextensible
cables AB and CD and by a hinge at point
E on the cart as shown. The cart has ac-
celeration a, i due to a force not shown.
There is gravity.

a) Draw a free-body diagram of the
plate.

b) Write the equation of linear mo-
mentum balance for the plate and
evaluate the left hand side as ex-
plicitly as possible.

c) Write the equation for angular
momentum balance about point E

ID) Lineay

A
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and evaluate the left hand side as
explicitly as possible.
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14.2.13 A uniform rectangular plate of |
. . X B

mass m is supported by an inextensible G |C t
cable CD and a hinge joint at point E on J e E 2?
the cart as shown. The hinge joint is at- |
tached to a rigid column welded to the 7

floor of the cart. The cart is at rest. There

is gravity. Find the tension in cable CD. ! ! “
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14.2.14 A uniform rectangular plate of
mass m is supported by an inextensible
cable AB and a hinge joint at point E on
the cart as shown. The hinge joint is at-
tached to a rigid column welded to the
floor of the cart. The cart has accelera-
tion a,i. There is gravity. Find the ten-
sion in cable AB. (What’s ‘wrong’ with
this problem? What if instead point B
were at the bottom left hand corner of the
plate?)
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#39 Solution Michelle deSouza
14.2.14 A uniform rectangular plate of

mass m is supported by an inextensible ca- N
ble AB and & hinge joitat point E ot ~ TA

cart as shown. The hinge joint is attached )
o a rigid column welded to the floor of the 9
cart. The cart has acceleration a . There

is gravity. Find the tension in cable A 8. . _9__
{What's “wrong” with this problem? What
if instead point 8 were at Iln: bottom lefi T
hand comer of the plae?) * &®
e G
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e | /
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2b
—b—

C D
14.2.15 A block of mass m is sitting on d
a frictionless surface and acted upon at E | P
point E by the horizontal force P through eG — 2d
the center of mass. Draw a free-body dia-
gram of the block. There is gravity. Find A B \
a) the acceleration of the block and b) re- - |
actions on the block at points A and B. Problem 14.15

Answer:
a) G, = —i with i to the right. b) R, =
m

Ry = %j, with j upwards

Huw # L TA : GovIND  MENOAN Page '
TAM 202 , SPRiING 1995

5 : 25

2:1) C i

Magg m eon a
f(n.c*xor\I(S\S Su‘rf&(c

Lnear  Momentmr Balance -

A

IS = &L E = Aaj+"5a(’}‘ —rg p + P2

= CA5+/Sa —M?>J + PT

(n) LHg o 4 AA&MM M om enFrana P;alau«celak A -
LHS = Z’:‘./A e %J g) + (ragx C PR "’“ﬁj))
- (2b@a _bmgq-w)§

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.




24 Chapter 14. 2. 1D motioniuuoduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem 14.2.16

14.2.16 Reconsider the block in prob-
lem 14.2.15. This time, find the acceler-
ation of the block and the reactions at A
and B if the force P is applied instead at
point D. Are the acceleration and the re-

actions on the block different from those
found when P is applied at point E?

Answer: »
The acceleration is still @; = —i. But
m
the reactions are changedtoR, = % =
4z and R, = 2 LT
b2 2 b2
4
A A 4 "
oy a &
, Fal A
‘o4 J ; / —
(f\i‘f'Ng)J—rﬂgJ = ,ﬂacn
P -
%45 — 3 A
) Aepn _P i
m
Ny N, = m
g ()

Mo und

balancs ab oul P ank ¢

A .
(Nab = Nb) R - 2pd £ - 0

N. - x o
,-MN = 2Pk Gi)
b

S’a_\fw'nﬁ () and (i) we gal

Na

Disclaimer: We have lost track of the many people who wrote these solutions.
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and B.
14.2.17 A block of mass m is sitting on a 2b
frictional surface and acted upon at point ‘ f—b— P
D by the horizontal force P. The block C Dt I
is resting on a sharp edge at point B and ‘ d ‘
is supported by an ideal wheel at point ) El_ | 2d

A. There is gravity. Assuming the block
is sliding with coefficient of friction u at \
point B, find the acceleration of the block B

and the reactions on the block at points A Problem 14.17

1352411

LY - sy Pt MNad Ng - Mgl
Fosce balance G = )
Z F- 3 R e S

A

Pi - 2 A A
‘ MNg b+ (N FNB"”‘?JJ =ma, t

= P g, i
it — ()

a

N, + Ny = mg — (W)
mamard- bolerce  about- point Vg su'v'eg.
N :’\_ A .t =

gb Kk~ Nybk - Pl2d)k = o [ block et .u.'rn_h'r‘ﬁj
=P Nié_Nr\' 2‘_&{ -"——(}IH)
- 3

4&0’\1;'\3. 1\!I) ard L:I-.Fl.) %ﬂ MNa and NB ﬂ’“{&g

- m
N = 32 4%“_{ 7ol = ff;_i =

Bym o ToBE &

s &

b

Py = m & _ — A
Mg = (E&_Ed)l ) NB-‘(T}.%+P%—)-_J
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14.2.18 A force F. is applied to the cor- and d. F
ner C of a box of weight W with dimen- x‘% 2b
sions and center of gravity at G as shown 6

in the figure. The coefficient of sliding
friction between the floor and the points
of contact A and B is u. Assuming that
the box slides when F. is applied, find
the acceleration of the box and the reac-
tions at A and B in terms of W, F, 6, b,

-

132. 18

WA, 47
f

Feser balorce

Z F= IY’!(I:-M

F; 65@3 » (128 4 A B
e ¢ Sng |~ MUNa#Ng) e +(Ng "NB‘WJJ'— ma i

o

Do = F:_CU_SG & H(ler\“B)
—~ L

s )

NatNg = w + Fe ing  — Lii)
Moment balanie  aboul point A a.ive-i

~ Fe0s6 (bed) K + Nal2b) k- wib) k - o

- Wb + Feo
Nz ___+_far_z_sg(b+dj

Ng = Lot Fe w36 (bid)

2 b

— (i)

/’SLﬂwlha- (1) and (fn) [V g}k

Na= W+ e [sine - (b{—ﬁ(.) w:a]
Zb

Qee K wsg - o (N—n- £, Eine]
m
a4, = E:n[cm@ - M &inE) - KW

m
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Problem 14.2.19
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14.2.19 A uniform rod with mass m,
rests on a cart (mass m,) which is being
pulled to the right. The rod is hinged at
one end (with a frictionless hinge) and
has no friction at the contact with the
cart. The cart is rolling on wheels that
are modeled as having no mass and no
bearing friction (ideal massless wheels).
Answer in terms of g, m,, m,, 6 and F.
Find:

a) The force on the rod from the cart

b) The force on the rod from the cart

at point A.
A
6
B F
C D >

Problem 14.19

at point B.
I\?)z;\"j‘]
- v rnl | 1
( 4f
From FBD ()
i il ; M
EY 4 (p :
{kHLQ])J —(m'“{f-m{:)g:r\ '—(mrpm) a
X, . F
8 =
) 1)
Evom  EBD (i)
RA \? 18 2 "
. b b By TNE T = W,
Rﬂ".{ = m"F

Mainok” balénts abast-pomt 2 gives M

M9 Lging K 4 Ryt -4 ~ 33
1 5 sin + Bl xinp ¥k - ( L wose | '*%_J'“"-”Q’)K(m‘a A

Disclaimer: We have lost track of the many people who wrote these solutions.
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Bl ¥, 8
= ™ o o .
2

Rny = my?. - Rg = M r_f__ Ay )

= 2 tan® My ¢
RP( E {_ m’ ) A s
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e
o ) - X 1 tan@
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14.2.20 The box shown in the figure is contact point O.
dragged in the x-direction with a con-

stant acceleration @ = 0.5m/s’i. At Y
the instant shown, the velocity of (every
point on) the box is © = 0.8 m/si.

m=2kg

a) Find the linear momentum of the 2m

box.

b) Find the rate of change of linear
momentum of the box.

¢) Find the angular momentum of Im \ 30°
the box about the contact point O.

d) Find the rate of change of angular

momentum of the box about the Problem 14.20

13-2.20
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= N5y 0'834¢ X2x05 K e
s B Edbi i =
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) Hip = Yamgy XM Qe
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Problem 14.2.21
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14.2.21 The groove and disk accelerate
upwards, @ = aj. Neglecting gravity,
what are the forces on the disk due to the
groove?

Problem 14.21

12-2. 24
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Fore balarwe

A P A

A ! e
N)‘yAnEfli-'ﬂ"g Jj = moe

A M
N, cos B, J ¢ N, S&n®, L & Ny tose, |-

N, aen @, - i'\!J An@,

Ny s, + Ny tof8, = "“U S

lgred

N, -
tof 0, + Lol ("‘*_""_Q_'.)
Len,
N, = m (9m) A B,
e e
cos & = Wgiajadaa,.

i .S'.nQL + (ag@)_/y‘nél
Sin o+ GL)

T(3+e) sins,

Lin {Qr'* @;_)

Lo
) 6‘-‘“1/% en dok o b 3-_.13.;.4 are

—

N, _ mf@m) AlnB,
\ [4:{}9‘ i + (cc@,j]
&n(@.f—@;_)
N, ™ (g4a) Ainb [ A
S T AnG | 4 otos e, j\]
in (0, 46,)

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.



Chapter 14. 2. 1D motion...

Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem 14.2.22
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14.2.22 The following problems concern
abox that is in the back of a pickup truck.
The pickup truck is moving forward with
acceleration of a,. The truck’s speed is v,.
The box has sharp feet at the front and
back ends so the only place it contacts the
truck is at the feet. The center of mass of
the box is at the geometric center of the
box. The box has height h, length ¢ and
depth w (into the paper.) Its mass is m.
There is gravity. The friction coefficient
between the truck and the box edges is
H.

In the problems below you should
express your solutions in terms of the
variables given in the figure, ¢, h, u, m,
g, a,, and v,. If any variables do not enter
the expressions comment on why they do
not. In all cases you may assume that the
box does not rotate (though it might be
on the verge of doing so).

a) Assuming the box does not slide,
what is the total force that the
truck exerts on the box (i.e. the
sum of the reactions at A and B)?

b) Assuming the box does not slide
what are the reactions at A and
B? [Note: You cannot find both of
them without additional assump-
tions.|

¢) Assuming the box does slide, what

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.

= m I-” g¢
T ]

is the total force that the truck ex-
erts on the box?

d) Assuming the box does slide, what
are the reactions at A and B?

e) Assuming the box does not slide,
what is the maximum accelera-
tion of the truck for which the
box will not tip over (hint: just
at that critical acceleration what is
the vertical reaction at B?)?

f) What is the maximum accelera-
tion of the truck for which the
block will not slide?

g) The truck hits a brick wall and

stops instantly. Does the block tip
over?
Assuming the block does not tip
over, how far does it slide on the
truck before stopping (assume the
bed of the truck is sufficiently
long)?

1g i L y‘—

P~

~

Problem 14.22

i A b

L g '|
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Problem...
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Problem 14.2.23

14.2.23 A collection of uniform boxes
with various heights h and widths w
and masses m sit on a horizontal con-
veyer belt. The acceleration a(t) of the
conveyer belt gets extremely large some-
times due to an erratic over-powered mo-
tor. Assume the boxes touch the belt at
their left and right edges only and that
the coefficient of friction there is u. It is
observed that some boxes never tip over.
What is true about u, g, w, h, and m for

the boxes that always maintain contact
at both the right and left bottom edges?
(Write an inequality that involves some
or all of these variables.)

1 [

Problem 14.23
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Problem 14.2.24
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14.2.24  After failure of her normal
brakes, a driver pulls the emergency
brake of her old car. This action locks the
rear wheels (friction coefficient = ) but
leaves the well lubricated and light front
wheels spinning freely. The car, braking
inadequately as is the case for rear wheel
braking, hits a stiff and slippery phone
pole which compresses the car bumper.
The car bumper is modeled here as a lin-
ear spring (constant = k, rest length =
l,, present length = [). The car is still
traveling forward at the instant of inter-
est. The bumper is at a height h, above
the ground. Assume that the car, except-
ing the bumper, is a non-rotating rigid

13-2 24

—-“ﬂO(_? = —Iﬁ.[fc"{c'}i\ —’.LN,? ¥ng +MNg)

body and that the wheels remain on the
ground (that is, the bumper is compliant
but the suspension is stiff).

« What is the acceleration of the car
intermsofg, m, u, lf, L.k, h,h

cm?

ly, and I (and any other parame-
ters if needed)?

Problem 14.24
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14.2.25 Car braking: front brakes
versus rear brakes versus all four
brakes. What is the peak deceleration of
acarwhen you apply: the front brakes till
they skid, the rear brakes till they skid,
and all four brakes till they skid? As-
sume that the coefficient of friction be-
tween rubber and road is u = 1 (about
right, the coefficient of friction between
rubber and road varies between about .7
and 1.3) and that g = 10 m/s? (2% error).
Pick the dimensions and mass of the car,
but assume the center of mass height h
is greater than zero but is less than half
the wheel base w, the distance between
the front and rear wheel. Also assume
that the CM is halfway between the front
and back wheels (ie, I, = I, = w/2).
The car has a stiff suspension so the car
does not move up or down or tip appre-
ciably during braking. Neglect the mass
of the rotating wheels in the linear and
angular momentum balance equations.
Treat this problem as two-dimensional
problem; i.e., the car is symmetric left to
right, does not turn left or right, and that
the left and right wheels carry the same
loads. To organize your work, here are
some steps to follow.

a) Draw a FBD of the car assum-
ing rear wheel is skidding. The
FBD should show the dimensions,
the gravity force, what you know
a priori about the forces on the
wheels from the ground (i.e., that
the friction force F, = uN,, and
that there is no friction at the front
wheels), and the coordinate direc-
tions. Label points of interest that
you will use in your momentum
balance equations. (Hint: also
draw a free-body diagram of the
rear wheel.)

b) Write the equation of linear mo-
mentum balance.

c) Write the equation of angular
momentum balance relative to a
point of your choosing. Some par-
ticularly useful points to use are:

« the point above the front
wheel and at the height of
the center of mass;

« the point at the height of the
center of mass, behind the
rear wheel that makes a 45
degree angle line down to
the rear wheel ground con-
tact point; and

« the
point on the ground straight
under the front wheel that is
as far below ground as the

wheel base is long. Disclaimer: wanate Gyigkby fpeizontybegliskikldingse these solutions.
They are not offiCarstdpsedt marhernateitoediontenxdars for correctness.

d) Solve the momentum bal-
ance equations for the wheel con-

tact forces and the deceleration of
the car. If you have used any or all
of the recommendations from part
(c) you will have the pleasure of
only solving one equation in one
unknown at a time.

e) Repeat steps (a) to (d) for front-
wheel skidding. Note that the ad-
vantageous points to use for an-
gular momentum balance are now
different. Does a car stop faster or

slower or the same by skidding the
front instead of the rear wheels?
Would your solution to (e) be dif-

ferent if the center of mass of the
car were at ground level(h=0)?

f) Repeatsteps(a)to(d)for all-wheel
skidding. There are some short-
cuts here. You determine the car
deceleration without ever know-
ing the wheel reactions (or us-
ing angular momentum balance)
if you look at the linear momen-
tum balance equations carefully.

g) Does the deceleration in (f) equal
the sum of the decelerations in (d)
and (e)? Why or why not?

h) What peculiarity occurs in the so-
lution for front-wheel skidding if
the wheel base is twice the height
of the CM above ground and u =
1?

i) What impossibility does the solu-
tion predict if the wheel base is
shorter than twice the CM height?
What wrong assumption gives rise
to this impossibility? What would
really happen if one tried to skid a
car this way?

Problem 14.25

Answer:
(d) Normal reaction at rear wheel:
N, = TE® _  normal reaction at front
2(hu+w)
wheel: Ny =mg— 8%  deceleration
2(hu+w)
f car: ===t
of car: a,,, )

(e) Normal reaction at rear wheel: N, =

mg — 8% normal reaction at front
2(w—uh)
wheel: N, = 8L deceleration
2(w—uh)
ugw
of car: a = ————. Car stops
car 2Aw—ph) p

wheel skidding if h = 0.
(f) Normal reaction at rear wheel: N, =

—uh .
M, normal reaction at front

w
wheel: N = w, deceleration of
w

~are vy -_—  ITCY

Problem 14.2.25
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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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Ne = mg— mqw z g = g

B T \ / 2_‘[ \ ls
3[\ (2_»#%)] 222 5 s wpleed
.. N i s
So, S m=1 | e
Ny-= wm W . Ao adl [e
v | , [ , :2’/‘%})] <. 0 | ftega'h\'fr :

G % votkng abad” Gt whel ,

Disclaimer: We have lost track of the many people who wrote these solutions.
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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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 Solve,

| AMBJ, = Fing = (@-Rmi =[x - 5371

iLMBE-? = -uNe=pxX = A = *m]--' ;

‘R)r =1 _NP:_Z—)%‘:—::_ 3 ) y S5 4 ;

fins Y > Neele -mg=0 = Nezmg-Ne |

ﬁ)r {:ran\' s‘a‘

s .x % a Iwrae/r neqahle, nmeLﬁr 9‘0!\““ whee| sk

e I ST TN

' h=0: both hawe %= 920> they ¢}

>
1 1 25 Y 5 \
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'N-" Mc = mx

{mf-; —|Ne * Ny g = O

|

|

I

|

|
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i 3

Ne+ Ne -~ mg 0 = Ne+Ne = mg

—(NP+NE) = m§ - - mg): m; -> i:‘——g

Hov‘bde/r) we sHil need one mare eqvuakvn (AN\B)
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 Solve
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AMBy, : 20 Ne ‘J?ng = hm} —> | Ng = - 27 1
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L
3
Poy

LMB: Np+Ne =mg — Np = mg-Ne

£ N l
- _ Mmg(h+1)
Ne= mg-—0p
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51

14.2.26 Assuming massless wheels, an
infinitely powerful engine, a stiff suspen-
sion (i.e., no rotation of the car) and a co-
efficient of friction u between tires and
road,

a) what is the maximum forward ac-
celeration of this front wheel drive
car?

b) what is the force of the ground on
the rear wheels during this accel-
eration?

12226

a) frb‘—t)

c) what is the force of the ground on
the front wheels?

Problem 14.26

Answer:
(a) Hint: the answer reduces to a =
¢,g/h in the limit 4 — o0.]

[t o

J[A wast, = A,

Foree balonce
L fr. = Hng
Nadt Ng = my
momend-  bolorus  abpuls A ?-4'\-:%
,mgh + “"*{J’) =~ mak

dr\f‘w} = IU'AJq

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 14.2.27
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14.2.27 Attime t = 0, the block of mass
m is released from rest on the slope of an-
gle ¢. The coefficient of friction between
the block and slope is u.
a) What is the acceleration of the
block for u > 0?
b) What is the acceleration of the
block for u = 0?
¢) Find the position and velocity of
the block as a function of time for
u>0.
d) Find the position and velocity of
the block as a function of time for
u=0.

Problem 14.27

Answer:

(a) @ = g(sing — ucos )i, where i is

parallel to the slope and pointing down-

wards

(b)a = gsing

(c) v = g(sing — ucosp)ti, ¥ =
24

g(sing — pcos§)=

(d)v=gsingti, 7 = gsin¢§i
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Disclaimer: We have lost track of the thany people who wrote these solutions.

They are not official and have not been reviewed by the authors for correctness.
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14.2.28 A small block of mass m, isre-  Plock after ¢ seconds have passed?

leased from rest at altitude h on a fric-
tionless slope of angle . At the instant of
release, another small block of mass m, is
dropped vertically from rest at the same
altitude. The second block does not in-
teract with the ramp. What is the veloc-
ity of the first block relative to the second Problem 14.28

12. 228

Force batonc gives
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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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14.2.29 Block sliding on a ramp with ¢) Assuming 6 = 80° and u =
friction. A square box is sliding down can the box slide this way or would
a ramp of angle 6 with instantaneous ve- it tip over? Why?

locity vi’. Assume it does not tip over.

a) What is the force on the block
from the ramp at point A? An-
swer in terms of any or all of 6,
¢, m, g U, v, i, and j. As a
check, your answer should reduce
0 %j’when@ =u=0.

b) In addition to solving the problem
by hand, see if you can write a set Problem 14.29
of computer commands that, if 6, A
. nswer:
u, ¢, m, v and g were specified, R _ (-pwmgcoso o
would give the correct answer. (a) 2 (' — pt).
(c) No tipping if N,

(1 pymg cos 6 >0

i.e., no tipping if u < 1 since cos6 > 0
for0 <6 < %.(Here u=0.9)

4 X(= mi/) b Loy X (NAJ"-MrJ‘é'>
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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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14.2.30 A coin is given a sliding shove up
a ramp with angle ¢ with the horizontal.
It takes twice as long to slide down as it
does to slide up. What is the coefficient of
friction u between the coin and the ramp.
Answer in terms of some or all of m, g, ¢
and the initial sliding velocity v.
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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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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 14.2.31

14.2.31 A skidding car. What is the
braking acceleration of the front-wheel
braked car as it slides down hill. Express
your answer as a function of any or all of
the following variables: the slope 6 of the
hill, the mass of the car m, the wheel base
¢, and the gravitational constant g. Use
u=1

Problem 14.31: A car skidding downhill
on a slope of angle 6

) J = mey T

2 rﬂ%" Log ¢
UL 8
4

o aria

Answer:
. . 1
braking acceleration= g(; cosf® —
sin 6).
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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 14.2.32

14.2.32 Two blocks A and B are pushed
up a frictionless inclined plane by an ex-
ternal force F as shown in the figure. The
coefficient of friction between the two
blocks is 4 = 0.2. The masses of the two
blocks are m, = 5kgand m; = 2kg.
Find the magnitude of the maximum al-
lowable force such that no relative slip

13:2.32

Slq‘ﬂl atukrotion  of blockr 14 ot

Han

s A A ..
"mag-,a'J +HAN LN = ma

occurs between the two blocks.
u=0

u=0.2

Problem 14.32
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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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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 14.2.33

14.2.33 A beadslides on a frictionless
rod. The spring has constant k and rest
length ¢,,. The bead has mass m.

a)

b)

Given x and x find the accelera-
tion of the bead (in terms of some
or all of D,¢,x,X,m,k and any
base vectors that you define).

If the bead is allowed to move,
as constrained by the slippery rod
and the spring, find a differen-
tial equation that must be satis-
fied by the variable x. (Do not try
to solve this somewhat ugly non-
linear equation.)
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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) In the special case that £, = 0*
find how long it takes for the block
to return to its starting position af-
ter release with no initial velocity
at x = Xx,.

Problem 14.33
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Disclaimer: We have lost track of the many people who wrote these solutions.
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14.2.34 A bead oscillates on a straight d) For this special case (¢, = 0) solve
frictionless wire. The spring obeys the the equation in (a) and show the
equation F = k (¢ — ¢,), where ¢ = result agrees with (b) in this spe-
length of the spring and ¢ is the ’rest’ cial case.

length. Assume

x(t =0) =x, x(t=0)=0.

a) Write a differential equation satis- D
fied by x(t).

b) What is x when x = 0? [hint:
Don’t try to solve the equation in 7
()]

¢) What is the simplification in (a) if Problem 14.34
¢, = 0 (spring is then a so-called

“zero-length” spring).
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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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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 14.2.35

14.2.35 A cart on an elastic leash. A
cart B (mass m) rolls on a frictionless
level floor. One end of an inextensible
string is attached to the cart. The string
wraps around a pulley at point A and
the other end is attached to a spring with
constant k. When the cart is at point
O, it is in static equilibrium. The spring
relaxed length, rope length, and room
height h are such that the spring would
be relaxed if the end of rope at B were dis-
connected from the cart and brought up
to point A. The gravitational constant is
g. Thecartis pulled a horizontal distance
d from the center of the room (at O) and
released.

a) Assuming that the cart never
leaves the floor, what is the speed
of the cart when it passes through
the center of the room, in terms of

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.

m, h, g and d.

b) Does the cart undergo simple har-
monic motion for small or large
oscillations (specify which if ei-
ther)? (Simple harmonic motion
occurs when position varies sinu-
soidally with time.)

Problem 14.35
Answer:
(a)v = d\/Z .
(b) The ca;nt undergoes simple har-
monic motion for any size oscillation.
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(0]

14.2.36 The cart moves to the right

with constant acceleration a. The ball A

has mass m. The spring has unstretched 0

length ¢, and spring constant k. Assum-
ing the ball is stationary with respect to

the cart find the distance from O to A in 5 5
terms of k, ¢, and a . [Hint: find 6 first.] &

Problem 14.36
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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 14.2.37

14.2.37 Consider a person, modeled as
a rigid body, riding an accelerating mo-
torcycle (2-D). The person is sitting on
the seat and cannot slide fore or aft, but
is free to rock in the plane of the mo-
torcycle (as if there were a hinge con-
necting the motorcycle to the rider at the
seat). The person’s feet are off the pegs
and the legs are sticking down and not
touching anything. The person’s arms
are like cables (they are massless and
only carry tension). Assume all dimen-
sions and masses are known (you have
to define them carefully with a sketch
and words). Assume the forward accel-
eration of the motorcycle is known. You
may use numbers and/or variables to de-
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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.

scribe the quantities of interest.

a) Draw aclear sketch of the problem
showing needed dimensional in-
formation and the coordinate sys-
tem you will use.

b) Draw a Free-Body Diagram of the
rider.

c) Write the equations of linear and
angular momentum balance for
the rider.

d) Find all forces on the rider from
the motorcycle (i.e., at the hands
and the seat).

e) What are the forces on the motor-
cycle from the rider?

Ly [ Ains ang +eosa cosd |
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14.2.38 Acceleration of a bicycle on
level ground. 2-D . A very compact bi-
cycler (modeled as a point mass M at the
bicycle seat C with height i, and distance

b) (Harder) Assuming the rider can
push arbitrarily hard but that u =
1, what is the maximum possible
forward acceleration of the bicy-

b behind the front wheel contact), rides cle.
a very light old-fashioned bicycle (all M
components have negligible mass) that . 7. g
is well maintained (all bearings have no c l
frictional torque) and streamlined (ne-
glect air resistance). The rider applies a h=2R
force F, to the pedal perpendicular to the Il
pedal crank (with length L_). No force is \/i,C 1
applied to the other pedal. The radius of R,
the front wheel is R. !
a) Assuming no slip, what is the Al \Z»\B
forward acceleration of the bicy- a
cle? [ Hint: draw a FBD of the Problem 14.38
front wheel and crank, and an- Answer:
other FBD of the whole bicycle- (@) a,,, = L=
. bike .
rider system.] sy ca
(b) max(abike):m.
s 3.34 y 3.34 cold
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Disclaimer: We have lost track of the many peoplé who wrote these solutions.

They are not official and have not been reviewed by the authors for correctness.

Problem 14.2.38
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14.2.39 A 3201bm mass is attached at the
corner C of a light rigid piece of pipe bent
as shown. The pipe is supported by ball-
and-socket joints at A and D and by ca-
ble EF. The points A, D, and E are fas-
tened to the floor and vertical sidewall of
a pick-up truck which is accelerating in
the z-direction. The acceleration of the
truck is @ = 5ft/s?k. There is gravity.
Find the tension in cable EF.

ball &
/ socket
.C 15

3~

Problem 14.39

Answer:
Tpp = 640y/21bf.

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 14.2.40

14.2.40 A 5ft by 8ft rectangular plate
of uniform density has mass m = 10 lbm
and is supported by a ball-and-socket
joint at point A and the light rods CE,BD,
and GH. The entire system is attached
to a truck which is moving with accel-
eration @;. The plate is moving without
rotation or angular acceleration relative
to the truck. Thus, the center of mass
acceleration of the plate is the same as
the truck’s. Dimensions are as shown.
Points A, C, and D are fixed to the truck
but the truck is not touching the plate at
any other points. Find the tension in rod
BD.

a) Ifthe truck’s acceleration is a,,, =
(5ft/s?)k, what is the tension or
compression in rod BD?

b) If the truck’s accelerationisa , =

(5ft/s?)j + (6ft/s)k, what is
the tension or compression in rod
GH?

Problem 14.40

Answer:
(a) Tpp = 92.61bm - ft/s?

(b) Ty = 5V/611bm - ft/s2.

3.49 A 5ft by 8ft rectangular plate of uniform’ density has weight W and is
supported by a ball-and-socket joint at point A and the cables CE, BD, and
GH. The entire system is attached to a truck which is moving with acceleration
in the z-direction, 8 = 5ft/s? k. Points A, C, and D are fixed to the truck but
the truck’ is not touching the plate at any o(her points. Find the tension in

cable 8D,
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tions.
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14.2.41 Hanging a shelf. A shelf with
negligible mass supports a 0.5 kg mass at
its center. The shelf is supported at one
corner with a ball and socket joint and
at the other three corners with strings.
At the instant of interest the shelfisin a
rocket in outer space and accelerating at
10m/s? in the k direction. The shelfis in
the xy plane.

a) Draw a FBD of the shelf.

b) Challenge: without doing any cal-
culations on paper can you find
one of the reaction force compo-
nents or the tension in any of the
cables? Give yourself a few min-
utes of staring to try this approach.
Ifyou can’t, then come back to this
question after you have done all
the calculations.

¢) Write down the linear momentum
balance equation (a vector equa-
tion).

d) Write down the angular momen-
tum balance equation using the
center of mass as a reference
point.

e) By taking components, turn (b)
and (c) into six scalar equations in
six unknowns.

f) Solve these equations by hand or
on the computer.

g) Instead of using a system of equa-
tions try to find a single equation
which can be solved for T;. Solve
it and compare to your result from
before.

h) Challenge: For how many of the
reactions can you find one equa-

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.

tion which will tell you that par-
ticular reaction without knowing
any of the other reactions? [Hint,
try angular momentum balance
about various axes as well as linear
momentum balance in an appro-
priate direction. It is possible to
find five of the six unknown reac-
tion components this way.] Must
these solutions agree with (d)? Do
they?

Problem 14.41

Answer:

(b) Tz =0 .

(©) (Re, =Typ)i+(Re - %)j+(THE +
R + TGT;J)I} = mi = 10Nk.

@2 Mcm = (T%_ HE _Rcz)i+(RcZ_

T, a T £
% —Typ)j+(T 5 +Rc, —Rcy = %)k =

0
(e)
Ry =Ty =0
T
Rcy—%=0
2
T
Ro + =2 4Ty, =5N
2
T
—TEH+%—RCZ =0
T
Ty — =2 +R, =0

T _ T
AB

V2

() Re, = 5N, R; = 5N, R;, = 5N,

%N’ Tpy =0N, T,z =5N.
(g) Find moment about CD axis; e.g.,
(XM =¥, X ma,,) - Acp, where

+Re, —Rg, =0

Tep =

Acp is a unit vector in the direction of
axis CD.

Problem 14.2.41
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— 30— 30 —4
—A —
14.2.42 A uniform rectangular plate of 20
mass m is supported by an inextensible B :
cable CD and a hinge joint at point E on N o0 C 2%
the cart as shown. The hinge joint is at- J L E |
tached to a rigid column welded to the .
floor of the cart. The cart has accelera- l
tion a,i. There is gravity. Find the ten- a=a.l

sion in cable CD. ! “

Problem 14.42
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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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14.2.43 The uniform 2kg plate DBFH
is held by six massless rods (AF, CB, CF,

GH, ED, and EH) which are hinged at » G
their ends. The support points A, C,
G, and E are all accelerating in the x- E F 1m
direction with acceleration @ = 3m/st.
There is no gravity. D C
y
a) Whatis{D, F}- i for the forces act- 1m
ing on the plate?
A Im B
b) What is the tension in bar CB? X
Problem 14.43
ST
M 3. %3
A“ hurs ar€
" T% :i . 2 5 ForLE MC»\)E'S’
- | —— - A
Tng L k
i F -1- & )‘“
E "% T;c = ’\‘ J
«0‘ D »e
= |3 T
, 7 Tge 0 B = (B
A ( B
T 3 - ;—
FA Ja
(s V- [Z'E = L ]
I s
' F(ZE) = 0 Tee

~/F

i

2M,,

(\,\ Cle ver Axs 4;;’

= ]
= 7- M
S Y

27 {2

S ]

(e * 1)

4 \!

w(‘cr; peasS

wa )

PeAN
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TRAM 205
Femawerk Solution Due H/lofos
: taﬁaj |
T o let P bethe cevbroid of plate
=
S Plate OBFH has mass m-: 2 kg | held
1 by eix moassless rods:
L
AF, CB,CF,6H, ED, EH
RN
Ain Points A, C E 4G occelecate with

”’ e
o= 33 ('Y’»/ﬁg T

Q) SZFE-T: md L= (akg)(avp)= | 6 N

....«9
) To find Feg , foke enguier momentum balonce abost £

DM s Hp 2 (wﬁw‘% x N4 = E,:LCZ%&* )« (6t

o B[R @D D] = 3( 5 - k)
=3 ~

2 Mje = BN-m (5-k) ;

- - - - ) i e - hod
2 Mg = Twe * Tug * Cale* Tae* Colex Toe * Ce/exTpc
t gk R st T3k

) - §r ;
wmg‘tgo + Twe } g 1O **‘fs,:—,g\‘\ +Tae | 0 o1
> O o 10 Bl s ~L oo

i

Tie 1)+ Toe () + B (-0 ) + e D
v MED__@A -Ta ~ - ToE \ A - -~
o 3, be § (”ﬂ%w e - @)h = 353k

283 — ~Tee=? o TTee = - BN

OR :Té%{: 3<“3?N) t

Disclaimer: We have lost track of the many people who wrote these solutions.
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14.2.44 A massless triangular plate rests d=c+(1/2)b —d
against a frictionless wall of a pick-up
truck at point D and is rigidly attached
to a massless rod supported by two ideal
bearings fixed to the floor of the pick-up
truck. A ball of mass m is fixed to the cen-
troid of the plate. There is gravity. The
pick-up truck skids across a road with ac-
celeration @ = a,i + a,k. What is the
reaction at point D on the plate?

Problem 14.44

{2'5) L 1 % a
\(\J‘ A é " oMmeass Pa‘nf' IP’H "
A 2 %N .
¢ %
b &
o7
i
A
(&) F&b s
f mass  plate  apnag L - l':"/v,sﬁ’f\-w.
Rp .
——s /_<_A; IZA,(1+2A A+E A
H 2/\ - ‘<£ b\ Ji\ 2 k
} >\ e X +gdd‘eﬁz§
g w
% = (=m T
, ¢ ‘_;f,\.J
£ = @y (% |
-2 o L oo |
's frxc;u;r |Cs.3>
ey
LHS bi) AMG abouk avic A& Page 2
C Npte : M n i Sea t‘c‘(?
AM/A& = (z ‘\j'/A>' &A&. ( ﬂ/ﬂ i veetr it
A
Ieng San = "k
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“Lhs = Koo (QapX han) + _@M.(-Mgfx—@
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Froma e f{éufe ":E(:v'i'\ = - a/s
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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 14.2.45

14.2.45 Towing a bicycle. A bicycle
on the level xy plane is steered straight
ahead and is being towed by a rope. The
bicycle and rider are modeled as a uni-
form plate with mass m (for the conve-
nience of the artist). The tow force F ap-
plied at C has no z component and makes
an angle o with the x axis. The rolling
wheel contacts are at A and B. The bike is
tipped an angle ¢ from the vertical. The
towing force F is the magnitude needed
to keep the bike accelerating in a straight
line (along the y axis) without tipping
any more or less than the angle ¢. What
is the acceleration of the bicycle? Answer

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.

in terms of some or all of b, h,a, ¢, m, g
and j (Note: F should not appear in your
final answer.)

X
Problem 14.45
balanw o { LA
H =0
Feas A)(bhoosd) '| 2 mg Aad ]
F- MEMaP
2008 L34 J
1S ele ' ihe rey |
I .“.LJJ; 4N K |
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Problem 14.2.46
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14.2.46 An airplane is in straight level
flight but is accelerating in the forward
direction. In terms of some or all of the
following parameters,

+ m,,, = the total mass of the plane :

(including the wings), FBD of airlane 'ﬁ

« D= the drag force on the fuselage,
« F,= the drag force on each wing,
+ g= gravitational constant, and,

» T = the thrust of one engine.

a) What is the lift on each wing F,?
b) What is the acceleration of the

b Vo
lane a@,? b
pnea? . ~ 1
¢) A free-body diagram of one wing

is shown. The mass of one wingis ~ Froblem 14.46
m,,. What, in terms of m,,,, m,, Answer:

Fy, Fp, g a.b, ¢, and ¢ are the (@) F, = ~m,,g.

reactions at the base of the wing g R
(where it is attached to the plane), (b)a, = — [2(T - Fp) - D] 1.

tot

F=F,i+F,j+FkandM = © P =
M,i+M,j+Mk? [m—‘“(ZT—D—ZFD)—T+FD]i
Moy

+
(m,g—F,)jand M = (bF, —am, g)i+
[(bFD —cT+a>2Q2T -D — 2FD)] Jj.

m

gt = Ar=Ea R wlfioviag g 0 4 Fap — )

| [ ! o r|"-=T- R e Fa=T
e =2 mude — [T -Far Fu) =% = 7w | 1T B P
Lo
L
e - e
iy =% s

Disclaimer: We have lost track of the many people who wrote these solutions.
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M o ks balaner oboul baos QZ*.N‘\""\%

A A

L = F'Db+M1€)\?*‘(mwﬁjo~I:bbth) LMk o= Hio

@) T gves 0 Hes Flb- Muga

[y 1 gives My = Fob—Tet muw(37-P).a
Mk -

(_I-ﬁ‘)- :\ %iue% ; H,= 0
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14.2.47 A rear-wheel drive car on
level ground. The two left wheels are on
perfectly slippery ice. The right wheels
are on dry pavement. The negligible-
mass front right wheel at B is steered
straight ahead and rolls without slip. The
right rear wheel at C also rolls without
slip and drives the car forward with ve-
locity © = vj and acceleration @ = aj.
Dimensions are as shown and the car has
mass m . What is the sideways force from
the ground on the right front wheel at B?
Answer in terms of any or all of m, g, a,
b, ¢, w, and i.

cartoon to show
dimensions

Problem 14.47: The left wheels of this car
are on ice.

Answer:
wma .

sideways force = Fyi = a2
2

b 3,37
Reaction
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14.2.48 A somewhat crippled car answer. Credit depends on clear
slams on the brakes. The suspension explanation.)

springs at A, B, and C are frozen and keep
the car level and at constant height. The

Front wheels
roll without slip

Suspension at left rear

normal force at D is kept equal to N, wheel keeps normal
i i i force equal to N,
by the only working suspension spring L0 Np

which is on the left rear wheel at D. The
only brake which is working is that of
the right rear wheel at C which slides
on the ground with friction coefficient u. Right rear wheel
Wheels A, B, and D roll freely without locks with friction 1

slip. Dimensions are as shown.

a) Find the acceleration  of
the car in terms of some or all of
m,w,?,b,h,g,u, j,and Np,.

b) From the information given could
you also find all of the reaction
forces at all of the wheels? If so,
why? If not, what can’t you find Problem 14.48: Given normal force at D,
and why? (No credit for correct skidding at C.

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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