Introduction to Mechanics for Engineers — Ruina & Pratap

Ch 19 Section 19.1

19.1.1 A bead slides on a frictionless
circular hoop . The mass of the bead
Myeaq = 2 grams, mass of hoop mye,, =

momentum ?

c) Att = Owhatisthe bead’s angular
momentum about the origin?

1kg and radius of hoop Ry, = 3 m. Ne-

glect gravity. The center of the circular d) Att = 0 what s the bead’s accel-
hoop is the origin O of a fixed (Newto- eration?
nian) coordinate system Oxyz. The hoop e) Att = 0 what is the radius of the

is on the xy plane. The hoop is kept osculating circle of the bead’s path

from moving by little angels who let the 0?
bead slide by unimpeded. Att¢ = 0, the _ .
speed of the bead is 4 m/s, it is traveling b ﬁct)(fp:)notl"lz hl;l;alsvthe force of the

counter-clockwise (looking down the z-
axis), and it is on the +x-axis. There are
no other external forces applied.

a) Att = 0 what is the bead’s kinetic h)
energy ?

b) Att = 0what is the bead’s linear

g) Att = 0 what is the net force of
the angel’s hands on the hoop?
At t = 27s what is the x-

component of the bead’s linear
momentum?
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19.1.2 A warehouse operator wants to
move a crate of weight W = 1001b from
a 6ft high platform to ground level by
means of a roller conveyer as shown. The
rollers on the inclined plane are well lu-
bricated and thus assumed frictionless;
the rollers on the horizontal conveyer
are frictional, thus providing an effective
friction coefficient u. Assume the rollers
are massless.

a) What are the kinetic and potential
energies(pick a suitable datum) of
the crate at the elevated platform,
point A?

b) What are the kinetic and poten-
tial energies of the crate at the end
of the inclined plane just before
it moves onto the horizontal con-
veyor, point B?

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) Using conservation of energy, cal-
culate the maximum speed at-
tained by the crate at point B, as-
suming it starts moving from rest
at point A.

d) If the crate slides a distance x,
say, on the horizontal conveyor,
what is the energy lost to sliding
in terms of u, W, and x?

e) Calculate the value of the coeffi-
cient of friction, y, such that the
crate comes to rest at point C.

100 Ib
S
frictionless T
frictional 6 ft
C X B 0
| 24 ft f— 8 ft —

Problem 19.2
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Problem 19.1.3

19.1.3 On a wintry evening, a student
of mass m starts down the steepest street
in town, Steep Street, which is of height
h and slope 6. At the top of the slope she
starts to slide (coefficient of dynamic fric-
tion ).

a) What is her initial kinetic and po-

tential energy?

b) What is the energy lost to friction

as she slides down the hill?

c) What is her velocity on reaching

)

the bottom of the hill? Ignore
air resistance and all cross streets
(i.e. assume the hill is of constant
slope).

If, upon reaching the bottom of
the street, she collides with an-

14

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.

other student of mass M and they
embrace, what is their instanta-
neous mutual velocity just after
the embrace?

e) Assuming that friction still acts on
the level flats on the bottom, how
much time will it take before they
come to rest?

Problem 19.3

u
"o
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Problem 19.1.4

19.1.4 Reconsider the system of blocks
in problem ??, this time with equal mass,
m, = m, = m. Also, now, both blocks
are frictional and sitting on a frictional
surface. Assume that both blocks are
sliding to the right with the top block
moving faster. The coefficient of friction
between the two blocks is u;. The coeffi-
cient of friction between the lower block
and the floor is u,. It is known that u, >

24,.

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)

©)

Draw free-body diagrams of the
blocks together and separately.

Write the equations of linear mo-
mentum balance for each block.

Find the accel-
eration of each block for the case
of frictionless blocks. For the fric-
tional blocks, find the acceleration
of each block. What happens if

My >> py?
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Problem 19.1.5

19.1.5 An initially motionless roller-
coaster car of mass 20 kg is given a hor-
izontal impulse f Fdt = Pi at position
A, causing it to move along the track, as
shown below.

a) Assuming that the track is per-
fectly frictionless from point A to
C and that the car never leaves the
track, determine the magnitude of
the impulse I so that the car “just
makes it” over the hill at B.

b) In the ensuing motion, assume
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that the horizontal track C-D is
frictional and determine the coef-
ficient of friction required to bring
the car to a stop at D.

Problem 19.5

2aster Cav ™ S ¢ Y
)
¥q
—dlr= 2
e Ll g 4
¢ O t-‘f-( r'" £
ovex e hil ot R
“'r';:.u\ e -~ Memon ruon yele R erak =
| -
e \ |
| 2N Ty ¥ ; ,"
-k V(YT vT)  (given
v C ‘
4 m Vv
A thaoeh Y v ool hence, aing
4 )
1Ce
A = B
tot ~ Lol
.,\ !
j S e b=
N - T |(} (2} \/ =
o, - f A
\¥ \ 20 259 &) ¢ = 494.18 NA
L& PR & \ VWOYY ne ¢
)
| e \ ¢
- M Vo o Vo = ¢
— MV, N
N
\ -
\/ M
\/ oblc 4 Avyom en { Baland
!
14\.
het ear | and
1a | ma - > ! Ma
25 M3 > MVe = Ve =J 9k
i to ke Cin ot D =0.671

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

They are no

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



Chapter 19. 1. Mechanics...

Introduction to Mechanics for Engineers «

Problem 19.1.6

© 2026 Andy Ruina & Rudra Pratap

11

19.1.6 Masses m; = 1lkg and m,kg
move on the frictionless varied terrain
shown. Initially, m, has speed v, =
12m/s and m, is at rest. The two masses
collide on the flat section. The coefficient
of restitution in the collision is e = 0.5.
Find the speed of m, at the top of the
first hill of elevation h; = 1m. Does m,

make it over the second hill of elevation
h, =4m?

Problem 19.6
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19.1.7 A Scotchyoke isa device for con- d) What condition must be met so
verting rotary motion into linear motion. that the bug does not bounce the
In this case it is used to make a horizon- platform?
tal platform go up and down. The mo- e) What is the maximum spin rate w
tion of the platform is y = A sin(wt) with that can be used if the bug is not to
constant w. A dead bug with mass m is bounce off the platform?
standing on the platform. Her feet have
no glue on them. There is gravity. bug /(platform

y

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

‘|

Peg fixed
to disc

) ) (Cr——e—)
b) What is the acceleration of the ; -

platform and, hence, the bug?

c) Write the equation of linear mo-
mentum balance for the bug.

Problem 19.7

1
18 1-7 'Bucj oNn oo Scoteh Yowg

(@ e
(b) ™Movon Q( T platform 4= ASnwt 1 i
’ = ) 1

S A \7\(,\\,[ oYm <‘L\[ e
" Ar =Y = AW Siawt
©

—
(E2)

(o\\ %ucj \-C>O’§t5 Contact with The p\cﬁfcxm ‘& The

( 2 \
C‘\..Clonw&qc\ accelevakion 'S GY¥eatey Hon 9 . (@ ‘/( N=0

155

| ; S
OY —)[\«-u\ bb«‘j T_PO\: ’.0 b(}u Ne e : ——‘\j- & (‘1
((:’\ SPIn yvare Limst
?\SCTYW (b)) end (A) i (- /\[Afl S n(ut] < C)

|

7\ ; | 7 ‘

Moy imum %?m 2 BT P_
A

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 19. 1. Mechanics... Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 19.1.8

13

19.1.8 A bug of mass m walks straight- b) What is the force exerted by the
forwards with speed v, and rate of rod on the support?

change of speed 0, on a straight light (as- c) What is the acceleration of the
sumed to be massless) stick. The stick is bug?

hinged at the origin so that it is always

horizontal but is free to rotate about the y
z axis. Assume that the distance the bug
is from the origin, ¢, the angle the stick
makes with the x axis, ¢, and its rate of
change, 45, are known at the instant of in-
terest. Ignore gravity. Answer the follow-
ing questions in terms of ¢, 45, t,m,v,,

and U,,.

a) What is ¢?

massless

X
frictionless hinge
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Problem 19.1.9

19.1.9 A new kind of gun. Assume
@ = w, is a constant for the rod in the fig-
ure. Assume the mass is free to slide. At
t = 0, the rod is aligned with the x-axis
and the bead is one foot from the origin
and has no radial velocity (dR/dt = 0).

a) Find a differential equation for
R(1).

b) Turn this equation into a differen-
tial equation for R(6).

¢) How far will the bead have moved
after one revolution of the rod?
How far after two?

d) What is the speed of the bead af-
ter one revolution of the rod (use
w, = 2w rad/s = 1rev/sec)?

e) How much kinetic energy does
the bead have after one revolution
and where did it come from?

y

R
>
Pl

Problem 19.9

Answer:
(a) R(t) — w2R(t) = 0.
(b) 229 _ r@@) = 0.

(¢) R(6 = 27) = 267.7ft, R(6 = 4n) =
1.43 x 10° ft.

(d)v = 1682.3ft/s

(e) Ex = (2.83 x 10°) x (mass)(ft/s)>.
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19.1.10 The new gun gets old and of Ry, Ry, w, m, i, &, &, 1, and j.
rusty. Reconsider the bead on a rod in b) After a ve lon
problem 19.1.9. This time, friction can- time it is observed tha?the anele g
not be neglected. The friction coefficient between the path of the bea dgan q
is u. At the instant of interest the bead the rod/trou IL s nearly constant
with mass m has radius R, with rate of What. in ter 1% sof 1. is glhis ¢ ’
change R,,. The angle 0 is zero and w is a ’ K )
constant. Neglect gravity. P —
a) What is R at this instant? Give (a) R = Ryw? — 2uR,w.
your answer in terms of any or all - L
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19.1.11 A newer kind of gun. As
an attempt to make an improvement
on the ‘new gun’ demonstrated in prob-
lem 19.1.9, a person adds a length ¢ to
the shaft on which the bead slides. As- L
sume there is no friction between the [ l
bead (mass m) and the wire. Assume the is
bead starts ats = 0 with § = v;. The rigid » ﬁ
rod, on which the bead slides, rotates at a

constant rate w = w,. Find s(¢) in terms

of ¢, m, v,, and w,. } E ‘
Problem 19.11
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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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19.1.12 Slippery bead on straight ro-
tating stick. A long stick with mass
m, rotates at a constant rate and a bead,
modeled as a point mass, slides on the
stick. The stick rotates at constant rate
@ = wk. Neglect gravity. The bead has
mass m,,. Initially the mass is at a dis-
tance R, from the hinge point on the stick
and has no radial velocity (R = 0). The
initial angle of the stick is 6 = 0, mea-
sured counterclockwise from the positive
X axis.

a) What is the torque, as a function
of the net angle the stick has ro-
tated, 6, required in order to keep
the stick rotating at a constant rate

b) What is the path of the bead in the
xy-plane? (Draw an accurate pic-
ture showing about one half of one
revolution.)

¢) How long should the stick be if
the bead is to fly in the negative x-
direction when it gets to the end of
the stick?

d) Add friction. How does the
speed of the bead over one rev-
olution depend on u, the coeffi-
cient of friction between the bead
and the wire? Make a plot of
IPone revolution | versus u. [Note,
you have been working with u = 0
in the problems above.]

Problem 19.1.12
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Problem...

18.1.12

Saturday, April 27, 2019 6:22 PM
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Disclaimer: We have lost track of the many people who wrote these solutions.
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b) Find path in X—\‘] ordnates h - reVo/whby,

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...
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% Problem 18.1.12 bead on straight rotating stick
clc;

clear;

close all;

% Parameters

mb = 1; % mass of the bead

ms = 2; % mass of the stick

RO = 1; % initially the bead is at a distance RO from the origin
omega = 1; % const rotating angular velocity

% the circular path of the initial point of the stick
angle = 0:pi/80:2*pi;

circlex = RO*cos(angle);

circley = RO*sin(angle);

plot(circlex,circley);

text(-2,0, 'the rotating circle of the stick');

hold on

axis equal

% Path of the bead

theta = 0:pi/80:pi; % half of the revolution

R = RO/2*(exp(theta)+exp(-theta)); % R in terms of theta
% in x-y coordinates

x = R.*cos(theta);

y = R.*sin(theta);

plot(x,y)

text(-4,4, 'the actual path of the bead');

title('Actual path of the bead on rotating stick without friction');

% speed vs mu with friction
mu = 0:0.02:1;

cl = -mu + sqgrt(mu.”2+1);

c2 = -mu - sqgrt(mu.”2+1);

A = - R0 * c2./(cl-c2);

B = RO * cl./(cl-c2);

figure

for theta = 0:pi/4:pi % make theta different for each plot

R = A.*exp(cl*theta) + B.*exp(c2*theta);
dRdtheta = RO.*cl.*c2/(cl-c2).*(exp(c2*theta) - exp(cl*theta));
v = omega*sgrt(R.”"2+dRdtheta.”2);
plot(mu,v)
hold on
end
title('speed of the bead vs mu with different theta');
xlabel('mu');
ylabel('sped of the bead');
legend('theta = 0', 'theta = pi/4','theta = pi/2', 'theta =
3*pi/4','theta = pi');

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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Actual path of the bead on rotating stick without friction
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They are not official and have not been reviewed by the authors for correctness.



24 Chapter 19. 1. MechanicSatwoduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem...

Published with MATLAB® R2018a
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H#67 Solution wichelle desouza

19.1.12 Slippery bead on straight rotat-
ing stick. A long stick with mass m ro-
tates al a constant rate and a bead, modeled
as a point mass, slides on the stick. The Wi
stick rotates at constant rate ® = wk. Ne- e p%
glect gravity. The bead has mass m . Ini- i

o>
—

C <

tially the mass is at a distance R from the pass S

hinge point on the stick and has no radial

velocity (R = 0). The initial angle of the Ro
stick is f# = 0, measured counterclockwise
from the positive x axis.

a) What is the torque, as a function of
the net angle the stick has rotated,
f), required in order to keep the stick
rotating at a constant rate ?

What is the path of the bead in the

xy-plane? (Draw an accurate pic-

ture showing about one half of one
revolution.)

How long should the stick be if the

bead is to fly in the negative x-

direction when it gets to the end of

the stick?

d) Add friction. How does the speed
of the bead over one revolution de-
pend on g, the coefficient of fric-
tion between the bead and the wire?
Make a plot of [Vyne revolution!

versus jt. [Note, you have been 5 _ e
working with ¢ = 0 in the prob- e‘f (’OSQ, +’=\(\93

ems shore)] Gos-snfit@d; Ok By

b

C

Whot is (0) Fw)’r\qe bead ?
Pead [Me:  2F = Fuég = Mtk
G- (F=d)er+ (ibrvh)ee O-w, 0-0
:(F-rw)ee + diwla
Fazo = o [(F-rw) e + A wéa |
AR Fu - AMb (@
(36 O mo(F-r0)
O: t-r0* «—— ODE for v[{4), vse chanm nle 1o 3@% c(®)
0- w“%i-af‘f ‘Z—L%‘:{ﬁ:w%
0- 55 ¢ T % (%) - B 0 D) - o T
Pssume solgtion of the fon r- Ae,Ae
O= N AT p>?
YRR (compare willh Fricona| case below)
<Ae®+Be® Use TCs b fid AB

Disclaimer: We have lost track of the many people who wrote these solutions.
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Givea®r ()., = Ro — Oy = R
O (Ol -0 —wlgq <0
0010 <O phy o O,

“r(0): Ro-A4B
® % (0): O-A-6

A6 &
fe &0+ e, ‘

) Toigue reguired ho maindain condnt @
Shgk& AMB' éM/c = H/c o
N 5 - *(,.”\ + f\; = . . .
rb)( I:Nee ' /:'j\k :J\_ ?\k L’/‘ X—-"MS% r(,/(,e( X (YI5 (-{‘G/LeLé( +fé/cﬁ%9)
/T/‘K = 'ﬂ,éx FN ép 2 G, /Lé, X - MS(Q/sz s,

- K B\ ~ . N

t=5(efre®e, 0

Fus Ao = Q\MbwL%fe =Qm, W 2{ (&e~ 6'9)

/T/k = KIO(C9+ 6_6)&/ X Manu)Y@e—e,'a)ae
Ek Togmlw (2e79)

b) Path in x- Plane
r- S @oe?)
X = (st = rgind
PM For half & cotahon— Q=[O,ﬂ]
See Madlab

Bead Path Half Revolution

5} Ohly one sde of
Qﬁc‘g iawn foc
0 simph‘d}\a

Besd rotakes with the shck byl also moves m\m”a ovhvard
(vould regie a cen{ripe’r«‘ fe h leocp Circular)

Disclaimer: We have lost track of the many people who wrote these solutions.
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) Skck Iena+h for bead b f{g off in -7 direchon

Bead Path Half Revolution
~To move in -7, V+5=0 —Find &b make Hhis e

~To Hly off ok, shek lemh muet be egul b0 o(d)
-Can e Fom - poid b) oém\o\ﬂ tak 6 occors af ovint 3 s 2

=, 35"
rw% > 0r Xe ’—\

V:{é 110 éf(yos@'\*siAQj
=W sa(e@— e, + w & EX ) o 89 = -sindf +(0s0; ?|
Vi w3 [sm@ e9-¢9) + cosB(e?+e )] =0 10}
Find 210 using Maflab — ©=2.25 ml (~ |?>5°> matches %Mp\l\\/ R R

:2.35+Axn o neinfeger (once per ve)
L_ & (61,3&901'\ 2:35-23n

+te ) For Ror w n=0, L=5.%m walthes 3@\«\ v

&) Add Reichon, fnd ¥ vs. w «fler one revelution £R0;

Vel +rwés sole besd LM for 1,1 ,&éz‘\ ot
Bead | MB: £F = Fudo ~aufubr = [(i-rw?)é. + diwés )
A Fm=9\mbﬁ(¢) F{:JAFN

860 b=y (7 -rw?)
w(élwfa))—vp»g(? o)
O 1+ Auwf - v 4—Loo\€mg fi speed over | revolobon, use chain wle for ((8)

d dr .- dtr dar
O- datwduwé@ ok re az Y Fea s wrdg

O- %9" +&u-ae -0
Assume stlkion of the form 1A
0+ xA  Adbe? - A

02+ Qur-
>\= —R.u,._;m' : 3(/4;1/_’_. m Cm“ ){\ms )UAZ
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Friction vs. Root Values

R i _
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Table of Contents

¢) Find length for bead to fly in -i dir€CtioN ...........coouiiiiii i
d) Add friction - speed vs. mu after one revolUtION ..........cooeeieioiieiie e

% NMAE 2030

% HW 12 #67 (19.1.12)

% M chel | e deSouza

clear variables; close all; clc;

Ro = 1; %inge is at the origin
onmega = 0. 1;

b) bead path over 1/2 revolution

th = linspace(0, pi,201); %half a circle
r = 0.5*Ro*(exp(th) + exp(-th)); %lerived formula for r
% o Cartesian

X = r.*cos(th);
y = r.*sin(th);
pl ot (x,y)
axi s equal

title("Bead Path Hal f Revol ution")
x| abel (" x")

yl abel ("y")

axis([-13 13 -13 13])

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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Bead Path Half Revolution

10
5
yd Y
5
-10
-10 5 5 10

c) Find length for bead to fly in -i direction

syns x; %orrect angle

vdotj = sin(x)*(exp(x)-exp(-x))+cos(x)*(exp(x)+exp(-x));
assune(x, ' positive')

theta = doubl e(sol ve(vdotj));

Warni ng: Unable to solve synbolically. Returning a nuneric solution
usi ng <a

href="mat| ab: web(ful I fil e(docroot, 'synbolic/

vpasol ve. htl ' )) " >vpasol ve</ a>.

d) Add friction - speed vs. mu after one revolu-

tion

th
nu

2*pi; %one circle
i nspace(0, 5, 101);

% oots of characteristic equation

laml = -nu + sqrt(nu."2+1);
lam2 = -mu - sqgrt(nmu. ~2+1);
figure

pl ot (mu, | aml, nu, | an®)
title("Friction vs. Root Val ues")

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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x| abel (" nmu")

yl abel ("I anbdas")

| egend("Lant", "LanR")

Y%coefficients

Ap -lanR./(lanl-1anmR); %p = A/Ro

Bp 1-Ap; %Bp = B/ Ro

%, rdot

rp = Ap. *exp(laml*th) + Bp.*exp(lanR*th); %p = r/Ro

rpdot = Ap.*lantl. *exp(laml.*th) + Bp.*lanR2. *exp(lanR.*th); % pdot =
rdot/ ( Ro*omega)

% ind di mensionl ess speed and pl ot

vp= [rpdot; rp];

vpmag = sqrt(vp(l1,:).72 + vp(2,:)."2);

figure

pl ot (nu, vpmag)

x| abel ("\'nmu")

xlim([0 2])

yl abel (' speed/ $(R {o}\onega)$', 'Interpreter’', 'latex')
title("D nmensionl ess Bead Speed At One Revol ution")

hol d of f

Friction vs. Root Values
2 T T T T T T T T T

Lam1

H__'"__———— Lam2

2t ~ 1

lambdas

2.5 3 3.5 4 4.5 5
mu

(=
=
(%))
-
-
(%))
ra
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Problem...
Dimensionless Bead Speed At One Revolution
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350 [t
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300 [ | g

—~ 250 [ | 1

j \

=200 i
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173 15|] B '.\. ]

\
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100 | % 1
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Top view

19.1.13 Mass on a lightly greased
slotted

turntable or spinning uniform rod.
Assume that the rod/turntable in the fig-
ure is massless and also free to rotate. As-
sume that at t = 0, the angular velocity
of the rod/turntable is 1rad/s, that the Top view y
radius of the bead is one meter, and that

the radial velocity of the bead, dR/dt, is
zero. The bead is free to slide on the rod.
Where is the bead at t = 5sec? 0
X
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Disclaimer: We have lost track of the many people who wrote these solutions.
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19.1.14 A bead slidesin a frictionless slot
in a turntable. The turntable spins a con-
stant rate w. The slot is straight and goes
through the center of the turntable. If the
bead is at radius R, withR = 0 at¢ = 0,
what are the components of the acceler-
ation vector in the directions normal and
tangential to the path of the bead after
one revolution? Neglect gravity.
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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.



Chapter 19. 1. Mechanics... Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 19.1.16 35

19.1.16 Bead on springy leash in a y
slot on a turntable. The bead in the
figure is held by a spring that is relaxed 1)
when the bead is at the origin. The con-
stant of the spring is k. The turntable
speed is controlled by a strong stiff mo-
tor.
a) Assume w = 0 for all time. What
are possible motions of the bead?
b) Assume w = w, is a constant.
What are possible motions of the
bead? Notice there are two cases
depending on the value of w,. Problem 19.16: Mass in a slot.
What is going on here?
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Problem 19.1.17

19.1.17 A small bead with mass m slides
without friction on a rigid rod which ro-
tates about the z axis with constant w
(maintained by a stiff motor not shown in
the figure). The bead is also attached to a
spring with constant K, the other end of
which is attached to the rod. The spring
is relaxed when the bead is at the center
position. Assume the bead is pulled to a
distance d from the center of the rod and
then released with an initial R = 0. If
needed, you may assume that K > maw?.

a) Derive the equation of motion for
the position of the bead R(t).

b) How is the motion affected by
large versus small values of K?

¢) Whatis the magnitude of the force
of the rod on the bead as the bead
passes through the center posi-

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? Neglect gravity. Answer in
terms of m, w, d, K.

d) Write an expression for the Corio-
lis acceleration. Give an example
of a situation in which this accel-
eration is important and explain
why it arises.

y w = constant
J))QJ p})ﬁ

Problem 19.17
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19.1.18 A small ball of mass m, =
500 grams may slide in a slender tube
of length | = 1.2m. and of mass m, =
1.5kg. The tube rotates freely about a
vertical axis passing through its center C.
(Hint: Treat the tube as a slender rod.)

a) If the angular velocity of the tube
is w = 8rad/s as the ball passes
through C with speed relative to
the tube, v, calculate the angular
velocity of the tube just before the
ball leaves the tube.

d) After the ballleaves the tube, what
constant torque must be applied to
the tube (about its axis of rotation)
to bring it to rest in 10s?

d
R

B
b) Calculate the angular velocity of
the tube just after the ball leaves Problem 19.18
the tube. Answer:
c) If_the speed of the ball as it. passes (2) w~ = 4rad/s, where the minus sign
Cis v = 1.8m/s, determine the > means “ust be’fore leaving’
transverse and radial components b) ot J d b f I .
of velocity of the ball as it leaves ‘( ), @’ = 4ra /s, where t € plus sign
the tube. +’ means ‘just after leaving’.
(v, =3.841m/s,v, = 2.4m/s.
(d) torque=0.072N-m
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Problem 19.1.19

19.1.19 Toy
train car on a turn-around. The 0.1kg
toy train’s speedometer reads a constant
1m/s when, heading west, it passes due
north of point O. The train is on a
level straight track which is mounted

m%f train
Aocol

I NorthT

on a spinning turntable whose center is 2“’ g/
‘pinned’ to the ground. The turntable radis
spins at the constant rate of 2rad/s.
What is the force of the turntable on
the train? (Don’t worry about the z- Problem 19.19
component of the force.) R
nswer:
F =—-06Nj.
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19.1.20 Due to forces notshown, the cart
moves to the right with constant acceler-

ation a,. The ball B has mass m,. Attime T
t = 0, the string AB is cut. Find 2/3L
4
a) the tension in string BC before 1/3L—
cutting,
b) the absolute acceleration of the m
mass at the instant of cutting, Problem 19.20
Answer:

¢) the tension in string BC at the in- Ners
stant of cutting. (@) Ty = m1—3(2ax +g).

(b)d = 3—2[(25ax+15g)i+(15ax—25g) jl
(©)Te = mﬁ(Sax + 3g).
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Problem 19.1.21

19.1.21 The forked arm mechanism
pushes the bead of mass 1 kg along a fric-
tionless hyperbolic spiral track given by
r = 0.56(m/ rad). The arm rotates about
its pivot point at O with constant angular
acceleration 8 = 1rad/s? driven by a mo-
tor (not shown). The arm starts from rest
atf=0",

a) Determine the radial and trans-
verse components of the acceler-
ation of the bead after 2s have
elapsed from the start of its mo-
tion.

b) Determine the magnitude of the

net force on the mass at the same
instant in time.
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18.1.21

Saturday, May 4, 2019 7:50 PM

hyperbolic
spiral track

M\

an‘ven H

)

bead

Lewi has ma, ss ”:1
hjlaefLJu sr\‘ml frack s -fr-‘d.‘vn/ess

F=0.56 [m/red]
roftes sbut O with (onst “U“lur ateleration § - lhol/SLJ
Harts fom rest ot =

A

- Ly 01 He J;eac{

s\

F\"‘A aé\r 8(
b = j: b dt
b= [t od St [redfe? ]
Sie  R=050 TTE{

A\
o+
T
S
oo
=
LN

\t

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.



44 Chapter 19. 1. MechanicSatwoduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem...

Take oervathe  on both  sdes

- N m
R=0S0 —g

S o m

R 30-5 e ‘r;x

A = 2‘5, we have,
B = lrad/s* g
h\ = 0.5 VH/SL R

2rad/s 6- 2rao(

"

»

Im/s R = Im
Thes & = (-Ré* 4R )6 + 206 +rF e
-3%5 e:‘,, 45 éo f'"/s’]
s Wb = 35 [nfs]
36y = § [M/SL]
b) Fud the 'ij""mde of e net force ot +225
Lmp Zf sma

m\]m‘mie |=F|= m[a| = R ms = bao N

[}

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 19. 1. Mechanics... Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem...

45

L(_’__}_LJ Given G 21 [wwtund) 5(0) = 9(s)- O

Y= 0cO = V)= 0590

2

Pind g, ay IFl ot 4 =28
J bs  sohe é{»{ (b owmd O(€)

g = 1

Duligpell T olt) = ;,_ v ttG

Lot (‘9’/0)4 O/lo)= © =) Lﬁ} H :E};ﬁ

Aoy )05 0l) = Hé) = o;zyf

(@ A (V&%) e+ (%048 Do
(- oct 5iby-1
g (0= o5 D>y 0s

v(2) = 4

=+ D90
o D= =G (2)=]

T a4 - ((v).vs;“.w ?fﬂ;) ey 4 (axina +1x1) 6y

N ~ )
}"2' = =2ty «%S’f’@j (Awrsier )

<@ E— = Mz = ~%55 2\) + xﬁé’; g Ag m= kﬂ ?

IF ) = 2% Ypst - 4

ﬂ Fl= 6 /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.




46 Chapter 19. 1. MechanicSatwoduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 19.1.22

19.1.22 A rod is on the palm of your
hand at point A. Its length is ¢. Its
mass m is assumed to be concentrated at
its end at C. Assume that you know 6 ‘A{/ éy
and @ at the instant of interest. Also as-

sume that your hand is accelerating both y m\) C
vertically and horizontally with @, , , =

a, i + a,,j. Coordinates and directions gl \
are as marked in the figure.

a) Draw a Free-Body Diagram of the /
rod. Y L R
b) Assume that the hand is station- A \9 J [
ary. Solve for 6 in terms of g, ¢, = o
m, 6, and 6. \/ !
c) If the hand is not stationary but )
& has been determined somehow, Problem 19.22: Rod on a Moving Sup-
find the vertical force of the hand port(2-D).

on the rod in terms of , 6, 9, gt
m, a,, and a,,.
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19.1.23 Balancing a broom. Assume gl \
the hand is accelerating to the right with
acceleration a = ai. What is the force
of the hand on the broom in terms of

m, ¢, 0,80, a, i, J, and g? (You may not - 0 ¢ °
have any &, or &, in your answer.) A

Problem 19.23
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