Introduction to Mechanics for Engineers — Ruina & Pratap

Ch 17 Section 17.2

17.2.1 The uniform rectangle of width
a = 1m, length b = 2m, and mass
m = 1kg in the figure is sliding on the
xy-plane with no friction. At the mo-
ment in question, point Cisat xo = 3m
and y- = 2m. The linear momentum is
L = 4i + 3j (kg-m/s) and the angular
momentum about the center of mass is
H_, = 5k(kgm/s?). Find the acceler-
ation of any point on the body that you
choose. (Mark it.) [Hint: You have been
given some redundant information.]
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Problem 17.2.2

17.2.2 The vertical pole AB of mass m
and length ¢ is initially, at rest on a fric- ¢
tionless surface. A tension T is suddenly

applied at A. What is X,,,? What is 8 ,,?
What is X,? Gravity may be ignored.
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Problem 17.2.3

5

17.2.3 Force on a stick in space. 2-D
. No gravity. A uniform thin stick with
length ¢ and mass m is, at the instant
of interest, parallel to the y axis and has
no velocity and no angular velocity. The
force F = Fi with F > 0 is suddenly
applied at point A. The questions below
concern the instant after the force F is
applied.

a) What is the acceleration of point
C, the center of mass?

b) What is the angular acceleration
of the stick?

c¢) What is the acceleration of the
point A?

d) (relatively harder) What addi-
tional force would have to be ap-
plied to point B to make point B’s
acceleration zero?

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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during the release. There is gravity.

17.2.4 A uniform thin rod of length ¢ and
unrorn TN Fec 07 18 an a) Find the path of the center of

mass m stands vertically, with one end

resting on a frictionless surface and the nass.

other held by someone’s hand. The rod b) Find the force of the floor on the
is released from rest, displaced slightly end of the rod just before the rod
from the vertical. No forces are applied is horizontal.
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Problem 17.2.5

17.2.5 A uniform disk, with mass center
labeled as point G, is sitting motionless
on the frictionless xy plane. A massless
pegis attached to a point on its perimeter.
This disk has radius of 1 m and mass of
10kg. A constant force of F = 1000 N1
is applied to the peg for .0001 s (one ten-
thousandth of a second).

a) What is the velocity of the center
of mass of the center of the disk af-
ter the force is applied?

b) Assuming that the idealizations
named in the problem statement
are exact is your answer to (a) ex-
act or approximate?

¢) What is the angular velocity of the
disk after the force is applied?

d) Assuming that the idealizations
named in the problem statement
are exact is your answer to (c) ex-
act or approximate?
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Problem 17.2.6

17.2.6 A uniform thin flatdisc is floating
in space. It has radius R and mass m. A
force F is applied to it at a distance d from
the center in the y direction. Treat this
problem as two-dimensional.

a) What is the acceleration of the
center of the disc?

b) What is the angular acceleration
of the disk?
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Problem 17.2.7

17.2.7 A uniform 1kg plate that is one computer for as many of the in-
meter on a side is initially at rest in the termediate commands as you like.
position shown. A constant force F = Hand work and sketches should
1Ni is applied at t = 0 and maintained be provided as needed to justify or
henceforth. If you need to calculate any explain the computer work.

quantity that you don’t know, but can’t d) Runyour code and show clear out-
do the calculation to find it, assume that put with labeled plots. Mark out-

the value is given. put by hand to clarify any points.

a) Find the position of G as a func- ) y
tion of time (the answer should J
have numbers and units). |

b) Find a differential equation, !
and initial conditions, that when
solved would give 6 as a function ]
of time. 6 is the counterclockwise
rotation of the plate from the con-
figuration shown.

X
c) Write computer commands that _

would generate a drawing of the FL E
outline of the plate at t = 1s. You
can use hand calculations or the ~ Problem17.7
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Ci\..ktopisquare_plate.m
3/26/09 12:57 AM C:\Documents and Settings\labuser\Desgktop\square plate.m 1 of 2

function square_plate
% Alan Argondizza
% Solution to 14.19 part ¢ and d

% Initial conditions and time span

time= 3;
tspan= linspace(0,time,101); %Integrate for time seconds
z0 = [0,0]"; % initial [angle,omega] both zero

% solve the ODE:
[t,z] = ode45(e@erhs, tspan, z0);

[

% Unpack the variables

theta = z(:,1); $first column of =z
thetadot = z(:,2); $%second column of z
clf

tag=0

%$plot using a loop:
for i= 1:1:length(t)

%entire square:
subplot(2,1,1)
$create initial square:
square= [.5,—.5,-.5,.5,.5;.5,.5,—.5,-,5,.5];
%create rotation matrix:
R= [cos(theta(i)),-sin(theta(i));...
sin(theta(i)),cos(theta(i))];
%determine displacement of G:
xdisp= .5*t (i) "2;
rotatedsquare= R*gsquare + [xdisp,xdisp,xdisp,xdisp,xdisp;0,0,0,0,0];

plot (rotatedsquare (1, :),rotatedsquare(2,:));

“%this conditional marks the square -at time t= 1 second:
if floor(t(i)) == 1
if tag ~= 55
line(rotatedsquare(l,:),rotatedsquare(z,:),'Linewidth',lo,'Color','red');
end
end’
title('Trajectory of Square (Alan Argondizza)');
xlabel ('X');
ylabel ('Y');
axis ('eqgual') ;
hold on

$verticicies of square:

subplot(2,1,2)

line (rotatedsquare (1, :),rotatedsquare¥
(2,:),’LineStyle’,'none','Color','red’,'Marker','.');

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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3/26/09 12:57 AM C:\Documents and Settings\labuser\Desktop\square plate.m 2 of 2

%this conditional marks the square at time t= 1 second:

end
end

func

thet
thet

%RHS
omeg
omeg
% pa
zldo
z2do

if floor(t(i)) == 1
if tag ~= 55
line (rotatedsquare (1, :),rotatedsquare (2, :), 'LineWidth',1, 'Coloxr', 'red') ;
end
tag=55;
end '

title('Trajectory of Verticies of Square');
xlabel ('X');

ylabel ('Y');

axis('equal') ;

hold on

tion zdot = rhs(t,z)

a = z{1}); % unpack z into readable variables
adot = z(2);

a = thetadot;

adot = 3*cos (theta);

ck up the derivatives:

t = omega;

t = omegadot;

$function return:

zdot
end

= [zldot z2dot]"';

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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1 Trajectory of Plate

Given:
J L
i
X

L=1

m=1Kg

F =1Ni
Qt=0s

a) Find 7¢(t) (Position as a function of time)

FBD

L

F
LMB: 3" F = ma; E, = m(azi + a,))

dot with %:
1IN = ma,

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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Here we are observing the plate with respect to the Center of Mass (i.e. pretend
G is fixed)

AMB:

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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function P_16_2 7()
close all;clear all;clc;
% Problem 16.2.7 Part C & D

$Define Parameters
P = struct('L',1,'m"',1,'F',1);
$Length, Mass, Force

$Set time
tspan = [0 3];

$Initial Conditions
z0 = [0 0];

%Options
Opts = odeset('AbsTol',le-7, 'RelTol’',le-7);

$Solve the ODE:
f = @(t,z) myrhs(t,z,P);
[t,z] = ode45(f,tspan,z0,0pts);

gunpack variables
th = z(:,1);
thd = z(:,2);

%Calculate COM Positions over time
X = (P.F/P.m)*.5%t."2;
Y = 0;

$Initial Square

squareX0 = [-P.L P.L P.L -P.L -P.L]/2;
squareY0 = [-P.L -P.L P.L P.L -P.L]/2;
Square0 = [squareX0;squareY0];

$Find index at which t is closest to 1 (t will be >= 1)
idx = find(t>=1,1);

$Format Figure
subplot(2,1,1)
title('Trajectory of Square')
xlabel('X (m)")
ylabel('Y (m)"')
grid on
axis equal
subplot(2,1,2)
title('Trajectory of Verticies of Square')
xlabel('X (m)')
ylabel ('Y (m)')
grid on
axis equal
for i = l:length(t)
%Create Rotation Matrix:

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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R = [cos(th(i)), -sin(th(i));...
sin(th(i)), cos(th(i))];

$Determine Square EndPoint Locations

RotatedSquare = R*Square0 + X(i)*[ones(1l,5);zeros(1l,5)1];

$Highlight the square at t=1 s
if 1 ~= idx

$Plot Trajetory of Square and Trajetory of Vertices

subplot(2,1,1)
hold on

plot (RotatedSquare(l,:), RotatedSquare(2,:),'k') %Plot Plate

plot(X(i),Y, 'ro', 'Linewidth',1) %Plot G
subplot(2,1,2)
hold on

plot(RotatedSquare(1l,:), RotatedSquare(2,:),'k.') %Plot Plate

plot(X(i),Y, 'ro', 'LinewWwidth',1) %Plot G
else

$Highlight the square at t=1

subplot(2,1,1)

hold on

%Plot Plate at t = 1s

plot(RotatedSquare(1,:),

RotatedSquare(2,:), 'k', 'LineWwidth',5);

end

%Plot G
plot(X(i),Y, 'ro', 'LineWidth',1)
subplot(2,1,2)

hold on

plot (RotatedSquare(l,:), RotatedSquare(2,:),'k")

plot(X(i),Y, 'ro', 'LineWidth',1)
end
gpause(.03) %uncomment to animate

function zdot = myrhs(t,z,P)

end
end

$unpack z
theta = z(1);
thetadot = z(2);

gunpack parameters

r = P.L/2;

I G = (P.m/12)*(2%P.L"2);

F = P.F;

SRHS

omega = thetadot;

omegadot = (r/I_G)*F*cos(theta);

$Pack up the derviatives
zdot = [omega;omegadot];

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 17. 2. Dynamics.lm.roduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem...

Trajectory of Square

Al
T e

4’

- ]

O
s

Sy

5‘

X(m)
Trajectory of Verficies of Square

-....o--

tessnsnennnet il ieetinan.,,
‘oo
o ]
*a
.

ees POy R LT,
ee, o PPTTT LA Trea,
LTTTree L T 04 s

1 1 1 1 1

0 1 2 3 4

Published with MATLAB® R2018b

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 17. 2. Dynamics. .. Introduction to Mechanics for Engineers

« © 2026 Andy Ruina & Rudra Pratap Problem... 21
HW (0 (?.2.% Teaya tong
Giveo: (€=0) oY
s
‘—!—a 1" L=
: T_,f\ Im
L & |y me (kj
3 B=F7 Fr = (v
0) Find Tile).
8D L Lug - sF = ma
1,
L] ¢ 3 (% = mze+57)]
AT = o Y, = L
—D -l {(1-0: 6 m Aa . {%v 3
(}j\ o = }71)/& yk = o
Solui/l\j for xa, Va:
e ¥ Vo= 0<% 4%
Yo =Beic, =L Y =Cs =4 n
Mo =5 tT+ Gt t Ca % =Gttt G
Its: Zalo) =0 - %(@ﬂ ¢ (0) +C2 =0 Ics: Jglo)=0— Cs(o) + ¢4 =0
Cz=p C4 =0
%(o):o—»-@ﬁ—(@fc,:o Yelo) =0 - C3 = 0O
¢ =0
= = F 2 _ a = }’ = Oom
> N =35t = —%} ¢ &«
X = ('5(/77/5*)'6’
Then find Te -

pu——

G=%7+ Y%i

|E = (£ me) t* 7 |

b) Find d# e. and ICs ot con be used o Solve o OC).
8 is cew rotation of r/m fom t=0 Gon#\,wu’f}on.

* 7,8 used in s problem  ore  unit vectors for pdor coordinates (ome as &r.8,).
At same t >o:

—_ _— o —_— e A o~

AMB, : Mg = T x mas +I1%6F g ¢1
Tewx = 196 T . 7
(~48)x(Re) - (B)6 F :

N

(LB asof = o6 7]
f]? Lt FRoso="25E g
G- Zrros] e meig
L=1m
ICs: Q(0) =0 B =N
6(0) = o

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.



22 Chapter 17. 2. Dynamics.lm.roduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem...

) d) wite ode 4o Generute Jrouinj of plte of €=Is.

horigntal  dosktion - x = B ¢°
Vertical  tnus lation :  Ya = o
rotetion : 2= [06,6]
rhs. 6= Z(2);

9' = _LS_ m F cos® 5

2dot = [6.615
Plotling ioitial  squere -

c e

-5 %) 7 .5

R To- [-4 4 & -%-4)
.'~-~-~-~Lar
o=t -5 & 5 -4
.5 t4,-5) 510 = [ 05 Y05

&mamﬁl\lg flo'r fr t>o:

badl Ta 4o each vertex.
= x (3
> 5= R + 1]

Square Plate att=0sandt=1s
T T

08 - q

| inttial
08 i ° o final

X0.5
YO0

y(m)

04 _

-06 - =1

08+ a

x(m)

/\\’D O use rofation matric o Find Pos\hon of roteted Squore.
6 _ | cos@ —sing
..':WX T | sing coso
O Tronslde ware o final location
. i

O(t=ls) = 1.4 rud =~ $o°.
s seen Afrom the plot.

Te (£=18) = L(me>)(1s)" = 0.5m

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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% HW10 P55 Q17.2.7
% Generate plot for square plate with applied force at t=1s
% Teaya Yang

% Given Parameters
.m=1; % [kg]
L=1; % [m]
F=1; % [N]

T T T

% IC
z0 = [0 0]';

% Time
tend = 1; tspan = [0 tend]; n = 1000;

% Equation
eq = @(t,z) rhs(t,z,p);

% Accuracy
smallnumber = le-6;
options = odeset('AbsTol',smallnumber, 'RelTol',smallnumber);

% Solve

solution = ode45(eq,tspan,z0,options);
t = linspace(©,tend,n);

z = deval(solution,t);

% Inital square location

x0 = [-p.L p.L p.L -p.L -p.L]/2;
yo = [-p.L -p.L p.L p.L -p.L]/2;
sqo = [x8;ye];

% Square center locations
XG = p.F/(2*p.m)*t."2;
yG = t.*0;

% Plot inital square

figure(1)

hold on

box on

grid minor

axis equal

xlabel('x(m)")

ylabel('y(m)")

axis([-1 1.5 -1 1])

title('Square Plate at t = @s and t = 1s'")
plot(x0,y@,'b", 'LineWidth',1) % plate
plot(xG(1),yG(1), 'ko', 'MarkerSize',5) % COM

% Location of final square

theta = z(1,end);

R = [cos(theta), -sin(theta);...
sin(theta), cos(theta)];

sgend = R*sg@ + [xG(end);yG(end)];

% Plot final square
plot(sqgend(1,:),sqgend(2,:), 'r', 'LineWidth',1.5) % plate
plot(xG(end),yG(end), 'ko"', '"MarkerSize',5) % COM

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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% Output configuration at t=1s
fprintf('COM at t = 1 s is located at x = %.1f m, y = %.1f m\n',xG(end),yG(end))
fprintf('Plate has been rotated by %.2f rad at t = 1 s\n',theta)

function zdot = rhs(t,z,p)
% Unpack

theta = z(1); thetad = z(2);
m=p.m; L =p.L; F=p.F;

% Equation
thetadd = 3*m*F*cos(theta)/L;

zdot = [thetad thetadd]';
end

COM at t = 1 s is located at x = 8.5 m, y

=0.0m
Plate has been rotated by 1.40 rad at t =1 s

Square Plate att=0sandt=1s
1 . . .

087 1

027 -

-1 0.5 0 0.5 1 1.5
x(m)

Published with MATLAB® R2020b

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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17.2.9 A uniform slender bar AB of mass
m is suspended from two springs (each
of spring constant K) as shown. Imme- 1 2
diately after spring 2 breaks, determine

[« Is

a) theangular acceleration of the bar, A

b) the acceleration of point A, and
c) the acceleration of point B. Problem 17.9
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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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J
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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...
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Disclaimer: We have lost track of the many people who wrote these solutions.
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17.2.9 A uniform slender bar AB of mass / 2
m is suspended from two springs (each of
spring constant K') as shown. Immediately
after spring 2 breaks, determine
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Problem 17.2.10

17.2.10 Two small spheres A and B are
connected by a rigid rod of length ¢ =
1.0ft and negligible mass. The assembly
is hung from a hook, as shown. Sphere
A is struck, suddenly breaking its contact
with the hook and giving it a horizontal
velocity v, = 3.0ft/s which sends the as-
sembly into free fall. Determine the an-
gular momentum of the assembly about
its mass center at point G immediately af-
ter A is hit. After the center of mass has
fallen two feet, determine:

a) the angle 6 through which the rod
has rotated,

b) the velocity of sphere A,

c) the total kinetic energy of the as-
sembly of spheres A and B and the
rod, and

16-3. 10

W= 5Lb

-1t

Yo 3.0 {['/(Ll

Jé a %ﬂil U aﬁbc(’ ol- a ' ,/,

d) the acceleration of sphere A.
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—
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W=51Ib gl
—‘ G
B2W

Problem 17.10

&

me E g3 E?
™ P
N’/(m fljx[/?
3
[m(? 4) " Zm([ 3 N
3) |« (k)
=> _ A
A= - (2£f'x g >r\ i F g
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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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The next several problems concern
Work, power and energy

17.2.11 Verify that the expressions for
work done by a force F, W = FAS, and
by a moment M, W = MAG, are dimen-
sionally correct if AS and A8 are linear
and angular displacements respectively.

RIS - [Lﬁ(’v*][m/ : [ ;«3*2/

[mj 6AJ " ['M]

e - <

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 17.2.12

17.2.12 A uniform disc of mass m and ra-
dius r rotates with angular velocity wk.
Its center of mass translates with veloc-
ity v = Xi + yj in the xy-plane. What is
the total kinetic energy of the disk?

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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17.2.13 Calculate the energy stored in a
spring using the expression E, = ikdz if
the spring is compressed by 100 mm and
the spring constant is 100 N/m.

@]
U\
k_.\
©
u%

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 17.2.14

17.2.14 In a rack and pinion system,
the rack is acted upon by a constant force
F = 50N and has speed v = 2m/s in
the direction of the force. Find the input

power to the system.

fF:SON
Problem 17.14
I pud- Pow A
X Fa
s O A
- e g "5

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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17.2.15 The driving gear in a compound
gear train rotates at constant speed w,.
The driving torque is M,,,. If the driven
gear rotates at a constant speed w,,,,, find:

out?
a) the input power to the system, and

b) the output torque of the system as-
suming there is no power loss in
the system; i.e., power in = power
out.

@) ;M}ud power =

b) GLU’/M& b s opt M ook

Wout
" ‘
driving gear
radius r driven gear
radius R
Problem 17.15
M. W = M"n Cdivn
" L'C(ml,' z M in
Mouwl” = Min Win
O oud”

—
£

WO

Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 17.2.16

17.2.16 An elaborate frictionless gear
box has an input and output roller with
V., = const. Assuming thatV , =7V,

and the force between the left belt and
roller is F;, = 31b:

a) Whatis F,, (draw a picture defin-
ing the signs of F;, and F,,)?.

b) IsF,,, greater or less than the F,,?
(Assume F;, > 0.) Why?

Vl’ N

@ S nee

tonse rvec]

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.

box
(frictionless)

Positive
power in

Positive
power out

Problem 17.16

Answer:
@ F,, = 2 Ib.
(b)F

uc 18 always less than the F,,.
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