Introduction to Mechanics for Engineers — Ruina & Pratap

16.1.1 Give the definition of each term
below in words and, if possible, with an
equation.

a) rotation angle
b) (x',y")
c) (x,)
d) rotation matrix
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¥f97Ad object woratre By the same angle, the

Answer:
(b) Rotating frame coordinates of a
point.
(c) Fixed basis coordinates of a point.
(d) A matrix that when operated on
a column vector of fixed basis coordi-
nates gives the coordinates in a rotated
frame.
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Problem 16.1.2

16.1.2 Assume that in the reference con-
figuration, when 6 = 0, that the x’y’ axes
attached to an object are aligned with the
xy axes. Consider a point P attached to

x',y',1,§,6,6 and 8.
a) %,
b) The rotation matrix [R].

the moving frame (object) that has coor- Answer:
dinates (x’,y"). Find each of the quan- cos® —sinbl]x
tities below in terms of some or all of (a) sin6 cos6 ||y
cos@ —sinb
(b) [R] = sin@ cos@
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Chapter 16. 1. Rotation of... Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 16.1.3
16.1.3 Assume that in the reference con- a) iPl /P,
figuration, when 6 = 0, that the x'y’ b) The rotation matrix [R].
axes are aligned with the xy axes. Con-
sider two points P, and P, attached to the AT
moving frame. P, and P, have coordi- (a) 7 _
nates (x],y}) (x},,). Find each of the P1/P
quantities below in terms of some or all cos@ —sinB|[(x] —x})
of x,y;, %5, 51, J 6,6 and 6. sin@ cos8 || —¥)
cosf —sinf
(b) [R] = [sin@ cos @ ]
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Problem 16.1.4

16.1.4 The square plate OABC shown in
the figure measures ¢ = 1m on a side.
The coordinate axes x’y’ are fixed to the
plate and the axes xy are fixed in space.
The plate is rotated by an angle 6 = 60°
as shown.

a)

b)

©)

d)

e)

Find the coordinates x” and y’ of
the corner point B in the rotated
frame.

Find the coordinates x and y of
the same point in the fixed frame
without using the rotation matrix.

‘Write the rotation matrix R for the
given rotation.

Find the coordinates of point B in
the fixed frame using its (x’, y") co-

coordinates and the rotation ma-
trix R in its appropriate form.

Problem 16.4

ordinates and the rotation matrix Answer:
K. Bl = | 2| W, =
Find the coordinates of point B in Im
the rotated frame using its (x,y) _037m _ 0.5 —0.87
1.37m |’ ~| 0.87 0.5
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Problem 16.1.5

after 2 seconds, assuming the rod
isat@ =0whent = 0.

16.1.5 The rod shown in the figure ro-
tates counterclockwise, starting from 6 =
0. Find the following quantities.

a) Write the position vector of points
A and B as a list of numbers in an

. | x4 _

array, e.g., [rA]xy =1y, ], atf =

0.
b) Write the rotation matrix R for 6 =

45°. Problem 16.5
¢) Find the coordinates of points A Answer:

and B using the rotation matrix R N 1m N

fOI' 6 = 45°. (a) [rA]xy Om 5 [rB]xy -
d) If the rod rotates at a constant an- om

gular speed w = m/3rad/s, find o

the coordinates of points A and B
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16.1.6 Find the angle of rotation corre- 0.7071 0.7071
sponding to the following rotation matri- ©) —0.7071 0.7071
ces:
0.7071  —-0.7071 Answer:
2) [ 0.7071  0.7071 ] ()6 = 45°
p | 07071 07071 (b)6 =135°
0.7071  —0.7071 (©) 6 =315°

SRt

01 ~0-101
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' =0 1 0] =007
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16.1.7 The rod shown in the figure ro-
tates with constant angular speed w =
10rad/s. 6 =0att =0s.
a) Find the position vector Fy|, and
the velocity Uy|, of pointBat¢, =
1s. o
b) Find the position vector g, of A
point B att, = 1.2s. Whatis the ~ Problem 16.7
net displacement of point B dur-
ing the time interval At = ¢, — t1?
Is this net displacement equal to
U], At? Why not?

Answer:

(a) Fgl,, = —1.681 —1.09j and Ug|, =
20m/s[—0.84 0.54]

(b) Net displacement = (3.366i +
0.016 j) m. The net displacement is not
equal to Uy| ., At because the motion is
not along a straight line.
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Problem 16.1.8

16.1.8 Write a computer program to
animate the rotation of an object. Your
input should be a set of x and y co-
ordinates defining the object (such that

plot y vs x draws the object on the
screen) and the rotation angle 6. The
output should be the rotated coordinates
of the object.

a) From the geometric information
given in the figure, generate coor-
dinates of enough points to define
the given object.

b) Using your program, plot the ob-
jectatf = 20°,60°,100°,160°, and
270°.

c) Assume that the object rotates
with constant angular speed w =

Q)

® {30

© (0, 0coryc) ]

&:%Ocm;

: ’
W oma e (15 1y, 15)
© (60(0&'30, 0 )em

2rad/s. Find and plot the position
oftheobjectatt = 1s, 25, and3s.

YA
¢ =30cm

¢ =30°

<Y

Problem 16.8

Answer:
(a) (0, 0); (15V/3, 15); (30V/3, 0); (0,
30/3); (15, 151/3).

@30

(20%B, 0)
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Problem...

15.]1.%

Wednesday, April 3, 2019 8:52 PM

An'mation o-'- Todgton

Inruh X- Y toordinates

0u+}mt : rohm‘cv\ woro[.‘nwres

)

rotation arg le

(ienevate  wo ro(.‘na{ es e}

T ! X

enoud’l Fa.‘n-ts 4o Aef.‘ne, e S !

Probiem 1518 |

the Objevt- Unik = em l— R H\

% Given length and angle as shown in the figure

1

= 30;

phi = deg2rad(30);
% The radius of arc part

R

= 2*1l*cos(phi);

% Coordinates of points labeled on the plot
pointl = [0,0]";

point2 = l*[cos(phi) , sin(phi)]';
point3 = l*[cos(pi/2-phi), sin(pi/2-phi)]’;
% Calculate the x-y coordinates of arc part
arc_angle = linspace(0,pi/2,30);

point_arc

R*[cos(arc_angle);sin(arc_angle)];

Need more piats +o generate.  Hhe arc

. o
(koY) = R(mse,s‘"e) 00 ¢
Matlob  can anu draw sm.‘ah'r e between +wo fnx‘rn‘s

b) 9 See ‘kﬁmhe& Below are 4wo user- defined functions,

RotCoor 15 4o talewlote  toordinates

U ., D \ )
function p = RotCoor(po,angle)A“‘Mﬂ*e % +0 do animation of rofation

% This function calculates the coordinates after rotation of angle radians

% Input p0 are coordinates that define the object
% angle is the rotation angle
% Output p are coordinates that define the object after rotation

end

% Rotation matrix

R = [cos(angle) -sin(angle);
sin(angle) cos(angle)];

p = R*p0;

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 Animate(pO,theta)
% This function animates the rotation of the given figure

% with rotation angle from 0 to theta
% theta is the final rotation angle through the whole process

angle = linspace(0,theta,100);

figure

for k = l:length(angle)
% Calculate the x-y coordinates after rotation
p = RotCoor(p0,angle(k));
plot(p(l,:),p(2,:))
axis equal
axis([-60 60 -60 60])
pause(0.01);

end

end

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 15.1.8

% Animate the rotation of a given object
clc;

clear;

close all;

% Given length and angle as shown in the figure
1 = 30;

phi = deg2rad(30);

% The radius of arc part

R = 2*1l*cos(phi);

% Coordinates of points labeled on the plot
pointl = [0,0]"';

point2 = l*[cos(phi) , sin(phi)]';

point3 = l*[cos(pi/2-phi), sin(pi/2-phi)]';

% Calculate the x-y coordinates of arc part
arc_angle = linspace(0,pi/2,30);

point_arc = R*[cos(arc_angle);sin(arc_angle)];
% points that define the figure

p0 = [pointl, point2, point_arc, point3, pointl];

Part b plot the object at theta = 20 60 100 160
270 degrees

theta = [20 60 100 160 270];

for k = l:length(theta)
Animate(p0,deg2rad(theta(k)));
msg = sprintf('The position at theta = %d degree',theta(k));
title(msg)

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.



12

Chapter 16. 1. Rotation ofituaduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem...

The position at theta = 20 degree
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Problem...

13
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The position at theta = 100 degree

The position at theta = 160 degree
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Disclaimer: We have lost track of the many people who wrote these solutions.
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14

Chapter 16. 1. Rotation ofituaduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem...

Part c plot the position of the object att =1,2

and 3s

The position at theta = 270 degree
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The object rotates with constant angular speed omega = 2m/s

omega = 2;

for

end

t = 1:3
Animate(p0,omega*t);
msg = sprintf('The position at t = %d s',t);
title(msg)

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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The positionatt=1s
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Problem...

The positionatt=3s
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Published with MATLAB® R2018a
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17

16.1.8 Write a computer program to an- ~ (
imate the rotation of an object. Your WS

input should be a set of x and y co-
ordinates defining the object (such that

plot y vs x draws the object on the
screen) and the rotation angle 6. The out-
put should be the rotated coordinates of the
object.

a) From the geometric information
given in the figure, generate coordi-
nates of enough points to define the
given object. *

b

=

Using your program, plot the object
at § = 20°, 60°, 100°, 160°, and
270°.
Assume that the object rotates Problem 16.1.8
with constant angular speed @ =

2rad/s. Find and plot the position

of the objectatz = 1s, 2s, and3s.
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Problem...
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Table of Contents

Part b plot the object at theta = 20 60 100 160 270 degrees
Part ¢ plot the position of the object at t=1,2, and 3s
helper functions

MAE2030

HW9 P46_16.1.8

Animate the rotation of a given object

Katherine Cao edited from Shuwen Lu 2019 version

00 o0 o0 0P

clc;
clear;
close all;

% Given length and angle as shown in the figure
1 = 30; %cm
phi = deg2rad(30); %rad

$The radius of arc part
n = 2*1*cos(phi);

% Coordinates of points labeled on the plot
pointO = [0;0];

pointl = [l*cos(phi);l*sin(phi)];

point2 = [l*sin(phi);l*cos(phi)];

% Generate the group of points

% To plot the pi/2 arc between point3 and pointé
alpha = linspace(0,pi/2,30);

arc_xiyi = [n*cos(alpha);n*sin(alpha)];

% points that define the figure

% tracing between these points, order is deliberate
plot_points = [pointO, pointl, arc_xiyi, point2, pointO];

Part b plot the object at theta = 20 60 100 160
270 degrees

theta = [20 60 100 160 270];
for k = l:length(theta)
newpoints = rotate(plot_points,deg2rad(theta(k)));
figure
plot (newpoints(1l,:),newpoints(2,:))
axis equal
axis([-60 60 -60 60])
msg = sprintf('The position at theta = %d degree', theta(k));

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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20

title(msg)
end
The position at theta = 20 degree
60 , - - -
— T~
Ny S~
40t N
N\
\ \
N \
) \
[ \
S — \\
20 / / T 1
f /
"’, //
/
ol 1% ]
-2 r
-40
&0 L L L L L
40 -20 0 20 40 60

Disclaimer: We have lost track of the many people who wrote these solutions.
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The position at theta = 60 degree
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The position at theta = 160 degree
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Part c plot the position of the object at t=1,2,
and 3s

The object rotates with constant angular speed omega = 2rad/s
omega = 2;

for t=1:3
theta = omega*t; %constant angular velocity, rotated angle at t
newpoints = rotate(plot_points,theta);
figure
plot (newpoints(1l,:),newpoints(2,:))
axis equal
axis([-60 60 -60 60])
msg = sprintf('The position at t = %d s',t);
title(msg)
end

helper functions

function newpoints = rotate(points,angle)
This function calculates the coordinates after
2D rotation of angle radians, angle is positive counterclockwise

o0 oe

% Input points are the group of x,y coordinates that define the object
% points(l,:) are all the x coordinates
% points(2,:) are all the y coordinates
% Output newpoints are coordinates that define the object after
rotation

% Rotation matrix

R = [cos(angle) -sin(angle);

sin(angle) cos(angle)];

newpoints = R*points;

end

function Animateb(points,theta,totalstep)

% This function animates the rotation of the given figure

% with rotation angle from 0 to theta

% theta is positive counterclockwise

% theta is the final rotation angle through the whole process
% totalstep defines how many points in between 0 and theta in
animation

angle = linspace(0,theta,totalstep);
figure
for k = l:length(angle)

% Calculate the x-y coordinates after rotation
newpoints = rotate(points,angle(k));
plot(newpoints(1l,:),newpoints(2,:))
axis equal
axis([-60 60 -60 60])

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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msg = sprintf('rotated %.2f deg',rad2deg(angle(k)));
title(msg)
pause(0.05);
end
end

function Animatec(points,omega,t,totalstep)
This function animates the rotation of the given figure
with constant angular velocity omega rad/s from 0 to t seconds
omega positive counterclockwise
totalstep defines how many points in between 0 and theta in
animation

theta = omega*t;

angle = linspace(0,theta,totalstep);

timestep = linspace(0,t,totalstep);

figure

for k=l:length(angle)

% Calculate the x-y coordinates after rotation
newpoints = rotate(points,angle(k));
plot(newpoints(1l,:),newpoints(2,:))
axis equal
axis([-60 60 -60 60])
msg = sprintf('rotated %.2f s %.2f rad',timestep(k),angle(k));
title(msg)
pause(0.05);

end
end
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Animation for b

theta = [20 60 100 160 270];

totalstep = 40; % can be changed

%can swap in different theta
Animateb(plot_points,deg2rad(theta(l)),totalstep)

Animation for ¢

omega = 2; %rad/s

t = 3; %s, can swap in any time
totalstep = 40; %can be changed
Animatec(plot_points,omega,t,totalstep)

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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