
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 �gure is sliding on the
xy-plane with no friction. At the mo-
ment in question, point C is at xC = 3m
and yC = 2m. The linear momentum is
Ç

L = 4�{ + 3 �| . kg�m_s/ and the angular
momentum about the center of mass is
Ç

H
cm

= 5 �k. kg�m_s2/. Find the acceler-
ation of any point on the body that you
choose. (Mark it.) [Hint: You have been
given some redundant information.]

C
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no applied forces
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x

y

Problem 17.1
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17.2.2 The vertical pole AB of mass m
and length l is initially, at rest on a fric-
tionless surface. A tension T is suddenly

applied at A. What is �x
cm
? What is ��

AB
?

What is �x
B
? Gravity may be ignored.

T

m

B

A

�

x

y

Problem 17.2
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17.2.3 Force on a stick in space. 2-D
. No gravity. A uniform thin stick with
length l and mass m is, at the instant
of interest, parallel to the y axis and has
no velocity and no angular velocity. The

force
Ç

F = F�{ with F > 0 is suddenly
applied at point A. The questions below

concern the instant after the force
Ç

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?

A

C

B

�

⇀
F = F ı̂

ı̂

ĵ

Problem 17.3

Answer:

(a) Ça
cm

=
F

m
�{.

(b) Ç� = *
6F

ml

�k.

(c) Ça
A
=

4F

m
�{.

(d)
Ç

F
B
=

F

2

�{
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17.2.4Auniform thin rod of length l and
mass m stands vertically, with one end
resting on a frictionless surface and the
other held by someone's hand. The rod
is released from rest, displaced slightly
from the vertical. No forces are applied

during the release. There is gravity.

a) Find the path of the center of
mass.

b) Find the force of the �oor on the
end of the rod just before the rod
is horizontal.
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17.2.5 A uniform disk, with mass center
labeled as point G, is sitting motionless
on the frictionless xy plane. A massless
peg is attached to a point on its perimeter.
This disk has radius of 1m and mass of
10 kg. A constant force of F = 1000N{
is applied to the peg for :0001 s (one ten-
thousandth of a second).

a) What is the velocity of the center
ofmass 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?

c) 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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17.2.6 Auniform thin �at disc is �oating
in space. It has radius R and mass m. A
forceF is applied to it at a distanced 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?

R F

d

x

y

Problem 17.6

Answer:

(a) Ça =
F

m
�|.

(b) Ç� =
Fd

m
R2

2

�k.
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17.2.7 A uniform 1kg plate that is one
meter on a side is initially at rest in the

position shown. A constant force
Ç

F =
1N�{ is applied at t = 0 and maintained
henceforth. If you need to calculate any
quantity that you don't know, but can't
do the calculation to �nd it, assume that
the value is given.

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

b) Find a di�erential equation,
and initial conditions, that when
solved would give � as a function
of time. � is the counterclockwise
rotation of the plate from the con-
�guration shown.

c) Write computer commands that
would generate a drawing of the
outline of the plate at t = 1 s. You
can use hand calculations or the

computer for as many of the in-
termediate commands as you like.
Hand work and sketches should
be provided as needed to justify or
explain the computer work.

d) Run your code and show clear out-
put with labeled plots. Mark out-
put by hand to clarify any points.

x

y

G

EFγ

Problem 17.7

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

They are not o�cial and have not been reviewed by the authors for correctness.



12 Chapter 17. 2. Dynamics. . .Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem. . .

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

They are not o�cial 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. . . 13

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

They are not o�cial and have not been reviewed by the authors for correctness.



14 Chapter 17. 2. Dynamics. . .Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem. . .

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

They are not o�cial 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. . . 15

1 Trajectory of Plate

Given:

L = 1m

m = 1Kg

~F = 1Nî

@ t = 0s
a) Find ~rG(t) (Position as a function of time)

FBD

LMB:
P

~F = m~a; ~F� = m(axî+ ay ĵ)

dot with î:
1N = max

2
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ax = 1
m

s2

ẍ = ax = 1
m

s2

ẋ =

Z t

0

ẍ(t0)dt0 + ẋ(0) = t� 0 + 0 = t
m

s

x =

Z t

0

ẋ(t0)dt0 + x(0) =
t2

2
� 0 + 0 =

t2

2
m

~x(t) = (
t2

2
î)m

dot with ĵ:
0N = may

ay = 0
m

s2

ẏ(0) = 0
m

s
; y(0) = 0m

~rG(t) = ~x(t) =
t2

2
îm

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

AMB: X
~MG = ~̇H

~rE

G

⇥
~F� = IG↵k̂

~rE

G

= (.5êr + 0ê✓) = .5êr; rE

G

= ||~rE

G

|| = .5m

~rE

G

⇥
~F� = (~rE

G

· êr)(~F� · ê✓k̂) = IG✓̈

3

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

They are not o�cial 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. . . 17

êr ê✓

î sin(✓) cos(✓)

ĵ �cos(✓) sin(✓)

IG =
m

12
(a2 + b2) =

mL2

6

F� = ||~Fgamma||

rE

G

F�cos(✓)k̂ = IG✓̈k̂

✓̈k̂ =
6rE

G

F�cos(✓)

mL2
k̂

dot with k̂:

✓̈ = 3cos(✓)
rad

s2

4
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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',1e-7,'RelTol',1e-7);

%Solve the ODE:

f = @(t,z) myrhs(t,z,P);

[t,z] = ode45(f,tspan,z0,Opts);

%unpack 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 = 1:length(t)

    %Create Rotation Matrix:

1
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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(1,5);zeros(1,5)];

    %Highlight the square at t=1 s

    if i ~= idx

        %Plot Trajetory of Square and Trajetory of Vertices

        subplot(2,1,1)

        hold on

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

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

        subplot(2,1,2)

        hold on

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

        plot(X(i),Y,'ro','LineWidth',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','LineWidth',5);

        %Plot G

        plot(X(i),Y,'ro','LineWidth',1)

        subplot(2,1,2)

        hold on

        plot(RotatedSquare(1,:), RotatedSquare(2,:),'k')

        plot(X(i),Y,'ro','LineWidth',1)

    end

    %pause(.03) %uncomment to animate

end

function zdot = myrhs(t,z,P)

    %unpack z

    theta = z(1);

    thetadot = z(2);

    %unpack parameters

    r = P.L/2;

    I_G = (P.m/12)*(2*P.L^2);

    F = P.F;

    %RHS

    omega = thetadot;

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

    %Pack up the derviatives

    zdot = [omega;omegadot];

end

end

2
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Published with MATLAB® R2018b

3
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HW 10 17.2.7 Teaya Yang

Given : (c- =o ) xY

i
>

IT
L= Im

i
→ E

L Ét_ - - - - → × m = 1kg

v •→ Iggy
Fr = IN

=L

a) Find Ña- (t)
.

FBD :

<
L

,

LMB : IF = ME

" IT
→ i {TJ = mliiaitiaj)}

L Et

{ } . E : For = Mia
-

_;→ Ini

o = mya.
⇒ (

a-
= ¥

{ } : j : i'a- = 0

Solving for ✗a- . Ya :

ii. =Fmo_ = ja
.

Ya = 0 = Ya

7.a- = t + C ,
= ¥ Xa

YG = ↳ =

Ya

✗a- = Fm t
-

t Gt + Ca YG = Cost -1 Cq

Ics : ✗a- (o ) = 0 → ¥m (o) 2-1 C. (o ) 1- Cz = 0 ICs : YG (o ) = 0 → Cisco) + Ca = o

Cz = o ca = 0

7%-101=0 → TIM (o ) 1- C ,
= 0 Y'a- (o ) = 0 → Cz = 0

C ,
= 0

⇒ ya = 0M⇒ xa. = Esm t ' =

¥¥g, t
'

✗a-
= (Imsa) to

Then find Fa :

to = ✗a- it Ya j

Tract)= ⇐ m/s) t
-

I

b) Find dict
. eq . and ICs that can be used to solve for Oct)

.

0 is cow rotation of plate from f- 0 configuration .
☒ Ñ , E used in this problem are unit vectors for polar coordinates (same as Er

,
éo )

.

At some t > 0 :

on
AMBai : Ñai = ra-É mais + IGOR g ^5

'

T
"

i Ñea ✗ TI = IGÉI
'

,

.

.
.
.
.
-

→to > ñ

'

fi
a-

'

¥: -0
. . . . . . . . . → e- ( - IE) ✗ (Fri) = 1m¥) ⑤ I so

> g
'

,

Fr
'

. {I Focoso I = m÷ ⑤ I }
→ =L

{ } . I : I Frcoso __m¥é

É = E- mtzcoso
where m= 1kg

L = 1m

Ics : 010) = 0 Fr = IN

⑥ (O) = 0

Disclaimer:We have lost track of the many people who wrote these solutions.
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C) d) write code to generate drawing of plate at C- = Is
.

horizontal translation : Xa. = Ifn t
-

vertical translation : Ya = 0

rotation : z = [ o.O ]
'

;

rhs : O

'

= 2- ( 2 ) :

⑤ = Z m Fzcoso i

2- dot = [o
'

,
O
'

]
'

;

Plotting initial
square

:

C-E. E) MY
• E.I )

: Xo = I - I I I - E -I] :
G '

:. - - - - - →
x

yo = EE -I I I -E ) :

EE
.

-E)
(E
.

-E )
sqo

= [Xo ; Yo] ;

Generating plot for t > o :

① ② ① use rotation matrix to find position of rotated square
-

-

-

-

-
-

R=
cos O - Sino

¥
.
.

-i. o
. . -

- - - -

f:*. E-

"

- - . (since coso )
② Translate square

to final location

t -- o t >o
↳ add ra

' to each vertex
.

⇒ sq
-

- R
*

sq t .)

Oct -- Is) = 1.4 rad a 800 .

initial as seen from the plot .
I

✓

final
Xa (t

-

- Is ) = I (mysz) ( is)
'

= 0.5M
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17.2.9 Auniform slender barAB ofmass
m is suspended from two springs (each
of spring constant K) as shown. Imme-
diately after spring 2 breaks, determine

a) the angular acceleration of the bar,

b) the acceleration of point A, and

c) the acceleration of point B.

BA

1 2

L

Problem 17.9
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17.2.10 Two small spheres A and B are
connected by a rigid rod of length l =
1:0 f t 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

0
= 3:0 f t_swhich sends the as-

sembly into free fall. Determine the an-
gular momentum of the assembly about
itsmass center at pointG immediately af-
ter A is hit. After the center of mass has
fallen two feet, determine:

a) the angle � 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

d) the acceleration of sphere A.

2 ft
B,2W

A,W

G

W = 5 lb

θ

v = v0

g

Problem 17.10
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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 = F�S, and
by a momentM, W = M��, are dimen-
sionally correct if �S and �� are linear
and angular displacements respectively.

Disclaimer:We have lost track of the many people who wrote these solutions.
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17.2.12A uniform disc of massm and ra-
dius r rotates with angular velocity !�k.
Its center of mass translates with veloc-
ity Çv = �x�{ + �y �| in the xy-plane. What is
the total kinetic energy of the disk?
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17.2.13 Calculate the energy stored in a

spring using the expression E
P
=

1

2

k�2 if

the spring is compressed by 100 mm and
the spring constant is 100 N/m.
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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.

F = 50 N

r

ω

Problem 17.14

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

They are not o�cial 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 17.2.15 37

17.2.15 The driving gear in a compound
gear train rotates at constant speed !

0
.

The driving torque is M
in
. If the driven

gear rotates at a constant speed!
out

, �nd:

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.

driving gear

radius r driven gear


radius R

M
ωin

ωout

Problem 17.15
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17.2.16 An elaborate frictionless gear
box has an input and output roller with
V
in
= const. Assuming that V

out
= 7V

in

and the force between the left belt and
roller is F

in
= 3 lb:

a) What is F
out

(draw a picture de�n-
ing the signs of F

in
and F

out
)?.

b) Is F
out

greater or less than the F
in
?

(Assume F
in
> 0.) Why?

Positive
power in Positive

power out

Vin Vout

gear box

black
box

(frictionless)

Problem 17.16

Answer:

(a) F
out

=
3

7

lb.

(b) F
out

is always less than the F
in
.
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