Introduction to Mechanics for Engineers — Ruina & Pratap

17.1.1 A disk of radius R is hinged at
point O at the edge of the disk, approxi-
mately as shown. It rotates counterclock-
wise with angular velocity 6 = @. A bolt
is fixed on the disk at point P at a distance
r from the center of the disk. A frame
x'y’ is fixed to the disk with its origin at
the center C of the disk. The bolt posi-
tion P makes an angle ¢ with the x’-axis.
At the instant of interest, the disk has ro-
tated by an angle 6.

a) Write the position vector of point
P relative to C in the x’y’ coordi-
nates in terms of given quantities.

b) Write the position vector of point
P relative to O in the xy coordi-
nates in terms of given quantities.

c) Write the expressions for the rota-
tion matrix R(0) and the angular
velocity matrix S(@).

d) Find the velocity of point P rela-

tive to C using R(P) and the angu-
lar velocity matrix S(e@).

e) UsingR = 30cm,r = 25cm, 6 =
60°,and ¢ = 45°, find [?C/O]Xy, and
[%o],, at the instant shown.

f) Assuming that the angular speed
is w = 10rad/s at the instant
shown, find [V ],, and [Up],,
taking other quantities as speci-
fied above.
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17.1.2 A uniform rigid rod AB of length
¢ = 1m rotates at a constant angular
speed w about an unknown fixed point.
At the instant shown, the velocities of the
two ends of the rod are b, = —1m/si
and Oy = 1m/sj.

a) Find the angular velocity of the
rod.

b) Find the center of rotation of the

rod.
Problem 17.2
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17.1.3 A square plate ABCD rotates at A D
a constant angular speed about an un-
known point in its plane. At the instant
shown, the velocities of the two corner
points A and D are v, = —2ft/s(i + j)

and 0, = —(2ft/s)i, respectively. @ ¢

a) Find the center of rotation of the
plate.

b) Find the acceleration of the center
of mass of the plate.
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17.1.4 A ten foot ladder is leaning be-
tween a floor and a wall. The top of the
ladder is sliding down the wall at one foot
per second. (The foot is simultaneously
sliding out on the floor). When the lad-
der makes a 45 degree angle with the ver-
tical what is the speed of the midpoint of
the ladder?
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B
17.1.5 The slender rod AB rests against
the step of height h, while end “A” is
moved along the ground at a constant ve- ‘
locity v,. Find ¢ and ¢ in terms of x, h,
andv,. Is é positive or negative? Is ¢ pos- l / 4 A_.U"
itive or negative?
—
Problem 17.5

L e?-\."\

16:1. & R

—_— N

N

W

\L ; ~ A Yo
T //f\@x

'L‘GY\4X :i— 15 & ;1
1 »{—m"(%) 6
:)—CLQ—: I x *‘/olt——ka—?
A+ e
LN +
=l xopdn
o +ht S
=] -dé- = "L\\?o
dt 4L
D@"‘OM{“@-&M’L — Jve
Re —  A4ve
i ¢; h —) + e
' —  -ve
2 ~ - a8
dﬁl ) LUZo[ R&%ﬂ: Qk*\ﬂoL
(a4 lh2)> (AR

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.



14 Chapter 17.1. Rigid. .. Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 17.1.6
17.1.6 Consider the motion of a rigid b) As the ladder moves, the COR

ladder which can slide on a wall and on changes with time. What is the set

the floor as shown in the figure. The of points on the plane that are the

point A on the ladder moves parallel to COR’s for the ladder as it falls from

the wall. The point B moves parallel to straight up to lying on the floor?

the floor. Yet, at a given instant, both

have velocities that are consistent with A

the ladder rotating about some special
point, the center of rotation (COR). De-

fine appropriate dimensions for the prob-
lem. wall

ladder
a) Find the COR for the ladder when /
it is at some given position (and
moving, of course). [Hint: if a
point A is ‘going in circles’ about
another point C, that other point
C must be in the direction perpen-
dicular to the motion of A. Problem 17.6
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17.1.7 A cardriver on a very boring high-
way is carefully monitoring her speed.
Over a one hour period, the car travels
on a curve with constant radius of curva-
ture, p = 25mi, and its speed increases
uniformly from 50 mph to 60 mph. What
is the acceleration of the car half-way
through this one hour period, in path co-
ordinates?
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17.1.8 The bar AB shown in the figure is ¢, and v,.

1 mlong. The end A of the bar is dragged ¢) Find the velocity of end B when
to the left on the horizontal floor at a con- 0 = 30°.

stant speed v, = 0.2m/s. The other end

of the bar drags along the inclined plane B
that makes an angle ¢ = 60° with the

horizontal.

a) Does the end B of the rod also have ¢
a constant speed? Does it imply
that the rod has a constant angular
velocity? Guess your answer and
write down your reasoning. No

calculations. Problem 17.8
b) Find an expression for the angular NS
velocity of the rod in terms of 6, ¢, (b)@ = — 2 sing ¢
€ cos(¢—09)
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17.1.10 A rod AC of length ¢ = 2m is
mounted on a cart at point C. The cart
slides down under gravity on a friction-
less surface inclined at ¢ = 45° from
the horizontal. Assume that bar has
negligible mass compared to that of the
cart. The cart is released from rest and it
reaches the position shown in t = 2s. At
the instant shown, 6 = 60°, and rod AC
has an angular velocity @ = 0.5rad/sk
and angular acceleration & = 1rad/s’k.

Find the velocity and acceleration of the
center of mass of the rod at the instant
shown.
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17.1.11 A vertical bar pendulum AB of
length ¢ = 4ft is mounted on a cart at
point A. The cart has a motor that drives
the bar pendulum back and forth about
the vertical position such that 6(t) =
6, sinwt where 6, m/6 and
mrad/s. The cart moves at a constant
speed v, = 2ft/s on a sinusoidal track
represented by y(x) = y,sinAx where
Yo =0.5ftand 1 = /4/ft.

a) Find the velocity of point B when
0 =0.

b) Find and plot the position of point
B for one full oscillation of the bar,

assuming the bar starts from its
leftmost angular position (that is,
0 = —6,) when the cart is on one
of the crests of the track.
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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 17.1.12

17.1.12 The center of mass of a javelin
travels on a more or less parabolic path
while the javelin rotates during its flight.
In a particular throw, the velocity of the
center of mass of a javelin is measured to
be U = 10m/si when the center of mass
is at its highest point h = 6m. As the
javelin lands on the ground, its nose hits
the ground at G such that the javelin is
almost tangent to the path of the center
of mass at G. Neglect the air drag and lift
on the javelin.

a) Given that the javelin is at an an-
gle & = 45° at the highest point,
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find the angular velocity of the
javelin. Assume the angular ve-
locity is constant during the flight
and that the javelin makes less
than a full revolution.
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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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16.1.12 The center of mass of a javelin
travels on a more or less parabolic path
while the javelin rotates during its flight. In
a particular throw, the velocity of the cen-
ter of mass of a javelin is measured to be
Ve = 10m/si when the center of mass
is at its highest point # = 6Gm. As the

the angular velocity of the javelin.
Assume the angular velocity iscon-
stant during the flight and that the
javelin makes less than a full revo-
lution.
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javelin lands on the ground, its nose hits ] B\ N
the ground at G such that the javelin is al- .
most tangent to the path of the center of h J L__ N
mass at G. Neglect the air drag and lift on P RN
the javelin.

a) Given that the javelinis atanangle
) = 457 at the highest point, find Problem 16.1.12

Free body diagram:

&

"
Linear momentum balance: ma =Y, F= —mgj

Take the moment that the center of mass is at its highest point (point C) as t=0 and
integrate the LMB, we get

v, = const.= v,(0) = v, - i =10m/s

vy, =[—gdt=—gt+v,(0) = —gt+v.j=—gt

== —_1 2 —_1
y=[-vdt= Sgt* +y(0) =—Zgt*+h

The time the javelin gets to point G is

y=—§gt2+h=0 et[;:\gzl.l%s

Atts, v, =10m/s,v, = —gt = —\/2gh = —10.84m/s
¢ = atan2(|v,|, |vy|) = 0.7451 rad

We are given that the angular velocity of the javelin is constant, so the angular velocity is
= w = 1.456 rad/s (clockwise) or
G

w = 9:—¢ = 1.383 rad/s (counterclockwise)
G

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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MAE2030 HW P54 (17.1.12) Solution

17.1.12 The center of mass of a javelin
travels on a more or less parabolic path
while the javelin rotates during its flight. In
a particular throw, the velocity of the cen-
ter of mass of a javelin is measured to be
D = 10m/si when the center of mass
is at its highest point h = 6m. As the
javelin lands on the ground, its nose hits
the ground at G such that the javelin is al-
most tangent to the path of the center of
mass at G. Neglect the air drag and lift on
the javelin.
a) Given that the javelin is at an angle
) = 45° at the highest point, find

Duan Li

the angular velocity of the javelin.
Assume the angular velocity iscon-
stant during the flight and that the
javelin makes less than a full revo-
lution.
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Given: ¥c(t = 0), h, 8(t = 0), constant angular velocity
Define time ¢ = 0 to be when the center of mass is at point C

Find:  angular velocity

Free body diagram

¥

Umj

Define point P to be the center of mass of the javelin

Linear momentum balance
ma=YF = —-mgj

Initial conditions

v,(0) = v¢ - j=0m/s
y(0)=h=6m
Solve the LMB

{ma =-mgj}-i>ma, =0
v, =[a,dt=[0dt=C,
1,(0) =C; =10 m/s

2> v, =10m/s

{ma = —mgj}-j > ma, = —myg

vy =[a,dt=[—gdt=—gt+C,

v,(0) = C, = 0m/s

v, =—gt

y=fvydt=—%gt2+C3

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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MAE2030 HW P54 (17.1.12) Solution Duan Li

y(0)=C3=h
9y=—%gt2+h

The time the javelin gets to point G is
y=—%gt§+h=0m
>t; =111s

The velocity at point G
Ue(tg) = 10 m/s = vy
vy (ts) = —gte = —10.8 m/s = vg,,
> Vg = Vgl + vgyf

Directions of the javelin and of the path at point G
[ -

f‘bi c—

P
NE

The direction of the javelin at point G
é,=singi—cosej

The tangent direction of the path at point G is I;_GI
G

(Velocity is always tangent to the path.)

According to the problem, at point G, the javelin is tangent to the path, so
6, X ;=0
sing vaE + cos p vgk = 0
> ¢ = arctan(— %) = 0.745 rad

Examples of possible javelin motion

\. ; T W —

)

\.G \ G

According to the problem, the angular velocity of the javelin is constant and the javelin
makes less than a full revolution, so there are 4 possible cases (shown below).

The javelin motion is drawn by denoting the two ends A and B moving to new locations 4’
and B’.

Case 1. the javelin rotates CCW by a small angle

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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MAE2030 HW P54 (17.1.12) Solution
AN
|
?
\P+e
A ' : . 0+ 2
rA w1=?k= 1.38rad/s k
Case 2. the javelin rotates CCW by a large angle
Mo g
¥ ¢+0+1
o1
A : p’ = _ p+0+m

W, P k=421radisk

Case 3. the javelin rotates CW by a small angle

Al
¢ 0
1
T-¢-9 4
A G
' /. — Q- ~ ~
B w3 = I-¢-6 (—k) = —1.45rad/s k

tg

Case 4. the javelin rotates CW by a large angle

LI
POK 2n-¢-@
(X}

S Gy = 070 (_}) = _428 radis

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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