
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 18 Section 18.1

18.1.1 A particle moves along the two
paths (1) and (2) as shown.

a) In each case, determine the veloc-
ity of the particle in terms of b, �,

and ��.

b) Find thex and y coordinates of the
path as functions of b and r or b
and �.
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Problem 18.1

Answer:

plot(2): �.t/ = br.t/ and Çv =
��

b
�e
r
+

� ��

b
�e
t
.

plot(2): x = r cos.br/ and y = r sin br

or x =
�

b
cos.�/ and y =

�

b
sin �

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.
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18.1.5 Picking apart the polar coordi-
nate formula for velocity. This prob-
lem concerns a small massm that sits in
a slot in a turntable. Alternatively you
can think of a small bead that slides on a
rod. The mass always stays in the slot (or
on the rod). Assume the mass is a little
bug that can walk as it pleases on the rod
(or in the slot) and you control how the
turntable/rod rotates. Name two situa-
tions inwhich one of the terms is zero but
the other is not in the two term polar co-

ordinate formula for velocity, �R �e
R
+R �� �e

�
.

You should thus gain some insight into
the meaning of each of the two terms in
that formula.
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Problem 18.5

Answer:

One situation: Çv = R �� �e
�
;the case of a

particle constrained to move in a circle.

17.1.5
Saturday, April 20, 2019 11:52 PM

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.
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Katherine CaoGiven : mass m Tu the slot/ on the nod
Find :

Name 2 Situations in whie on=ofIheIÉE but
:

theyre in the two term potence formula forvelocity
F- izer + Rieece

situation 2 : Keir = J' ⇒ pi o

F- tiger + piece = Rieie = Rweie
In this scenario , the little bug does not move
relative to the turntable / rod .

It only rotates
together with the turntable / rod . Circular Trajectorywith fixed radius

r
r

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.
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situation 2 : Rice = 0 With 12=10
,

i-OT-Reie-kief.ie= ier

In this scenario
,
the turntable /rod is stationary

and does not rotate
.

The bug moves along the
stationary sloe on the stationery turntable /
Stationery rod . Trajectory along eñ

•7
•7 Just showing

trajectory .

actual direction

of⇒ depends
on É sign

situation 3 : Rite"a=0 With 12--0,0=10
,
ito

F- izér +☒ ieeo = tier
In this scenario , the turntable /rod Tsntl stationery .

At some moment The bug passes through origin . its velocity is

along the slit /rod , J=Éeñ . Once moved

away from origin :
F-- izeiit Reiéie

. Riled -1-0 since 12=10
.
into

Trajectory depends on iz and 0 . If i.ie both
constant

, spinal shape .

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.
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0 0
( Sony imagine those are smooth lines . . . )

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.
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18.1.6 Picking apart the polar co-
ordinate formula for acceleration.
Reconsider the con�gurations in prob-
lem 18.1.5. This time, name four situa-
tions in which all of the terms, but one,
in the four termpolar coordinate formula

for acceleration, Ça = . �R*R ��2/ �e
R
+.2 �R ��+

R ��/ �e
�
, are zero. Each situation should

pick out a di�erent term. You should
thus gain some insight into the meaning
of each of the four terms in that formula.

Answer:

One situation: Ça = �R �e
R
; the case of no

rotation ( �� = �� = 0).

17.1.6

Friday, April 26, 2019 2:15 PM

Disclaimer:We have lost track of the many people who wrote these solutions.
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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.
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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.
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HW12-P63-18.1.6
Friday, April 30, 2021 8:47 AM

   HW Solutions Page 1    
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   HW Solutions Page 2    
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 18. 1. Polar. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem. . . 11

   HW Solutions Page 3    
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18.1.7 The two di�erential equations:

�R * R ��2 = 0

2 �R �� + R �� = 0

have the general solution

R =

t
d2 + .v.t * t

0
//2

� = �
0
+ tan*1.v.t * t

0
/_d/

where �
0
, d, t

0
, and v are arbitrary con-

stants. This solution could be checked by
plugging back into the di�erential equa-
tions � you need not do this (tedious)
substitution. The solution describes a
curve in the plane. That is, if for a range

of values of t, the values of R and � were
calculated and then plotted using polar
coordinates, a curve would be drawn.
What can you say about the shape of this
curve?

[Hints:

a) Actually make a plot using some
random values of the constants
and see what the plot looks like.

b) Write the equation F = ma for a
particle in polar coordinates and
think of a force that would be rel-
evant to this problem.

c) The answer is something simple. ]

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.
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18.1.9 Find expressions for �e
t
, a

t
, a

n
, �e

n
,

and the radius of curvature �, at any posi-
tion (or time) on the given particle paths
for

a) problem ??,

b) problem ??,

c) problem ??,

d) problem ??,

e) problem ??, and

f) problem ??.

Answer:
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Disclaimer:We have lost track of the many people who wrote these solutions.
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18.1.10 Aparticle travels at non-constant
speed on an elliptical path given by y2 =

b2.1 *
x2

a2
/. Carefully sketch the ellipse

for particular values of a and b. For vari-

ous positions of the particle on the path,
sketch the position vector Çr.t/; the po-
lar coordinate basis vectors �e

r
and �e

�
; and

the path coordinate basis vectors �e
n
and

�e
t
. At what points on the path are �e

r
and

�e
n
parallel(or �e

�
and �e

t
parallel)?

17.1.10

Friday, April 26, 2019 2:56 PM
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Disclaimer:We have lost track of the many people who wrote these solutions.
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MAE 2030 HW P64 (18.1.10) Solution Duan Li

theta = linspace(0, 2*pi, 1000);

x = a*cos(theta);

y = b*sin(theta);

plot(x,y);
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If drawing the ellipse in MATLAB
,
do

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

Where ér 11 én
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