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, 6,

and 6.

b) Find the x and y coordinates of the
path as functions of b and r or b
and 6.

Problem 18.1
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Answer: . '
plot(2): 6(t) = br(t)and b = %éﬁ%é,.
plot(2): x = rcos(br) and y = rsinbr
orx = E cos(f) and y = % sin 6

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 18.1.5

Top view

18.1.5 Picking apart the polar coordi-
nate formula for velocity. This prob-
lem concerns a small mass m 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 Top view
(or in the slot) and you control how the

turntable/rod rotates. Name two situa- @
tions in which one of the terms is zero but

the other is not in the two term polar co- 0
ordinate formula for velocity, Ré, + Réée.
You should thus gain some insight into
the meaning of each of the two terms in J X
that formula.

Problem 18.5

Answer:
One situation: = ROé;the case of a
particle constrained to move in a circle.
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18.1.5 Picking apart the polar coordi-
nate formula for velocity.  This prob-
lem concerns a small mass m 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 situations in which one
of the terms is zero but the other is not in
the two term polar coordinate formula for
velocity, Ré, + ROé,. You should thus
gain some insight into the meaning of each
of the two terms in that formula. *
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18.1.6 Picking apart the polar co-
ordinate formula for acceleration.
Reconsider the configurations in prob-
lem 18.1.5. This time, name four situa-
tions in which all of the terms, but one,
in the four term polar coordinate formula

for acceleration, @ = (R—R6%)é, + (2R +

17.1.6

Friday, April 26, 2019
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RO)é,, are zero. Each situation should
pick out a different term. You should
thus gain some insight into the meaning
of each of the four terms in that formula.

Answer:
One situation: a = RéR; the case of no
rotation (6 = 6 = 0).
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polar coordinate formula for acceleration,
@ = (R— R0O%é, + (2RO + RO)é,, are /
zero. Each situation should pick out a dif- |'
ferent term. You should thus gain some in- .

sight into the meaning of each of the four \
terms in that formula. *
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18.1.7 The two differential equations:

R—R&2 = 0
2RE+RE = 0

have the general solution

v A2+ (u(t - t))?

6, + tan”"(v(t — t,)/d)

R

where 6, d, t,, and v are arbitrary con-
stants. This solution could be checked by
plugging back into the differential 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 ¢, the values of R and 6 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.

¢) The answer is something simple. |
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18.1.9 Find expressions for &, a,, a,, &,, Answer:
and the radius of curvature p, at any posi- (a)
tion (or time) on the given particle paths
for 2w, L
“i+esj
a) problem ??, e, = S
2t
b) problem ??, 4% +es
S
c) problem ??, 2
4t— +es m/s?
d) problem ??, a, =
e) problem ??, and 42 4 e%

f) problem ??. o , .
Q- 2£s)e? m/s’i + (42—2 - 4£s)e§ m/s?j

a, = —
4= te
52
t
o t .
o - e<1—2;J
n - =
4;4‘9s
[2
(4= +e>)
p = —=% m
(2-2%es
S
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Problem 18.1.10

18.1.10 A particle travels at non-constant
speed on an elliptical path given by y? =

b2(1 - %). Carefully sketch the ellipse
a
for particular values of a and b. For vari-

17.1.10
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ous positions of the particle on the path,
sketch the position vector ¥(t); the po-
lar coordinate basis vectors &, and é,; and
the path coordinate basis vectors &, and
é,. At what points on the path are e, and
é, parallel(or &, and é, parallel)?
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Problem...

MAE 2030 HW P64 (18.1.10) Solution

2

Gf[\/m. jlrt)l("%f)
Dzﬁim 0\=3,lo=l~f

Sketeh . El/bifsa/ F‘(-l;), Gt . &n, 21;

If AA’MU t/u.e/wfﬁ in MATLAB a!o

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

y = b*sin(theta);

plot(x,y);
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