Introduction to Mechanics for Engineers — Ruina & Pratap

10.5.1 Before a collision two particles,
my = 1kg and my = 2kg, have veloci-
tiesof v, = 10m/sand v; = 5m/s. Af-
ter the collision the velocity of A is v} =
6m/s.
a) What is the momentum of A be-
fore the collision?
b) What is the momentum of B be-
fore the collision?
¢) What is the system momentum
before the collision?
d) What is the momentum of A after
the collision?
e) What is the system momentum af-
ter the collision?
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f) What is the momentum of B after
the collision?

g) Whatisthe impulse that A applies
to B during the collision?

h) What is the impulse that B applies
to A during the collision?

i) What is the kinetic energy of the
system before the collision?

j) What is the kinetic energy of the
system after the collision?

k) What is the coefficient of restitu-
tion?
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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 10.5.2

10.5.2 A ballis dropped from a height of
h, = 10 m onto a hard stationary surface.
After the first bounce, it reaches a height
of h; = 6.4m. What is the coefficient of
restitution between the ball and ground?
What is the height of the second bounce,
h,?
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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 10.5.3

10.5.3 A 20 gram, 500 m/s bullet em-
beds in an initially-stationary 50 kg rigid
block. What is the coefficient of restitu-
tion? What is the velocity of the block af-
ter this collision?
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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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Answer:

Note: the mass ratio is so high that
there is no real loss of accuracy if you
take the post-collision mass m, + m, as
50 kg (the 0.004% error is surely much
smaller than the inaccuracy in any of
the other numbers in the problem).
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Problem 10.5.4

tional to the incoming speed, vt = ev™,
where 0 < e < 1. What is the maximum
height the ball reaches after one bounce,
in terms of h, e, and g.

10.5.4 A ball of mass m is dropped ver-
tically from a height h. The only force
acting on the ball in its flight is gravity.
The ball strikes the ground with speed v~
and after collision it rebounds vertically P —

with reduced speed v* directly propor- h =eh
max .
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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 10.5.5

5

10.5.5 Set up the following equations in
matrix form and solve for v, and v, if
v, = 2.6m/s, e = 0.8, m, =2kg, and

my = 500g:
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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 10.5.6

10.5.6 Before a collision two particles,
m, = 7kg and m, = 9kg, have veloci-
tiesof v, = 6m/s and v; = 2m/s. The
coefficient of restitution is e = .5. Find
the impulse of mass A on mass B and the
velocities of the two masses after the col-
lision.
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HW5-P18-10.5.6

Tuesday, March 9, 2021 5:32 PM

10.5.6 Before a collision two particles,

my = Tkg and mg = 9kg, have veloc- 50(‘-«"' .o 9

iliej‘;)f. N :t 6 m/"s a‘nd 'fz—; —) m’/s.;hﬁ /

coetficient of restitution 1s ¢ = .5. FINC

the impulse of mass A on mass B and the M;u"s q&‘ ZQKMNOL'\//
velocities of the two masses after the colli-

sion.
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13

MAE 2030
HW 5, Q18 Solution
Solution by Michael Zakoworotny

de o0 oC oe

clear all; clc; close all;

oe

Define symbolic variables
e - coefficient of resititution

oe oo

ma, mb - masses of particles A and B
va, vb - velocities of particles A and B before collision

oe  o°

vap, vbp - velocities of particles A and B after collision

o

syms e ma mb va vb vap vbp real; $ use 'real' attribute to force real numbers

¢ Define symbolic equations for momentum conservation and restitution
momentum = ma*va + mb*vb == ma*vap + mb*vbp;

restitution = (vbp - vap) == e*(va - vb);

% velocities and parameters

[vap_sol, vbp sol] = solve([momentum,restitution], [vap,vbp]l);

% Solve for impulse on mass B, using the change in momentum of mass B
B = mb*vbp sol - mb*vb;
P B = simplify(P_B); % get into factored form

g

disp ('The symbolic expression for P B is:');
pretty (P_B);

% Substitute numerical values:

$e=0.5 ma=7%g, mb=295%kg, va=26m/s, vb =2 m/s

% Evaluate symbolic expression to obtain numerical value

vap = eval (subs(vap_sol, [e,ma,mb,va,vb], [0.5,7,9,6,2]1));

vbp = eval (subs (vbp_sol, [e,ma,mb,va,vb], [0.5,7,9,6,2]));

P_B = eval (subs(P_B, [e,ma,mb,va,vb],[0.5,7,9,6,2]1));

disp(['The numerical value of v A after collision is: ', num2str(vap),
disp (['The numerical value of v_B after collision is: ', num2str (vbp),
disp (['The numerical value of P_B after collision is: ', num2str(P_B),

The symbolic expression for P_B is:
ma mb (va - vb) (e + 1)

The numerical value of v A after collision is: 2.625 m/s
The numerical value of v_B after collision is: 4.625 m/s
The numerical value of P B after collision is: 23.625 kg-m/s

Solve system of equations for the final velocities, in terms of initial

m/s']);
m/s']);

kg-m/s']) ;

Published with MATLAB® R2019b

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 10.5.9

10.5.9 A bullet of mass m with initial
speed v, is fired in the horizontal direc-
tion through block A of mass m, and be-
comes embedded in block B of mass m;,.
Each block is suspended by thin wires.
The bullet causes A and B to start mov-
ing with speed of v, and vy respectively.
Determine
a) the initial speed v, of the bullet in
terms of v, and vy,
b) the velocity of the bullet as it trav-
els from block A to block B,and
c) the energy loss due to friction as
the bullet (1) moves through block
A and (2) penetrates block B.
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10.5.10 A basketball with mass m, is does the rubber ball bounce (mea-
dropped from height h onto the hard sure height relative to the collision
solid ground on which it has coefficient point)?

of restitution e,. Just on top of the bas-
ketball, falling with it and then bounc-
ing against it after the basketball hits the
ground, is a small rubber ball with mass
m, that has a coefficient of restitution e, mize the height of the bounce of

with the basketball. the rubber ball and what is that
a) In terms of some or all of m, height?
m,, h, g, e, and e, how high

b) Assuming the coefficients of resti-
tution are less than or equal to
one, for given h, what mass
and restitution parameters maxi-
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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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10.5.10 A basketball with mass m is a) In terms of some or all of my, m,.,
dropped from height 4 onto the hard solid h, g, ep and e, how high does the Mm&w

ground on which it has coefficient of resti- rubber ball bounce (measure height
tution e. Just on top of the basketball, relative to the collision point)?

falling with it and then bouncing against b) Assuming the coefficients of resti-
it after the basketball hits the ground, is a tution are less than or equal to
small rubber ball with mass m, that has a one, for given h, what mass and
coefficient of restitution e, with the bas- restitution parameters maximize the
ketball. height of the bounce of the rubber

C ") ball and what is that height?
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10.5.12 According to the problem above,
unless energy is created in the collision
(as in an explosion), —1 < e < 1. Show
that, for given masses and given initial
velocities, that the loss of system kinetic
energy is maximized by e = 0.

MAE 2030 HW5 Prolem 20 Selekion
10.5.12 Depti Ya

10.5.12 According to the problem above,
unless energy is created in the collision (as
in an explosion), —1 < ¢ < 1. Show that,
for given masses and given initial veloci-
ties, that the loss of system kinetic energy
is maximized by ¢ = 0.
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