
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 13 Section 13.2

13.2.1 Assuming �; v0, and e to be
known quantities, write the following
equations in matrix form set up to solve

for v¨
Ax

and v¨
Ay
:

sin �v¨
Ax

+ cos �v¨
Ay

= ev0 cos �

cos �v¨
Ax

* sin �v¨
Ay

= v0 sin �:

Answer:

v¨
Ax

= *v0.1 * e/ sin � cos �

v¨
Ay

= *v0.e cos
2 � + sin

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.
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13.2.2 The equation (Çv¨
1
* Ç

v¨
2
/ � �n =

e.Çv2 * Ç

v1/ � �n relates relative velocities
of two point masses before and after fric-
tionless impact in the normal direction �n
of the impact. If Çv¨

1
= v1x

�{ + v1y
�|; Çv¨

2
=

*v0 �{; e = 0:5; Ç

v2 =
Ç

0; Ç

v1 = 2 f t_s�{ *

5 f t_s �|, and �n =
1ù
2
.�{ + �|/, �nd the

scalar equation relating the velocities in
the normal direction.

Answer:

v1x
+ v1y

+ v0 = 1:5

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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13.2.3 The following three equations
are obtained by applying the principle
of conservation of linear momentum on
some system.

m0v0 = 24m_smA * :67mBvB * :58mCvC
0 = 36m_smA + :33mBvB + 0:3mCvC
0 = 23m_smA * :67mBvB * :58mCvC :

Assume v0, vB, and vC are the only un-
knowns. Write the equations in matrix
form set up to solve for the unknowns.

Answer:

r̀p
0 *:67mB *:58mc

0 0:33mB 0:03mc

*m0 *:67mB *:58mc

asq r̀p
v0
vB
vc

asq = *mA r̀p
23m_s

36m_s

24m_s

asq

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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13.2.4 The following three equations are
obtained to solve for v¨

Ax
, v¨

Ay
, and v¨

Bx
:

.v¨
Bx

* v¨
Ax
/ cos � = v¨

Ay
sin � * 10m_s

v¨
Ax

sin � = v¨
Ay

cos � * 36m_s

mBv
¨
Bx

+mAv
¨
Ax

= .*60m_s/mA:

Set up these equations in matrix form.

Answer:

r̀rp
*cos � *sin � cos �

sin � *cos � 0

1 0
m
B

m
A

assq r̀p
v¨
Ax

v¨
Ay

v¨
Bx

asq = * r̀p
10m_s

36m_s

60m_s

asq

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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13.2.5 Solve for the unknowns v¨
A
x

, v¨
A
y

,

and v¨
B
x

in problem 13.2.4 taking � = 50
ý

,

mA = 1:5mB and mB = 0:8 kg. Use any
computer program.

Answer:

v¨
A
x

= 39:62, v¨
A
y

= *8:79, and v¨
B
x

=

13:59

clear all;
clc;
theta = 50*pi/180; % Angle in radians 
mB_by_mA=1.5;
A = [-cos(theta) -sin(theta) cos(theta);

sin(theta) -cos(theta)      0;

1 0 mB_by_mA];

Y = [- 10 36 60]';
X = A\Y;

Matlab gives:
X = [39.62  - 8.79  13.59]';

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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13.2.6 Using the matrix form of equa-
tions in Problem 13.2.1, solve for v¨

Ax

and v¨
Ay if � = 20

ý

and v0 = 5 f t_s.

Answer:

v¨
Ax = 1:6.e * 1/ and v¨

Ay = *.4:4e +

0:58/

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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13.2.7 Two frictionless equal-mass
pucks sliding on a plane collide as shown
below. Puck A is initially at rest. Given
that .VB/i = 1:0m_s, .VA/i = 0, and
.VA/f = 0:5m_s, �nd the approach an-

gle � and rebound angle 
. The coe�-
cient of restitution is e = 0:9.

A

B

(VA)f  

(VB)f  (VA)i=0  

(VB)i  

φ

γ

Problem 13.7

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.
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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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"
c
'n' lKatherine Cao J

n n

R2
-

s I

*

Given : 2 frictionless equal
-mass pucks

tha = M, = m

before collision
(VA ) i -- o

(VB ) E- tour Is in NY
.
With approach angle of

1-

after collision (VA) f - o. sink in j
coefficient of restitution e -- o . 9

Find : approach angle 4 and rebound angle j

with the problem setup , the normal direction of
the plane .

the direction approach and separation are measured with

respect to , A =

IT , is unit vector
in VB): direction

It is unit vector in His )f direction
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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→ →

VAI -- O

vi. = Visa Ii , hi = - cost tsing't

TAI -- wtf I
VII =Vef th ,

hi = - cos r + sin rf

Conservation of momentum :

MA VAI t MBVII = MANTI t MBVFSF
Since MA = Mrs=m

fait VII = VI.ft VII
substitute values

⇒ T't Visit- cosof it stuff ) = Haff + Usf Hostilesint I ①

Separate E I direction

① . I

-VBI Cost = -↳fast ②
A

① - j
VBi sin4 = Vaf + Vosf ein r 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.
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Textbook p ffs for Newton's law of
collisional restitution

HII -VIII. 'n' = - elite -VIII. a
substitute Tn Values

⇒ ( VAf
'

j - VBf I- cost + sin rt ) ) . 'm

= -e ( F - Visit - cosy + sing'j ) ) - ni ④

Since i =
'

j , ④ turns into

VA f - Usf siur-evbis.nl ⑤

With equations ② , ③ , ⑤

-VBI Cost = -↳fast ② VBI = 1.0 Mls

Vii sin4 = leaf + ↳fern r③
Utf -- 0.5mis
e = 0.9{

Vaf - Usf sinr-evisis.nl⑤
substitute in values

- ( lmk) cost = -Usf cos r ⑥
⇒ ( (lmk) sin of = 0.5 m/s + Usf Sint ⑦

o - 5 m/s - Vef sinr = fo . 9 m/s ) since ⑧

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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3 Unknowns 10 , 8 , VB f-
3

equations

"

: ⑥ ⑦ ⑧

⇒ to = 5mi
' Tg =0.554rad

f = tant lo .
0306) = 0.0306rad

VB = o
.
851 m/s ( not required )

cheek Results :

→ →

VAI -- O mls

VII = Visa Ii = Va ( - cost tsing 't )
= Hints) f - o .

850
'

I t 0.526
'

j )

VII. = Vaf I = co - sink)
'

j

VII -Vef NY -- Ucsf ( - cost + sin rt )
= ( o . 851m/s) ( - o . 9995 Et o . 0306¥ )

conservation of momentum ?

Tait VII = VI.ft VII ? substitute in results

VAT-14737 = ( link) f - o .

8-so I t 0.526£ )
→

TAFT VBf = co .sn/stj-1o.8sim/s ) ( - o . 9995 Et o . 0306¥ )
-

fo . Sio mls Iii to .
526 mls)

'

I
= vii. vi.

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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Check Newton's law of collisional restitution

Faf -VIII. 'n' = - ectai -VIII. a
substitute in results I remember n'' = )

(VII - VIII. 'n' = ( Tat - VII ) - I

= fo - 5mA)
'

j - lo . 851m/s) ( - o . 9995 Et o . 0306¥ ) ) .
"

J
= o .

474 m/s

- e ( Tai - VII) - n' = - e Chiu -Visit
= - o . 9 ( Omb E - clunky - o .

Seo
'

it 0.526£ ) ) &
T

Zero vector
= 0.473 m/s

pointy any direction

Difference of 0.474Mls and 0.473 m/s

due to significant figures throughout calculation

no .5M Is
a closer

portrait
A

assign ¥
.

'

Y 'Ms

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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13.2.8 Reconsider problem 13.2.7. Given
instead that 
 = 30ý, .VA/i = 0, and
.VA/f = 0:5m_s, �nd the initial velocity

of puck B.

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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13.2.9 A ball of mass m = 0:5 kg is
thrown up in the air with initial speed
v0 = 50m_s at an angle � = 60ý. The ball
lands on and bounces o� a slanted �oor
that makes an angle � = 15ý with the
horizontal. Assume the collision with
the �oor to be elastic and ignore air drag
on the ball.

a) Find the impulse of the collision of
the ball,

b) After bouncing o� the slanted
�oor, how much horizontal dis-
tance does the ball travel before
landing on the ground again? Is
this distance more, less, or the

same as it would have travelled
had the �oor not been slanted?

x

m
y

o
A

αθ

⇀
v0

g

d

Problem 13.9

Answer:

(a) 2mv0 sin.� * �/.sin��{ + cos� �|/

(b) d =
v2
0

g
sin.2�*4�/; The distance af-

ter bouncing o� a slanted �oor is more.

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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13.2.10 Solve the general two-particle
frictionless collision problem. For exam-
ple, write computer code that has lines
like this near the start :

m1=3; m2=19 Set values of masses
v1zero=[10 20] Initial velocity of

mass 1
v2zero=[-5 3] Initial velocity of

mass 2
e=.5 Set coe�cient of

restitution
theta=pi/4 Angle that the

normal to contact
plane makes,
measured CCW
from +x axis, in
radians

Your program (function, code, script)
should calculate the impulse of mass 1
on mass 2, and the velocities of the two

masses after the collision. Your program
should assume consistent units for all
quantities.

a) You should demonstrate that your
program works by solving at least
4 di�erent problems forwhich you
can check your answer by sim-
ple pencil-and-paper calculations.
These problems should have as
much variety as possible. Sketch
these problems clearly, show their
analytic solution, and show that
the computer agrees.

b) Solve the problem given in the
sample text given in the initial
problem statement.

Answer:

One test problem is this: Çv*
1
= �{; Çv*

2
=

Ç

0; m1 = m2 = 1; e = 0; � = 0. This

should have the solution Ç

v+
1

= Ç

v+
2

=

0:5�{;
Ç

P = 0:5�{.

MAE2030 HW P28 (13.2.10) Solution Duan Li

-
-

Ya
← Vi

> × Mi Mi -F\ na I
m- ¥ Xo -

KE P ma

Given
:
2 particles frictionless collision → B H in → D= Pri
m

, , ma .

Ji
,

Ji
,
e . 0

Find : VT
,

JI
, Impulse of m , on ma

-F

Solution :

I = hx it ng j , nx = cos 0 , ny = Sino

linear momentum balance

F = m. (Jit - T ,

-

) ① ← I vector eqn
= 2 scalar eqns

- p = malt! - JI ) ② ← I vector eqn
= 2 scalar eqns

( more details on next page)
Restitution

-Ji
'

) . in = - e ( J,

-

- Ji ) . in ③ ← I scalar egg

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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① -③ in total have 5 scalar eggs & 5 unknown scalars

I

it = C vii.
, vis )

'

Ji' = C vii.
,
is; s

'

p = Pri

convert from vector eggs ① -③ to scalar eggs

① ⇒ Pinxit ng j ) = m, C vii. i + Vij j - Vix i - Vij j )

① . i → Phx = m, C vii. - Vix )

m, vii. - nx P = m, v.I ④

① . j → P ng = m, ( Vij - Vij I

m, Vij - ng p = m, Vij ⑤

② ⇒ - Pcnn.it ng j ) = mac v! i +Vj j - Vix i -Kj j )

② . i → - Phx = Md Vai - Vix )

Mz Vai t nx P = Mz VI, ⑥

② . j → - P ng = Md Vj - Vzj I

mzvzj t ng p = mzvaj 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.
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③ ⇒ (Vix - VIX ) nx + wig - vz; ) ng = - e ( J.

-

- Ji ) . in

nxvix + ng vis - nxvztx - nyvz; = - e ( J.

-

- Ji )j
convert from scalar eggs ④

-⑧ to a matrix eqn

In:÷÷÷÷÷t÷÷÷l÷÷÷. IO O O Mathy
nx Ny - nx - ng O - e(J

,

-

- JI ) . in

--
→ -

M X b

↳ I = Mtb

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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(a) Verify Matlab code ( on page 7
) with 4 simple cases

Case I
. equal masses head on elastic collision

→ - W
-

V
, Vz

M,
= Mz = Im' > \

, !
M'

j
,

-

= ( i , o )
'

,
Ji -- l - 1,0 )

'

e = I
,

O = 0

Intuitive analytical solution :
TT -- Ji

,
Ji = J

,

-

It = C - I , o )
'

,
VT = ( I , O )

'

.

-F = ( 2 , ol
'

Case 2
.
mz collides onto a

"

wall
"

-
-

Vz
M,

= 104
,

Ms = I
m' )
, ,

< MZ

f
,

-

= ( o , o )
'

,
Ji = l - 2,0 )

'

e = I
,

O = 0

Intuitive analytical solution ,
Tat = - VI

Jit = ( o , O ) '

,
VT = ( 2 , O )

'

.

-F = ( 4 , ol
'

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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Case 3 . equal masses stick together after collision

Mi M,
= Mz = I

- - J
,

-

= ( o , -3 )
'

,
Ji = ( O , - I )

'

V
, v

Mz
e = O

,
O = TY2

-
-

✓z v n th
-

Intuitive analytical solution :
Ji = JI = I ZJI

Fit = ( o , -2) '

,
VI = ( o , -2)

'

.

-P = CO
, -17

'

Case 4
. barely touching , frictionless
Mi

% Mi = 2
,

Ma = 3

ji VT = ( o , o )
'

,
Ji = l l , I )

'

Mz e = 0.8
,

O = 3h14

Intuitive analytical solution :
Ji = Ji

,
JI = Ji

Ji = ( o , o ) '

,
JI = C l , I )

'

.

-F = ( O
, o )

'

Analytical solutions for case I - 4 all agree with Matlab outputs .

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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(b) Given ( assume consistent units )

M, =3 ,
Ma = 19

J
,

-

= ( lo , 20 )
'

,
VT = C -5 , 3 )

'

e = 0.5
,

O = -144

Output from Matlab

Jit = C - 10.7 , -0.7 )
'

Ji' = C - 1.7 ,
6.3 )

'

-P = ( 62.2 , 62.2 )
'

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.
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General two-particle frictionless collision
Author: Duan Li
Mar 18, 2021

% This program solves the general two-particle frictionless
% collision problem.

clear all; close all;

% ##### USER INPUT #####
partN = 'b';
caseN = 4; % only for part (a)

% Settings for different parts/cases
if partN == 'a' % part (a)
    switch caseN
        % 4 different cases to verify the code
        case 1
            m1 = 1;
            m2 = 1;
            v1zero = [1, 0]';
            v2zero = [-1, 0]';
            e = 1;
            theta = 0;
        case 2
            m1 = 10000;
            m2 = 1;
            v1zero = [0, 0]';
            v2zero = [-2, 0]';
            e = 1;
            theta = 0;
        case 3
            m1 = 1;
            m2 = 1;
            v1zero = [0, -3]';
            v2zero = [0, -1]';
            e = 0;
            theta = pi/2;
        case 4
            m1 = 2;
            m2 = 3;
            v1zero = [0, 0]';
            v2zero = [1, 1]';
            e = 0.8;
            theta = 3*pi/4;
        otherwise
            error('Invalid case number.')
    end
elseif partN == 'b' % part (b)
    m1 = 3;
    m2 = 19;

1

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 13. 2. Collisions. . . Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem. . . 25

    v1zero = [10, 20]';
    v2zero = [-5, 3]';
    e = 0.5;
    theta = pi/4;
else
    error('Invalid part number.')
end

% pack parameters
p.m1 = m1;
p.m2 = m2;
p.v1i = v1zero;
p.v2i = v2zero;
p.e = e;
p.theta = theta;

% solve the two-particle frictionless collision problem
[I, v1f, v2f] = collision(p);

% print out solutions
disp('Velocity of mass 1 after the collision')
disp(v1f)
disp('Velocity of mass 2 after the collision')
disp(v2f)
disp('Impulse of mass 1 on mass 2')
disp(-I)

function [I, v1f, v2f] = collision(p)
% Input (wrapped in p):
% m1  - mass 1
% m2  - mass 2
% v1i - initial velocity of mass 1, 2x1 vector
% v2i - initial velocity of mass 2, 2x1 vector
% e   - coefficient of restitution
% theta - angle of the normal to contact plane,
%         measured CCW from +x axis, in radians

% Output
% I   - impulse of mass 1 on mass 2, 2x1 vector
% v1f - velocity of mass 1 after the collision, 2x1 vector
% v2f - velocity of mass 2 after the collision, 2x1 vector

% unpack parameters
names = fieldnames(p);
for i = 1:length(names)
    eval([names{i} '= p.' names{i} ';']);
end

% collision plane normal vector
nx = cos(theta);
ny = sin(theta);
n = [nx, ny]';

% Matrix M

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.
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M = [m1,  0,   0,   0, -nx;
    0, m1,   0,   0, -ny;
    0,  0,  m2,   0,  nx;
    0,  0,   0,  m2,  ny;
    nx, ny, -nx, -ny,   0 ];

% right hand side vector b
b = [m1*v1i; m2*v2i; -e*(v1i-v2i)'*n];

% solve for the unknowns
x = M \ b;

% unpack the solution
v1f = x(1:2);
v2f = x(3:4);
I = x(5)*n;
end

Velocity of mass 1 after the collision
  -10.7273
   -0.7273
Velocity of mass 2 after the collision
   -1.7273
    6.2727
Impulse of mass 1 on mass 2
   62.1818
   62.1818

Published with MATLAB® R2020b

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.
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13.2.11 A projectile is launched at � =
40ý with speed v0 = 25m_s. The pro-
jectile lands on a steel plate that can be
adjusted to make any angle � with the
horizontal. The projectile bounces o�
the steel plate without losing any en-
ergy. The projectile is required to reach
a height after rebound twice as much as
it did during its �ight before hitting the
plate. Ignore air resistance.

a) Find the required angle � of the
plate.

b) Can you always �nd some � for
any launch angle � < �_2 such

that h2 = 2h1?

x

y

o
A

αθ

⇀
v0

g

h1

h2

Problem 13.11

Answer:

(a) � is the solution to equ. sin.� +

2�/ =
ù
2 sin �

(b) � can be obtained only for 0 f � g
�

4
. � =

sin
*1

.
ù
2 sin �/*�

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.
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13.2.12 Two equal mass cars approach
an intersection at right angles. They
crash and stick together. One of the cars
was going at 30 mph before the crash.
The other car's path gets de�ected by 15ý.
How fast was it going?

Answer:

112 mph

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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13.2.13 A ball m is thrown horizontally
at height h and speed v0. It then has
a sequence of bounces on the horizon-
tal ground. Treating each collision as
frictionless with restitution coe�cient e

how far has the ball travelled horizon-
tally when it just �nishes bouncing? An-
swer in terms of some or all ofm; g; h; v0
and e.

Answer:

v0

u
2h

g

�
1+e

1*e

�

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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13.2.14 A game involves using a pedal
to direct a falling ball into a �xed verti-
cal slot by simply rotating the pedalwhen
the ball hits the pedal. A model of this
game is shown in the �gure. The ball is
thrown horizontally with an initial speed
v = 10m_s from a height h1 = 3m. The
pedal is located at d = 2m from the wall
that houses the slot at height h2 = 2m.
The slot itself is 0:3m in extent. The co-
e�cient of restitution between the pedal
and the ball is e = 0:9. The air resis-
tance is negligible. Find the angle � or
the range of this angle, so that the ball

makes it through the slot. You can ignore
the dimensions of the ball.

x

m

d

h1

y

o A α

⇀
v0

g

h2

0.3m

Problem 13.14

Answer:

� =
1

2
tan*1 H 2v

0
*
t

2gh
2

v
0
+2
t

2gh
2

I

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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13.2.15 An airplane is �ying steadily
at an altitude of 30; 000 f t at a speed
of 500mph. It explodes into two equal
pieces. One piece is found to the right
of the airplane's initial trajectory and
8 miles forward of the explosion point.

Where should you look for the other
piece? Assume the interaction impulse
is in the horizontal plane and make the
approximation that the two pieces �y in
frictionless parabolic trajectories.

Answer:

4 miles forward of the explosion point.

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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13.2.16 Consider the simultaneous col-
lision of a ball with a ramp and the ramp
with the ground. Consider the ball to be
much more massive than the cart; m1 =
20 kg andm2 = 1kg. The angle of the in-
clined face is very shallow, � = 2ý. The
ball hits the cart with the velocity Ç

v1 =
50m_s�{. The impact of the ball with the
ramp is elastic and frictionless. The ramp
ends up moving in the �{ direction. Find
the subsequent velocities of the ball and
the cart using the twomethods discussed
in Sample ?? and Sample ??. Comment
on the answers you get. How will your

answers change if you reversed the mass
ratio?

m

ı̂

ĵ

mα 
υ

1 0

2

Problem 13.16

Answer:

If the collision between the ball and the

cart is considered �rst we get vcart =

0:11m_s while if the collision between

the cart and ground is considered �rst

we get vcart = 2:26m_s. If the mass ra-

tio is reversed we get vcart = 0:0055m_s

and vcart = 0:0058m_s in the two cases

respectively.

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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C:\Users\Smart\Downloads\Prob_12_2_16.m 03 March 2017 12:47

% Dynamics Solutions

% Chapter 12

% Problem: 12.2.15

% Method 1 Sequence of collisions

clear all

m1 = 1; % mass of the ball in kg

m2 = 20; % mass of the cart in kg

alpha = 2*pi/180; % ramp angle in radian

v0 = 50; % initial velocity of the ball m/s

e = 0.9; % coefficient of restitution

M = [m1, 0, m2, 0, 0;...

0, m1, 0, m2, 0;...

sin(alpha), -cos(alpha), -sin(alpha), cos(alpha), 0;...

-m1, 0, 0, 0, -sin(alpha);...

0, -m1, 0, 0, cos(alpha)]

P = [m1*v0; 0; -e*v0*sin(alpha); -m1*v0; 0]

Vp = M\P

P2 = -m2*Vp(4,1)

% Speed of ramp in x direction after second collision

V2xpp = Vp(3,1)

%

%% Method 2 Simultaneous collisions

Mm = [m1, 0, m2, 0, 0;...

0, m1, 0, 0, -1;...

m1, 0, 0, sin(alpha), 0;...

0, m1, 0, -cos(alpha), 0;...

-sin(alpha), cos(alpha), sin(alpha), 0, 0]

Pp = [m1*v0; 0; m1*v0; 0; e*v0*sin(alpha)]

Vv = Mm\Pp;

v2vx = Vv(3,1)

Pp2 = Vv(5)

-1-

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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13.2.17 Consider the simultaneous col-
lisions problem of problem 13.2.16 again.
Now assume thatm1 = 5kg,m2 = 10 kg,
Ç

v1 = 50m_s, e = 0:75, and the angle
� = 88ý. What is the net loss of energy
in the impacts as calculated the two dif-
ferent ways?

m
ı̂

ĵ

mα 
υ

1
0

2

Problem 13.17

Answer:

Energy lost is 1829:3 J by one method

while it is 1824:9 J by another method.

C:\Users\Smart\Downloads\Prob_12_2_17.m 03 March 2017 12:46

% Dynamics Solutions
% Chapter 12
% Problem: 12.2.15
% Method 1 Sequence of collisions
clear all
m1 = 5; % mass of the ball in kg
m2 = 10; % mass of the cart in kg
alpha = 88*pi/180; % ramp angle in radian
v0 = 50; % initial velocity of the ball m/s
e = 0.75; % coefficient of restitution
M = [m1, 0, m2, 0, 0;...

0, m1, 0, m2, 0;...
sin(alpha), -cos(alpha), -sin(alpha), cos(alpha), 0;...
-m1, 0, 0, 0, -sin(alpha);...
0, -m1, 0, 0, cos(alpha)]

P = [m1*v0; 0; -e*v0*sin(alpha); -m1*v0; 0]
Vp = M\P
P2 = -m2*Vp(4,1)
% Speed of ramp in x direction after second collision
V2xpp = Vp(3,1)
%
%% Method 2 Simultaneous collisions
Mm = [m1, 0, m2, 0, 0;...

0, m1, 0, 0, -1;...
m1, 0, 0, sin(alpha), 0;...
0, m1, 0, -cos(alpha), 0;...
-sin(alpha), cos(alpha), sin(alpha), 0, 0]

Pp = [m1*v0; 0; m1*v0; 0; e*v0*sin(alpha)]
Vv = Mm\Pp;
v2vx = Vv(3,1)
Pp2 = Vv(5)
%% Energy loss
Ek11 = 1/2*m1*v0^2 % initial energy in J
Ek21 = 1/2*m1*(Vp(1)^2+Vp(2)^2)+1/2*m2*(Vp(3)^2+Vp(4)^2)
El1 = Ek11-Ek21
Ek12 = 1/2*m1*v0^2 % initial energy in J
Ek22 = 1/2*m1*(Vv(1)^2+Vv(2)^2)+1/2*m2*(Vv(3)^2)
El2 = Ek12-Ek22
meff = m1*m2/(m1+m2);

dEk1 = 1/2*meff*((Vp(1)-Vp(3))^2+Vp(2)^2-v0^2)
dEk2 = 1/2*meff*((Vv(1)-Vv(3))^2+Vv(2)^2-v0^2)

-1-

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.


