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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. 1
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Problem 1.3.1...
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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 1.3.2

1.3.2 Vector algebra. For each equation
below state whether:

1. The equation is nonsense. If so,
why?

2. Is always true. Why? Give an ex-
ample.

3. Is never true. Why? Give an ex-
ample.
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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.

4. Is sometimes true. Give examples
both ways.

You may use trivial examples.
a) BXC=CxB
b) BXxC=C-B
¢) C-(AxB)=B-(CxA)
d) Ax(BxC)=(A-C)B—(A-B)(C
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Problem 1.3.2...
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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 1.3.3

5

1.3.3 What do you get when you cross a
vector and a scalar?

Answer:
No partial credit.
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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 1.3.4

1.3.4 Carry out the following cross prod-
ucts in different ways and determine
which method takes the least amount of
time for you.
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—0.31bfi — 1.0Ibfk; #xF =?

b) # = (=i 4+20j+ 04k)m; L =
(3.5j —2.0k)kgm/s; ¥ x L =?

c) = ({—-1.5jrad/s; ¥ = (101 —
2j+3k)e; axF=?
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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 1.3.5
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1.3.5 Cross Product program Write a
program that will calculate cross prod-
ucts. The input to the function should
be the components of the two vectors and
the output should be the components of
the cross product. As a model, here is a
function file that calculates dot products

Code:

[

in pseudo code.

fprogram definition
z(1)=a(1)*b(1);
z(2)=a(2)*b(2) ;
z(3)=a(3)*b(3);

w=z (1) +z(2)+z(3) ;

% Example Vectors %

vl = [3;4;0];
v2 = [4;3;0];
cross(vl,v2)

% Function
function w

to Calculate Cross Product%
= cross(vl,v2)

w = zeros(3,1);

w(l) =

w(2)

w(3)
end

(v1(2)%v2(3))-(v1(3)*v2(2));
—(v1(1)*v2(3))-(v1(3)*v2(1));
(v1(1)*v2(2))-(v1(2)*v2(1));

The obtained cross productis: — 7k

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.



Problem 1.3.6

8 Chapter 1. 3. Vector... Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap
Z
A
) ) D
1.3.6 Find a unit vector normal to the T
surface ABCD shown in the figure. 4" B
il 7,4 ‘
x5 —IC
Problem 1.6

=2 Y

rn 2 bk

\:‘:; = s in;\

o) A a
To = Sinit hink

> ~
oz ~ 5€.n§— hin R
-~

< _(;nl':

Find Cross Product,

I A A

foa X (ao | U 3 h
o S -4 |m!
5 00

= =204 228 R

Find mag ~hde of cfe(sr))vlvau¢+)
-) 2
V%X fao) = &(—20#) t C2s iy
: SWe

Fid unit vests im¥e dirgelon o} the orosr W\k—f_\

- 5
UntVectr= X fao
\f-:nx?»\
Fut-sh
= 2L Gufash)
o™

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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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 1.3.7...
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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 1.3.8
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1.3.8 The equation of a surface is given as
z = 2x — Y. Find a unit vector 72 normal
to the surface.
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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 1.3.9

1.3.9 In the figure, a triangular plate
ACB, attached to rod AB, rotates about
the z-axis. At the instant shown, the
plate makes an angle of 60" with the x-
axis. Find and draw a vector normal to
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the surface ACB.
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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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1.3.10 What is the distance d between
the origin and the line AB shown? (You
may write your solution in terms of A and
B before doing any arithmetic).

X
Problem 1.10

Answer:
3

d=4/-.

2

1.55 What is the distance d between the origin and the line AB shown? (You
may write your solution in terms of A and B before doing any arithmetic).
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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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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 1.3.11
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1.3.11 What is the perpendicular dis-
tance between point A and line BC
shown? (There are at least 3 ways to do J
this using various vector products, how L
many ways can you find?)

Problem 1.11

- a A
fa= 37¢3
?M: 7?—3‘3‘
= n A
rﬁC: L - 3.)

Find onit veche in the divection of the erosc producf,

R x it
a o
S L N
6 0 1 [x |47 |
2 -3 0

ﬁi
21 (324 2F)
Y
PR
o' x 3 + "3x 2%
Y et
© A
Y
T -9

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 1.3.12

1.3.12 Given a force, F1 =(-3i+2j+
5k) N acting at a point P whose position
is given by ., = (4i —2j + 7k) m, what
is the moment about an axis through the
origin O with direction 4 = isi +
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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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1.3.13 A, B, and C are located by position
vectors 7, = (1,2,3), 7, = (4,5,6), and
7. = (7,8,10).

a) Use the vector dot product to find
the angle BAC (A is at the vertex
of this angle).

b) Use the vector cross product to
find the angle BCA (C is at the ver-
tex of this angle).

() ?: l?§23+

¢) Find a unit vector perpendicular
to the plane ABC.

d) How far is the infinite line defined
by AB from the origin? (That is,
how close is the closest point on
this line to the origin?)

e) Is the origin co-planar with the
points A, B, and C?
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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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Disclaimer: We have lost track of the many people who wrote these solutions.
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Problem 1.3.14
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1.3.14 Points A, B, and C in the figure
define an infinite plane.

a) Find a unit normal vector to the
plane.

b) Find the perpendicular distance
from point D to this infinite plane
(notnecessarily inside the triangle
ABO).

¢) What are the coordinates of the
point on the plane closest to point

D? Problem 1.14
d) Is this point on or off the triangle AnsAwell: R
used to define the plane? @n=-0Qi+2j+k).
(b)d =1.
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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 1.3.15

1.3.15 What point on the line that goes
through the points (1,2,3) and (7,12,15)
is closest to the origin?
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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.



Chapter 1. 3. Vector... Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 1.3.16 21

1.3.16 A regular tetrahedron
is a triangular-based pyramid where all
6 edges have the same length ¢. What
is the perpendicular distance between a
pair of non-touching edges? (There are
many ways to solve this problem).

Answer:
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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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1.3.17 Why did the chicken cross the
road?

Answer:
To get chicken road sin theta.

To Se‘f clhiclen oad e theta.

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.



