Introduction to Mechanics for Engineers — Ruina & Pratap Ch1 Section 1.5

1.5.1 Consider the vector equation c) A= Jj» B=2 J»
aA+bB=C f =3t ~
with A, B, and C given. For the cases be- d) A4 - L+J, B=-1+]
low find a and b if possible. If there are c=2j
multiple solutions give at least 2. If there e) A=1i+2j, B=2i+3],
are no solutions explain why. C=31+4j
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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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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. 5. Solving...

Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap

Problem 1.5.2

3

1.5.2 Consider the vector equation c) A
L B
aA+bB+cC=D ~
N _ d A
with A, B, C and D given. For the cases B
below find a if possible, there is no need R
to find b and c. e) A
a) A=i,C=k c
B=jD=3i+4j+19 B
b) A =2i,C = 15j + 360k D
B=31+4j,D=2i+17j+37k
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b4 37 -1y
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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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j+kD=j

i+j+k C=31+4j+5k
2i43j+4k,D =4i+5j+7k
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Problem 1.5.2...
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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 1.5.2...

(253 - )b+ (320 -3) ¢ =45 -e

= (winy
(253 -§5) () - (2% -§T) (wid)
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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 1.5.3

1.5.3 In the problems below use matrix b)
algebra on a computer to find a, b and ¢
uniquely if possible. If not possible ex-
plain why not. You are given that ©)

aA+bB+cC=D d)
and that e)

a) A=i,B=j,
C=k D=-2i4+5j+10k

Code:
syms a b ¢
% a) %
disp("a)")

A = ax[1; 0; 0]

B = bx[0; 1; 0];
C = cx[0; 0; 11;
1
)

D = [-2; 5; 10
solve(A+B+C==D

% b) %
disp("b)")
A = ax[1; 1; o];

B = bx[-1; 1; 0];

C = cx[0; 0; 1]1;
D = [2; 0; 0];
solve(A+B+C==D)

% C) %
disp("c)")

A = ax[1; 1; 11;
B = bx[2; 1; 1];
C = cx[1; 2; 11;
D = [2; 1; 11;
solve(A+B+C==D)
% d) %
disp("d)")

A = ax[1; 2; 31;
B = bx[4; 5; 6];
C = cx[7; 8; 9];
D = [0; 0; 10];
solve(A+B+C==D)
% This cannot be

% e) %

disp("e)")

A=i+j,B=—-i+],
C=k,D=2i
A=i+j+k,B=2i+j+k,
C=i+2j+k,D=2i+j+k
A =1i+2j+3k,B = 4i+5j+6k,
C =7i+8j+9k, D =10k
A=+1i+V2j+/3k,B =4+
V5j+ ek,

C =7i+/8j+,/9%, D = \/10k

solved as explained in Question 1.5.2 d)

A = ax[sqrt(1); sqrt(2); sqrt(3)];
B = bx[sqrt(4); sqrt(5); sqrt(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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C = cx[sqrt(7); sqrt(8); sqrt(9)]1;
D = [0; 0; sqrt(10)];
solve(A+B+C==D)

The solution to the question is:

a)a=-2,b =5¢=10

b)a=1,b=-1,¢=0

cga=0,b=1,¢c=0

d) This cannot be solved 2 sets of equations are linearly dependant, and we can only obtain
2 sets of linearly independant equations with 3 unkown variables.

8V5-5V14

Ve -2V12-6V2 +3V5 + V84 - V105

b e 2V/35-2V/2
V6 -2V12-6V2 +3V5 + V84 - V105

_ -3V5
V6 -2V12 - 6V2 +3V5 + V84 -/105

e)a=

C

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 1.5.4

1.5.4 The three forces shown in the fig-
ure are in equilibrium, i.e, T, +T,+F = 30°

0. If |[F| = 10N, find tensions T, and T,
(magnitudes of T, and T,).

Problem 1.4

T, tog (SO “~ ‘rzsk U+
ein 1S0 o -1

SR
2T+ 2 +0| - o
T‘/z -10N

To=20WN
Substitute Valve of T,

T, = {3 x 20W
=z

T, c 1083

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 1.5.5

9

1.5.5 Points A, B, and C are located in
the xy plane as shown in the figure. For
position vectors, we can write, g +7¢ 5 =
7. Find || and |?C/B| ifr, =10mi.

9
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N\60° 45°/ X
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Problem 1.5

s\l € wsbo? * gin 60] )
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=] 10m
[ By, o Fg ) ) ) l

lra [+ 32 )= 20m  — (D)
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GYy- ()
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(1-33)

Subskitote vale of I-_:,),l,

5 N
| (espl= 20m - [l

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 1.5.6

1.5.6 Three vectors, A, B, and C, (shown
in the figure) are such that A+ B+ C =
0. You are given that A = |A] = 5 and
C = |C| = 8. Find 6.

Problem 1.6
tes 210
2
ﬂ =
Sin 210
-
B =
(0% (30,0 0)
=l
P
Sin (360 -6)
é) + é’+ c

.S
2+ @ ain (340-p)

Find Valve of 6,

ws(360-0) = SB&

\b

tsg = sJ3
6

G = 5723

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.

—z— + @ tos (360 -9)
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Problem 1.5.7
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157 Let F, + E, + F, = 0, where F, =
10N(i—j), and F, /|F,| = 0.250i40.968 j
and E,/|E,| = —0.4251—0.905j. Find |F,|
from a single scalar equation.

3
o7 olon |
-\

a

F\ H 0-25
0:96%

A

F= -0y2s
- 0-905

2 a 5 A Py
\RIG ¢+ \F)I\F, * $20

Y -

(6 lo2s ~ |F:lo~-.zs + 100 < ]0

\ @098 - |71 0-005 - lon o
IF\* W0 + \Riovzs)d

>
(0-068 x4 ) (10N +\F, (0-428) 10N =0
)
\ﬂl:é 19N - 10N ) x ’_
-Qp8x ¢y 0-42§
TeN-3FS N

Substitvie Vabe of [Fo,

2
18- 20-66N

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 1.5.8

1.5.8 To evaluate the equation } F =
ma for some problem, a student writes

YF = F,i— (F, - 30N)j + 50Nk
in the xyz coordinate system, but @ =

2.5m/s? + 1.8m/s>j — a k' in a ro-
tated x'y’'z’ coordinate system. If i’ =
cos60'1 + sin60"j, j = —sin60'1 +
cos60° jand k' = k, find the scalar equa-
tions for the x’, y’, and z’ directions.

Ny * a
¢'7 toshoy +Sin bO s
$'7 -6 b0l x cos 0] —tin

Sinbo (i) + 060G
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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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Z”_ SoN

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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1.5.9 A car travels straight north-east for
a while on a dirt road that leads to a
north-south highway. The car travels on
the highway due north for a while. When
the driver stops, the GPS system indi-
cates that the car is 60 miles north and 30
miles east from the starting point. Find
the distance travelled on the dirt road.

|- 1): e
R

0 ° domi

Hence e tar Aravelled on the dict road Joc 30 miles.

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 1.5.10
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1.5.10 A particle is held at point P with
the help of three rods PA, PB, and PC.
Let the tensions in the three strings be
T ., Ty, and T, respectively (so that T,
acts along line PA and so on). The equi-
librium of the particle requires that T, +
T, +T.+W = 0where W = 10N k
is the weight of the particle. Find the
magnitudes of tensions in the three rods

A

s

(note, tension can be negative).

z  B(0,2,4)
C(0,4,2)
N P(2,2,1
EXK iy A
W
X
Problem 1.10
- 2 2
= Py S
T2 T = (0 T = T|-2 w
-2 -3 -\
‘?G-t?c +T;\ <0
g+ 2Tg + 27T 0
2]a - 27 kN )
<1787 3T Te -loN N
Tg =T
Ty l(./z

Substitute  Valve gt Tp ond Te

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 1.5.11

1.5.11 You are given that F, + F, + F, =
5kN jwhere F, = (2i—3j+4k)kN,E,
(i + 5k)kN. Find the direction of F‘S (An
angle measured CCW from the +x axis
to the direction of positive F,).

2 \ x
Y =)
LA B I A O § K= ]y
] S z
Q 5 5 ~
fox F,_a-%: SkNj
2+ [+ 0
-3+ y BN = | S [Rn
Yt Stz 0
2 = -3RN
%:RhN
z =-qRY

Subctitite Value of €. Y.2,

o 3
L 7| 8]k
-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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1.5.12 A plane intersects the x, y, and z
axis at 3,4, and 5 respectively. What point
on the planeis in the direction i+2j+ 3k
from the point (10,10,10)? (Find the x, y
and z components of the point.).

To dind the noems) vechr o the plane

N
? 3 iJk
4Ix{o]=]% -m 0
o ‘S 3 0 S

"

~ S A
200+ 155 +12R

Point on e Plave = |20 mW
15 X | w0
n w
TN
0 € 12
(0 w 0

30¢ - €0§ + SoR
= woesl-ef esh)

Hence the goint on fhe plane ic ' (20,-€0,50),

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 1.5.13

2x =3y +5=0,
y+2rz =21,

1
sx—-2y+mz—11=0.

1.5.13 Write the following equations in
matrix form to solve for x, y, and z:

2x—35 -5
g + 2=z =2

AN P 13 +w2=1)

2 -3 0 -S
nlof+r y[1 [+ 2w |n

‘13 -2 T n

2 o' X [ <

2 1 -2 y |- 2

0 T & 2 "

Find Lnverte of the w-edbicentc matrin

”® rsli o -“}/Eszo -S
11 Y2 ' Pei| |2
z Y g, | |

(.52

h6g

-5.87

72 = -1§2 , -3’—%-68, 2 =-$-QF

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 1.5.14
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1.5.14 Are the following equations lin-
early independent?

a) x, +2x, +x; =30
b) 3x, +6x, +9x; = 4.5
€) 2x, +4x, +15x, = 7.5.

2ox 2oy + Xg 2 30
34t baty + Uogz= S
2, + hay + 154 2 7S
\ 3 2 %, Jo

2 by Ay | = ws
v 9 S A 7S

Find de reed of the to-eHicent matein

reed- | | 0 -4
0\ 216
o 00

The Cgvohuns are ‘:’ntm'y dependant as  the seome*r.'z molkiplieity s 2, act3.

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 1.5.15

1.5.15 Write computer commands (or a
program) to solve for x, y and z from
the following equations with r as an in-
put variable. Your program should dis-
play an error message if, for a particular
r, the equations are not linearly indepen-

dent.
a) 5x+2ry+z=2
b) 3x+6y+Q2r—1)z=3
c) 2x+(r—1)y+3rz=>5.
Find the solutions for r = 3, 4.99, and 5.

Code:

syms r xy z

A [532; 2¢r 6 (r-1); 1 (2xr)-1 3xrl;
B = [x; y; zl;
C = [2; 3; 51;

% For r =3 %

disp("r = 3")
solve(subs(A,r,3)*B==C)

% For r = 4.99 %
disp("r = 4.99")
solve(subs(A,r,4.99)*B==C)

% For r =5 %

disp("r = 5")

solve(subs(A, r,5)*B==C)

disp("Hence this cannot be solved for r = 5")

The solution to the question is :

Forr = 3:

ol 5,8
167 1678

Forr = 4.99:

67499 —-180553 104602

= 3957 Y T 2395 2395

7

Forr=5:
No solution can be found.

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 1.5.16
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1.5.16 An exam problem in statics has
three unknown forces. A student writes
the following three equations (he knows
that he needs three equations for three
unknowns!) — one for the force balance
in the x-direction and the other two for
the moment balance about two different

1 1
a) FI—EFZ‘}'\/—E

3
b) 2F1+;F2=0

F,=0

) ZFZ +/2F, =0.

Can the student solve for F;, F,, and F,
uniquely from these equations?

points. Answer:
Yes.

v 2 0 F 0

A 5/1 4, 61 o

l/ﬁ (o] ﬁ f 0

Find amd multiply tne egodtion ¥ Yhe inverse of the w-elicents mat i,

3 0-3 -0y 0701 0
1T [ess 02 -03ap 0
I3 045 0.2 0383 0

9 F.:Fz :F}:O

He'lte, Yo thudent camot Qolvg for thete Joreiee unmless ‘H«.msavf-hdc o all2
Yoreee are 0.

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 1.5.17

1.5.17 What is the solution to the set of

equations:
X+y+z+w =
X—y+z—-w
x+y—-z—-w = 0
x+y+z—-—w = 27

& W e x
"
® o 8 o

find and mllivld vector C(looh'on with tre wveste o} tae wedhicient matrinc.

2% Y2 o o 'h 0
9] . Vo 0 0 0
el [o 220 0
W 00 Y| |2
[Ya 1
94 - (V]
z 0
W -
Hence, 2« =1, §:2:0,0 =-\

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.



