Introduction to Mechanics for Engineers — Ruina & Pratap Ch1 Sectionl2

1.2.1 Find the dot product of @ = 2i +
3j—kandb =2i+ j+2k.

oz 2f+33-1

Z : 22 ‘:l.\ + 2%

N D

b = (2xD% (3x )+ (-1x2)d

b+ z.2

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 1.2.2

1.2.2 Find the dot product of F = 0.5 Ni+
1.2Nj+1.5Nkand 4 = —0.8i + 0.6 .

2 .
F:0-50T + (2n)) + ¢1-5 ik

(4N
'A’(' 0@?4-?\»1

i?-')\ = (06w X(ogm))+ CU2W )4 (15 xom)

2 -0y tdmt |-2Nm

= 0-8Nm

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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1.2.3 Find the dot product F-Fwhere F =
(5i+4j)Nand 7 = (—0.8i + j)m . Draw
the two vectors and justify your answer
for the dot product.

) A
Fz(sie vl

?‘— C-0.8% +:"\)'m

a4
F-r (508 7 Co2m) » (4N & 1)

> ~UnNm+ hNm

= 0nNm

(N3

Since 3 and 7 e Pcrpcnd:culaf fo each ofner, e
Prod@.chon of one on the other would be abt twe point
they intes ect with the teng of 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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1.2.4 Two vectors, @ = —4\/§i +12jand

b=i- \/Ej are given. Find the dot prod-
uct of the two vectors. How is a-b related
to |a||b| in this case?

-5? = 0337 + 123

U]

Find dot product,
5
oa-bz CA3AN 4+ (22603
2 -6
Find Produet of !na%ni‘h’deS)
la1= St—uﬁ)‘ 2
= g@
e et
1p1=4 +#33)
< 2

1RV Wiz g% az

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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1.2.5 Find the dot product of two vectors
F =101bfi—201bf jand A = 0.8i+0.6j.
Sketch F and 4 and show what their dot
product represents .

P 2(008)7 - C20064)]

n A A

Xz 0Q7 4 0-63

?.7\7 B & \ofbd x 0-8) + (-200b8 x 0-6)
2B 0by -2 vt

U Lot

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 1.2.6

1.2.6 The position vector of a point A is
7, = 30cmi. Find the dot product of 7,

withi=Ci4 1)

-] A
g ¢ (30em) i

/'\ ~
¢+ 17
29

o)
b4
\

- (30«»\ n%)-&- (Orm \‘_z_l)

= 15(3 tm

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 1.2.7

7

y
1.2.7 From the figure below, find the F=100N
component of force F in the direction of by B
A 30° 10°
x
Problem 1.7

S

[F1=100N

EREN

Find avlee betpeen ?and:\,

O = (90-10)+ 30
: ho

S A ),
f7~>\ = |F‘|?‘\’\('OS9FA
2100 W K1 X 2ll0

z 3420

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.



8 Chapter 1. 2. The dot... mtroduction to Mechanics for Engineers

« © 2026 Andy Ruina & Rudra Pratap

1.2.8 Find the angle between F, = 2Ni +
5Njand F, = —2Ni + 6Nj.

=)

E z 2“’5‘ - Sh\?
= ~ n
F; = 'QN‘-“'G“S

F-’-IJ Dn“" p«gdvc‘{)

A 4
fo B = (28%628)) & (SNKEN)

= -ynta 3ot
= g bw-

>

F«'nd maaw;kude O} ?, an) F

)
- S—‘—’_’—‘—-
IR JCawy & (ony
= F;:,N

—'7
Vig\ 2 J Camot 4 o)
z 25 ‘Q

-

.f)
Fof s WAL 6eB

) )
6= ' | fi-f

S D
[ARYAL

= (os" 261>
1530
= yg-83

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 1.2.9

9

1.2.9 Given @ = 2rad/si +
3rad/sj, H, = (20i 4+ 30j) kgm?/s and
H, = (101 + 15 + 6k) kg m?/ s, find (a)
the angle between & and H , and (b) the
angle between @ and H,.

-
(NI (2r¢dlg\f x (‘Sf.dlg)'j\

5
L= (207 +307 ) by wtls

-

Uy = ol #1654 bR hgete

- =
[T

"

Lzoksm’-/s A2 @dls) *+ (Bohgw'/e X 3 rud/s)
ho ks mirad 16* x Q0 hs ' @d [¢*

120 @y m*fad/s*

(e &Czohgw?/sf' + (30 1g o)

< IOST‘." hs mt /e

151= JCzrdte)= + €3 coarey

< \ﬂ_l vadls

Find angle bet een W and >,

0 - o ﬁ?:;)
s

ros"[ 130 kg m*cad /s
10J% hgutse x I 10 €

:O'

Y

2. %@ Co by ls X 2d/s) + (S hgm/s x 3 codls) +(bhari/s X 0 rodrs)

: (20 +u8) hg mtrod I L

"

6S Ryg 0% cad /2

(1= 4 to kynt fs)* 4 (1S hgnt/s) + (Ghg m*/s)

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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=19 hsm"’s
Find angle between Az amd &)

9 = Cog”! o
(RS

»n

tos'| 65 hgmradlst
1a ﬁﬂmlfs X S'a'd)/s

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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1.2.10 The unit normal to a surface is
given as 71 = 0.74i + 0.67 j. If the weight
of a block on this surface acts in the —j
direction, find the angle that a 1000 N
normal force makes with the direction of
weight of the block.

hE 0wl 067]

_"’ _ -~

F = -tooon

Fing Dot Produet amd vndgm"fvdegl

o
F.n: (-0oow xo78) + (0N x0.6F\

= -7uooN
(F1= 10000
1wt=1
pey A
Q- tog'| €-n
(e

= tof TwooN
fooonx |

= h2.27

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 1.2.11

1.2.11 Vector algebra. For each equa- You may use trivial examples.
tion below state whether: W) A+B=B+A4

1. The equation is nonsense. If so,

why? b) ftb = l) tA
2. Is always true. Why? Give an ex- ©)A-B=B-A
ample. d) B/C =B/C
3. Is never true. Why? Give an ex- e) b/ﬁ =b/A
ample. o
4. Is sometimes true. Give examples f) A=(A-B)B+(4-C)C+(A-D)D
both ways.

(05 2. ‘le_c'\‘or oni’ﬁavx i< bmmu’l’l“’-‘ve.

“evu.e, E*—g'- 2*3

(5) 2. A scaler cont be added o a veclor , herte he equation shill holds.

&V} bey
3

Hene, Reb = be A

() 2. Dot Products ace lommutotive, hence He e,;\,ahon holdg 4eve,

g

ﬁj-fz C1x3) + (2x2)t (3m)
=0

a9 o
B-f = 3x1) + (2x2) 4 (1x2)
= (O

DD D

Yene, A0 8.4

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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13

C9) |- there is no such tiwags as vector dwision , et holde no qeometric infec prefation .
@) I. 3t is not possible o divide o Scalar b¢ o vechr.

CH U 1t i foe S 33,3 ate 0« 100 norma\ vectors.

<) o
H'_ { "E:' |c’7= 0 -?)3
2 0 vVl
3 [ 0 .
Y
ﬂ-

o

3 [(m) + (2r0) 4 tgxoﬂ\:‘Jx x U\!on(um-t'swﬂ[?] + [Cmo‘h (2no]+(3x\)][o}
0
o
.

-\ 0 0
o]l +]lz2 | * o
o o 3
| =)

= 2 ‘:g
5

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 1.2.12

1.2.12 Use the dot product to show ‘the
law of cosines’; i. €.,

¢ =a?+ b*> +2abcosb.

(Hint: ¢ = a+ B; also,c-¢=¢-¢)
Problem 1.12

To Teove: = ot & x Zobeos O

A D
Write et gg ¢ * 0

'
“

= =
(8 «B) (2«5
D
z o:"-\'t} + 2% 2.b

2Bk 2x12 (B ixoe®

"

o® + y & 2abcosd
= RHg

Hence ) P(oved.

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 1.2.13

15

1.2.13 Find the direction cosines of F =
3Ni—4Nj+ 5Nk.

F= (30-1 +6h)

(P12 [ antt » Cunlt 1 (Sl

= 5\
A _'i(\_i’.\ (-
A= C T VR

Find ansle alh =&~ anis,

0 tos™ : 3\
(AN

"

o2

= (o8 (S\‘i)
T bu-8a

Find M-ch w03 th Y s

A

Cos”' ? A
A
l’,"\\&\

£ otoS (soi)

[

»

\<

> §5.5¢°

find andle with 2 -axtis,

Vv . fog_| 'E&
IRUAL

- o' &)

LTS

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 1.2.14

1.2.14 A force acting on a bead of mass
m is given as F = —201bfi + 221bfj +
121bfk. What is the angle between the

force and the z-axis?

=2 "
F= (207 + 22§20

17l =

Jt20005 + (220547 + Cizorr

2 [257 It

Fid angle  wilh 2-a0t1%,

W

H

"

A D
s | b F.)
YR

o | 1219
2557 0b?

6802

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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1.2.15 (a) Draw the vector ¥ = 3.5 €
i+35€ j—495 € k. (b) Find the
angle this vector makes with the z-axis.
(c) Find the angle this vector makes with
the x-y plane.

(@) @ 35 a8 « 3.5 i-hasinh

\ L SR TN
i ’
S
S !
) ‘ !
C ’
2 a , :
. .
3 - e H
H
o= mmmmm——- = '
Y/ IR :
. \ N 2
. _S';—~“: - /»
¢ , ' /
. Ko H -
. .
. L2 ! g
l, 1 ‘
v .
.
‘I : .~

(o) Vs o' | e f”
B

€ -uaSin

(At o

(\= S(Z-s Y+ (3-5 )t ¢ (A )t
B 7(’v\

Fmd MJle with 2'41({5)

V- tos'l . “-Qs )
(&S 7-'7\

< 3¢’

a
«l

. 35

L\

al

S

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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al A
6 - cos A-f
FARERE
(A2t
- 0
© fos Z x J
= 7
B [‘s'

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 1.2.16

19

1.2.16 In the figure shown, A and i are
unit vectors parallel and perpendicular
to the surface AB, respectively. A force
W = —50N}j acts on the block. Find the
components of W along A and .

Problem 1.16

)
Find wit vecdor inthe dicection of A,

) "
AT o330 ¢ + aim 320

= BT-19
= 2

>>
\
Y.
-

el
KRR

tmponeﬂf oF 3 o‘onﬂ 5.

l': < (3560? + s;ubog

tr 83
2

© |-

4

(om ponent of 3 d\on% "

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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o 25
(A8) (B )

25w

(0\4 k%)+(-50ﬂt{i§)

- 25BN
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Problem 1.2.17

1.2.17 Express the unit vectors 72 and 4 J
in terms of £ and j shown in the figure.
What are the x and y components of 7 =

3.0fta — 1.5ftA?

~>
=

Problem 1.17

Answer:
r,=¥-i=(3cos0+1.5sin0)ft, r, =
7-j=(3sin6 —1.5cos6)ft.

1.54 Express the unit vectors & and A in terms of i and j shown in the
figure. What are the z and y components of r = 3.0ft& — 1.5ft A?

probfig 1.54:

—smdl + wse )

Cos6 T + swmh A

SILA

3fc A - Lsfe

(3ws6 +1:55m0) §t 4 + (3Si;10- IS cas0) £t 4

X= comp onenit (3eos®+ L,ssmB ) ft
Y- ompoment” = ( 3sim8 - |Swsd ) Ft

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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."
Y :30Rhn-1SHA
\ A ) A
n: (656 ¢ +9n9J‘
a A . A
A = 0s(0 +a0) ¢ + sin (0+Q0);
A A

-0sD ¢ + $aB |
S N oA Yy nd
= 309 (cosB -lsmed ) - 158+ CorosB ¢ + SmBj )

"(h-SfoSO/é\‘*f‘S s;nej‘);}b

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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1.2.18 Find the projection of vector 7,
(you have to first find this position vec-
tor)

1. on the y-axis, and

2. in the A direction.

Problem 1.18

= A A
o 30+ GmYk
2
(g * G Im)? & (Qm\;
AN D
rAB; f“’f“
A
: (‘l‘lm\li\. “(Zm\:‘;'uw\)h
. End Dot Produet,
F:m.'j‘ : (mx0) + (2mxD + (2 x0)
2m
N ~
2. Az ein30¢ 4 tos 303
2
(4

+ 13

J

Nk

-

Find Dot ?roJucf,
?:D'a ‘-(f‘mw_l ) 4 (ZMKE) +('2mx0>
2 2

B (—Zhﬁjm

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 1.2.19

23

1.2.19 The net force acting on a particle
is F = 2Ni + 10Nj. Find the compo-
nents of this force in another coordinate
system with basis vectors i’ = — cos6i +
sinfjand j) = —sin6i — cosfj. For
0 = 30°, sketch the vector F and show
its components in the two coordinate sys-
tems.

2 4 ~
F= IN¢+ 10N

/c':' : os@% ‘»Sinef
’5\’ = -4in@F - e8]
Find T in teeme of 37 and :i‘"
cos @ LA 0s'O ¢ + ¢m® wsO ] - M
g&'\e'j\' TGO - L;nsto'xgj‘ - D)
(RN
(059?'4 Sing‘?' s, (zo:me" Sin'lg)?
Tos (0 e ;:n9:-’)
sin@ T tesOsin0 7 4 sin“e‘,"\ - i)
(387 7 -006n0% - 0] - )
Gy - Civ)
$in® % - cos 9"}' = (sitro+ tocle)j"

§ a0t - rogs:}'

a )
P[v$ ‘A ? and l inte F,
F 2 -ty 0 450 §7) + oN Csin@F - 050 §°)
* (10050 - 200s8) i ~ (10M c0s 6 ¢ 20 5in®)
0= 30
] a A,
Fe(s0-J3W - (533 8+ 1M
7(3-260) 8 - (066 "

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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O R

o
N
(v

-1

-7

-3

o

-y )

oW o

L T

fnTerms $nTerms

- - A
of m\é? of ana?

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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P\
1.2.20 Find the unit vectors &, and &, in .
terms of i and jwith the geometry shown J
in the figure. What are the components |
of W along &, and &,? i w

Problem 1.20

. v N
. W
From b 4iguve it vectors . RS
Gy 0nd ¢, Cembe wxiHen in bewme of 13 . 2
T A o &
lg = o8B! + &ir@ )

n N
R = &Lnp 1 — COSE

Thes W con b oxiten O n
W = (W eoe8)dy — (Waine) e

AN

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.



26 Chapter 1. 2. The dot... 1toduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem...

-

Cg = (08 (270+0)% + sint2Fos ©)]
T ws®% - s‘i-e‘f
ae S 0sQ %4 5in®]
W - (@1
Find Dot Product,
@ (Msg) + (-@)x t-5ind))
[ e Q)

R 0 .
W .Gl 0}»1{5) £ (-130 x50

- {\.-3‘ ¢in®

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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1.2.21 Write the position vector of point Y P
P in terms of ;11 and iz and 2 —
92 A‘Z
1. find the y-component of 7, ‘ /A
/v
2. find the component of 7, along 4,. \91
X

Problem 1.21

) N A
o= UN 10N
n

Mr o0l 60,
~
N, 7 088,74 600

1

=) ~
0pc (Leosd ¢l tos® )T + (L sindy o Ly 5in6)]

<

L ro - ,3\ 2 (0 6B, + by 5in 6)
S N
2. (p- N = (f,m@,' ‘-Ltosel\ Q.u&g, & (Q(S}ﬂoﬁ !-,_ S?ng-ﬁ [, §in8,

: ﬂ, (coOc s sint®) + ll,ol ( cos@, (030, + inB,5in6,)

= Qs 0, C 05O, 08B, + sinb, sinB,)

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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1.2.22 o
Let F, = 30Ni + 40Nj — 10Nk,F, =

—20Nj+2Nk, and F=F,i+
Fy J=F,, k. 1f the sum of all these forces

must equal zero, find the required scalar
equations to solve for the components of

E.
2-2-33

- A A n
= BONI 40N ) —1pNK

- ~
SRONJ  + 2aNK

N ) Ty,
]

N A IS
= Rl 4Ryl - RLR

Suan af o 3 doctes ane gexop
5

R+ 48 =3
D (3oN+T,, N 1t
) (40N-200+ Fy])J 4—(-[0»1«2!\[-%2)12

Fov cbove teo b dyue coch comporenk must be
equel 1o gewo,
N -~
48 *Fs-t- =0

4oN-20N+ F, = 0

y =
-loN 4+ 2N -.Fg? e

T | R )
’ E- —30N | - 26Ny +2N|«/

LY

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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=9
Fo2 BonT 4 honj - onk

=) A

Al
Fa = -QOJ‘ £ 2Nk

ol A
-

A AR fyf~ farh
Rdd Vectore and Ei,,a*e, {b‘(:‘))
R
o087 + hon\-mNﬁ-zor\f;i’N{l\a& ﬁ'é‘
?3'- —wn?—zomj‘wu?;

59 fan =-30 N \ {3“1 =-200N, Ry = &N

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 1.2.23

1.2.23 A force F is directed from point
A(3,2,0) to point B(0,2,4). If the x-
component of the force is 120 N, find the
y- and z-components of F.

~
fo = ‘2\;\4- Wh

$v|=rfrad Pogition Uector of “:f’"“ B)

)
(an

A

< fe—f";
n
4 '3f+kk
) =} bo

= Saz X MON

2

n

-hudx_r—zg
A A
* 120Ni " JeoNk

Fy 0, Fa=-kON

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 1.2.24

31

1.2.24 A vector equation for the sum of where 4 = 0.30i — 0.954j. Find two
forces results in the following equation: scalar equations by dotting both sides of
the equation first with 4 and then sepa-

F R N rately with a vector orthogonal to A.
ZA-V3))+ 5Gi+6)) = 25NA Y 8

-B]) B BEg a0l
s

N

. sR)Z «-(—FE + bR 3\ = 2¢™A
s

—_—
el
|

A
Az 030 -09se]
A
Dot both ¢idee b:’ A'

3R -0. . = . . z
,%({'*g’)*( Nﬂ)(_FZJ}Jf.Sﬂ_R) 25 (03t + (o954)*)

0 o

£( 3+ LOAQthE]) + 3B ( 2 4 (ax t-o'qm? = 25
2 S
A
.A =0 C Pee pen d: eale 1
let X be ok 3:

0-35 -0-4shy =0

X = 0846k oy
03
| = Ja‘*u"‘

NESNL
-1y
(b))

= 0-209 ~ o3

€ = 0 asu

2 A
X * 0asui + 03]

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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1.2.25 Write a computer program (or use
a canned program) to find the dot prod-
uct of two 3-D vectors. Test the program
by computing the dot products i - 1,1 -
Js and j - k. Now use the pro-
gram to find the projections of F = (21 +
2j — 3k) N along the line 7, = (0.51 —
0.2j + 0.1k)m.

Code:

i = [1;0;0];
j = [0;1;0];
k = [0;0;1];

% Testing Program %
disp("Start Function Test")
dot(i,i)

dot(i,j)

dot(j,k)

disp("Function Test Completed")

% Main Question %
F = [2;2;-3];

rAB = [0.5;-0.2;0.1]1;
disp(" ");
disp("Answer: ")
dot(F, rAB)

function scalar = dot(v1,v2)
scalar = 0;
for i = 1:3

scalar = scalar + (v1(i)xv2(i));

end
end

Output of Code

Start Function Test

1

0

0

Function Test Completed
Answer : 0.3

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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1.2.26 What is the shortest distance be-
tween the point A and the diagonal BC
of the parallelepiped shown? (Use vector
methods and don’t use cross product.)

Problem 1.26

2 3 -%

o= oul

o= -0
RCERE

(oocdinotes }o(mx e = -3y = e A
poiﬂ" on B¢
2 w= '/kA’ 3: "’3}\’2 <A
Vebor drom A 4o wny point on Be @ (hA-0)2 & Cliza -o)j‘ e (A-0k
f;o' fgun =0

Cox WA 4 (3xf32) + Ux)=0

A '-‘13
?Oi"+ o B¢ closest b A: 3/q:',\ —"j‘ N !é"h
Shortest Digtamee = SU/«\?\- e & ()

12,

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.



