2-52. Express each force as a Cartesian vector and then determine the resultant force
Fr. Find the magnitude and coordinate direction angles of the resultant force and
sketch this vector on the coordinate system.

2-68. Determine the magnitude and coordinate direction angles of F; so that the
resultant of the two forces acts along the positive x axis and has a magnitude of 350
N.



2-52
Unit vector:

Ur1 = cos60°i + cosA5%) + cos60°k  Upp = -

Force vector: F=F(up)
F1 =5 (cos60° + cosA5°] + cos60°k)
={2.5 + 3.536] + 2.5k} kN
= {2.5i + 3.54j + 2.5k} kN Ans

Fo=2(-]) ={- 2j} kN Ans

Resultant force vector:
Fr=F+F;

={25i + 3.536] + 2.5k} + - 2j}
={2.5i + 1.536j + 2.5K} kN

Magnitude of Fr :

Fr=2.5% +1536% +2.5? = 3.855 kN=3.85 kN Ans

Coordinate direction angles :

Fr _ 250 +1.536) + 2.5k

Ug = = 0.6486i + 0.3984) + 0.6486k

" TR, 3.855
cosa = 0.6486 a =49.¢6° Ans
cosh = 0.3984 b =66.5° Ans

cosg = 0.6486 g=49.6° Ans



2-68

Force Vector

F1 = 180 (cos15° sin60°i + cos15° cos60°j — sin15°%k)
= {150.573i + 86.933] — 46.587k} N

Fo = Fod + Faj + Fok
Fr = {350} N

Fr=F+F;
350i = {150.573i + 86.933] — 46.587K} + Fai + F2,j + Fak

350i = (150.573 + F2)i + (86.933 + Fa)j + (F2z— 46.587)k

Equating i, j, k components yields :

150.573 + F2x = 350 Fox =199.427 N
86.933 + F,y =0 Foy=-86.93N
Fo,- 46.587 =0 F2,=46.58 N

F, = {199.427i — 86.933] + 46.587k} N

Magnitude of F; :

Fo= J199.4272 +(-86.933) +46.587° =222 N

Coordinate direction angles :

F, _199.427i - 86.933j + 46.58k

Ur2 = -2 =
F, 222.48
=0.8964i — 0.3907] + 0.209k
cosa, = 0.8964 a,=26.3° Ans
cosh, =-0.3907 b, =113° Ans

cosgp = 0.2094 =779 Ans

Ans



2.7 Position Vectors:

- Concept

- Formulating Cartesian force vector directed between any two points in space.

- Usesfor finding Moment

X, VY, Z Coordinates:;

- R.H. coordinate system

- pointsin space are located relative to coordinate origin by successive
measurements along X, y, & z axes.

Position Vector: T

Def.- afixed vector which locates a point in the space relative to a other point if
extends from origin to point P (X, y, 2).

\ r:xf+y]+zl2

toarivea P
0® xi®yj® zk

head-to-tail vector addition



General Case: vector directed from point A to point B

FOr I

TA:XAi +ij+ZAk

TB:XB?+yB]+ZBl2

by head-to-tail vector addition o T,+7 -1, =0
T, +T=T,
\ T:TB-TB:(xBiA+yBAj+zBQ)-(fo+yA]+zAR)

A A A

= (XB - XA)i +(yB' yA)J+ (ZB' ZA)k

i ] k components of the position vector r :

subtracting coordinates of the tail of the vector A (Xa , Ya , Za)
from coordinates of the tail head of the vector B (s , Y& , ZB)



2.8  Force Vector directed along aline

U : unit vector =

- | =

- F has units of forces

- Fcan't be scaled

Procedure:
To express F in Cartesian coordinates (along line A to B)

1. Determine the position vector ¥ & compute its magnitude, r.
directed from A to B

2. Determine the unit vector 0 = !
;

b direction & senseof T & F

3. Determine force vector, F, by combining mag. F & direction 0.

F=FuO



2-89. Two tractors pull on the tree with the forces shown. Represent each force asa
Cartesian vector and then determine the magnitude and coordinate direction angles of
the resultant force.



2-89
Force vector:

rea = (20 cos 30° — 0)i + (- 20 sin 30° — 0)j + (2-30)k
= {17.32i — 10j — 28K} ft

rea = 4/17.32% +(- 10)% +(- 28) = 34.409 ft
&, 0 7.32i - 10j - 28K &
Fo=F, = 502732101 280
ey & 34409 g

= {75.505i — 43.593] — 122.060k} Ib

={75.51 —43.6] —122k} Ib Ans

rac = (8—0)i + (10— 0)j + (3—30)k
= (8i + 10j — 27K) ft

rec = /8 +10% +(- 27)% = 29.883 ft
2,0 i +10j- 27K &

F, = F, gec 2o 10028 110 27k 0
fe & 29833 g
= {26.771i + 33.464j —90.352K} Ib

={26.8i + 33.5] —90.4k} Ib Ans
Resultant force vector:

Fr=F+F;
= (75.505i —43.593j- 122.060K) + (26.771i + 33.464] — 90.352k)
= {102.276 — 10.129) — 212.412k} Ib

Magnitude:

Fr= /1022767 +(- 10.129) + (- 212.412)°
=235.97 Ib=236 I Ans

Coordinate direction angles:

y = Fr _102276i- 10.129j- 212412k
"R, 235.97
= 0.4334i - 0.04292j —0.9002k
cosa =0.4334 a=64.3 Ans
cosb =-0.04292 b =925 Ans

cosg=-0.9002 g=154° Ans



29 Dot Product:
angle between two lines

components of aforce// and* aline

in2-D ® by trigonometry, \ trigonometry is easy to visualize
in3-D trigonometry is difficult

® vector methods

Dot Product: a particular method of “multiplying” two vectors

Ex. dotproductof A & B is A>B

Def. A>B isthe product of the magnitude of A & B and the cosine of the angle q
between thelr tails.

A>B =ABCosq 0°£q £180°

Dot product = scalar product P result is a scalar and a vector

Laws of Operation

1. Cumulative Law A8 = BXA

2. Multiplication by aScalar ~ a(A>B) = (aA)B = A xaB)

(A>B)a

3. Distributive Law AXB+D) = (AxB) +(A>D

A



Cartesian Vector Formulation:

iX=(D@D(cos0) =1 , i¥=()(D)(cos90) =0, ik =(1)(1)cos90 =0
=% = kx
=1
kdk =1
Ex. AB=(A,i+A,j+A,Kk) x@B,i+B,j+B,k)
=A,B,(iH) +A,B, (%) +A,B, (%)

+A,A, (4)+A,B, (%) +A, B, (%)

+A,B, (k) +A,B, (k%) + A,B, (kx)
AB=A,B, +A B, +A,B,

\ dot product of two Cartesian vectors

P multiply their corresponding X, y, z componerts & sum their products
algebraically.

* Scalar



Applications:

1. Angle formed between two vectors or intersecting lines, q

AB=ABCosq ® Cosq:ﬂ
AB
q:Cos‘l% 0° £ g £ 180°

vs]

if AsB=0 b q=Cos'@=90pb A~B

2. Components of avector // & ~ aline.

Componentsof A // or collinear a-a¢line

= A//

A, =ACosq projection of A onto line a-a¢
=A xXu

directionof A, U unit vector

A,=A,u0=ACosqu
= (Ax) O

Scalar projectionof A aongalineaa b dot product of A and the unit

vector U which define the
direction of theline.

+: A, samesenseas U

-ve A, oppositesenseof O
o Componentof A * a-a¢

A=A, +A, p A, =A-A,

, 2800
mag. A~ ® Find q:coslg—i
A g

Ar=Asing






