UNIVERSITY OF ANBAR
COLLEGE OF ENGINEERING
DAM & WATER RESOURCES DEPT.

UNIVERSITY OF ANBAR

Lngineering Mechanics - STATIES

2.7 Position Vectors:
In this section we will introduce the concept of a

position vector. It will be shown that this vector is of
importance in formulating a Cartesian force vector

directed between two points in space.

x, y, z Coordinates, we will use a right-handed
coordinate system to reference the location of points in
space, Fig. 2-34. Points in space are located relative to the

origin of coordinates, O , by successive measurements

along the x, y, z axes. For example, the coordinates of
point 4 are obtained by starting at O and measuring x, = +4 m along the x axis, then
v4 = 12 m along the y axis, and finally z, = - 6 m along the z axis. Thus, 4 (4 m, 2
m, - 6 m). In a similar manner, measurements along the x, y, z axes from O to B
yield the coordinates of B, i.e., B (6 m, -1 m, 4 m).

Position Vector, A position vector r is defined as a fixed vector which locates a
point in space relative to another point. For example, if r extends from the origin of
coordinates, O , to point P ( x, y, z ), Fig. 2-35 a , then r can be expressed in
Cartesian vector form as:
r=xi+yj+zk

Note how the head-to-tail vector addition of the three components yields vector r ,
Fig. 2-35 b . Starting at the origin O , one “travels” x in the +i direction, then y in
the +j direction, and finally z in the +k direction to arrive at point P (x, y, z ).
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In the more general case, the position vector z
may be directed from point 4 to point B in
space, Fig. 2-36 a . From Fig. 2-36 a , by the e )
head-to-tail vector addition, using the triangle e |
rule, we require: h

rA+r:rB /

X

g

()

r=rp —ry= (gl +yp] + 75K) — (xal + yaj + 34K

or

r=(xp—x)i+ (g — va)ji + (zg — za)k (2-11)

We can also form these components
directly , Fig. 2-36 b , by starting at 4

———

@7
and moving through a distance of _—"\B _
L . P SRS AT
(xp - x4) along the positive x axis (+i ), P
then (yz - y4) along the positive y axis  (xp —xa)i . -

(+j ), and finally (zz - z,) along the 3 (Ve — yali
positive z axis (+k ) to get to B .

(b)

Fig. 2-36
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EXAMPLE | 2.12

An elastic rubber band is attached to points A and B as shown in
z Fig. 2-37a. Determine its length and its direction measured from
A toward B.

2m
Vi o SOLUTION
/ 2m We first establish a position vector from A to B. Fig. 2-37b. In
/ Y accordance with Eq. 2-11, the coordinates of the tail A(1 m.0,—=3 m)

are subtracted from the coordinates of the head B(—2 m. 2 m. 3 m).
3m which yields

m r=[2m—1Imli+[2m—-0]j+[3m—(—3m)k
@ ={-3i+2j+ 6k} m

: These components of r can also be determined directly by realizing
that they represent the direction and distance one must travel along
- |l6kjm each axis in order to move from A to B. i.e.. along the x axis |=3i} m.
along the y axis {2j} m, and [inally along the z axis {6k} m.
y The length of the rubber band is therefore

| (2j)m r=V(3m?+2m?+(6m’=Tm Ans.
| {—=3i]m

Formulating a unit vector in the direction of r, we have

(b)

r 3,2, 6,
Wi=ram = — —
7 7 TR T

The components of this unit vector give the coordinate direction

angles
= _1(— j) = 115° A
a = cos 7)= Ans.
— =] 2 — o
B = cos 7= 73.4 Ans.
Fig. 2-37 F= cos_’(g) = 31:0° Ans.

NOTE: These angles are measured from the positive axes of a localized
coordinate system placed at the tail of r, as shown in Fig. 2-37c.
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2.8 Force Vector Directed Along a Line

Quite often in three-dimensional statics
problems, the direction of a force is specified by
two points through which its line of action passes.
Such a situation is shown in Fig. 2-38, where the
force F is directed along the cord AB. We can
formulate F as a Cartesian vector by realizing that it y
has the same direction and sense as the position
vector r directed from point 4 to point B on the
cord. This common direction is specified by the unit
vector u = r>r. Hence,

Fig. 2-38

- (xg —x L + (yvpg — y)j + (zg — 2k
F:Fu:F(l—’)—}( B A _ VB ..Ju.]7 B A 7)
; Vixg = x40 + (vp — ya)* + @5 — )

The force F acting along the rope can be rep-
resented as a Cartesian vector by establishing
X, v, z axes and first forming a position vector
r along the length of the rope. Then the cor-
responding unit vector u=r/r that defines the
direction of both the rope and the force can be
determined. Finally, the magnitude of the force
is combined with its direction, F = Fu.

Important Points

¢ A position vector locates one point in space relative to another point.

e The easiest way to formulate the components of a position vector is to determine
the distance and direction that must be traveled along the x, y, z directions—going
from the tail to the head of the vector.

¢ A force F acting in the direction of a position vector r can be represented in Cartesian
form if the unit vector u of the position vector is determined and it is multiplied by
the magnitude of the force, i.e., F=Fu=F(r>r).
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EXAMPLE | 2.13

The man shown in Fig. 2-3% pulls on the cord with a force of 70 b,
Represent this force acting on the support A as a Cartesian vector and
determine its direction.

Al SOLUTION
(i Force F is shown in Fig, 2395, The directfon of this vector. w, is
S determined from the position vector r, which extends from A o B.
/ 30h Rather than using the coordinates of the end points of the cord, rcan
Vi be determined directly by noting in Fig. 2-3Y9a that one must travel
from A =24k} ft, then {—5j} ft, and finally [12i] {l to get 1o B. Thus,

r={12i — 8 — 24k} fr

The magnitude of r, which represenis the lengih of cord AB. is

r= V20T + (-8 ) + (—24 ) = 28 ft

Forming the unit vector that defines the direction and sense of both

(a) r and F, we have
12 B 24
£ M=t =—ji-—j-—k
roo28 28 8
4}‘ Since F has a magnitude of 70 Ib and a direction specified by . then
¥ .
H} F=Fu=T01lb e il 24)
F=70lb ¥ 2% 28 28
= {30i — 20j — 60k} Ib Anis
The coordinate direction angles are measured between r (or F) and
the pasirive axes of a localized coordinate system with origin placed at
A, Fig. 2-305. From the components of the unit vector:
12
(b a= cns_l(ﬁ) = fd.6° Ansg
Fig. 2-30
—8
B= CD‘S_!(E) =107 Ans
=1 =24 o
.= Cos = )= 1449 Ans

NOTE: These results make sense when compared with the angles identi-
fied in Fig. 2-395.
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EXAMPLE | 2.14

The force in Fig. 2-400q acts on the hock. Express it as a Cartesian vector.

-8 | n
%’#\
(2HEm)  AZm,0,2m) -

Bi-2m, 3464 m, 3 m)

fa) (bj
Fig. 2-40

SOLUTION
As shown in Fig. 2—405. the coordinates for points 4 and B are

A2 m. 0.2 m)

A psrrn (a2

B{—2 m, 3464 m, 3.m)

and

or

Therefore, to go from A o B, one must travel {—4i] m, then [3.464j}
m, and finally {1k} m.Thus,

5 (rﬂ) {—4i+3464) + 1k} m
a=l=]= :
B/ Vi—4m)P + (2464 m) + (1 m)

= —0.7428i + 0.6433j + 0.1857k
Force Fg expressed as a Cartesian vector becomes

Fp = Fpuy = (750 N)(—0.74281i + 0.6433) + 0.1857k)

— [—557i + 482 + 139k} N Ats
{ j
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Fup= 100N

EXAMPLE | 2.15 '

The roof is supported by cables as shown in the photo. If the cables
exert forces Fyp = 100N and F,- = 120N on the wall hook at A as
shown in Fig. 2-41a. determine the resultant force acting at A. Express
the result as a Cartesian vector.

SOLUTION

The resultant force Fp is shown graphically in Fig. 2-41b. We can
express this force as a Cartesian vector by first formulating F4p and
F 4 as Cartesian vectors and then adding their components. The
directions of F 5 and F 4~ are specified by forming unit vectors uyp
and uye along the cables. These unit vectors are obtained from the
associated position vectors ryp and r 0. With reference to Fig. 2-41a,
to go from A to B, we must travel { —4k } m, and then {4i} m. Thus,

4 rg = {4i — 4k} m
e =10AN = ras = Vdm? + (—4m) = 5.66m
Fag = Fap ('ﬁ) = (100 N) (ii - ik)
¥ 7B 566 5.66
4,,{/ F,z = {70.7i — 707k } N
C

To go from A to C.we must travel {—4k } m .then {2j} m.and finally
{4i}.Thus,

rye={4i+2j—dk} m

yc = V4 m>+ 2m’ + (—4m)> =6m

Tac 4, 2. 4 )
Fic=F — ) =120N)| i +—) — =k
e AC‘(.’_AC) ( )(6 6.I 6

{80i + 40j — 80k } N

The resultant force is therefore
Fr=F + Fue = {7078 — 707k } N + {80i + 40j — 80k } N

= {151i + 40j — 151k} N Ans.
{ j }
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. FUNDAMENTAL PROBLEMS

IF2-19. Express the position vector ryz in Cartesian F2-22. Express the force as a Cartesian vector.
vector form, then determine its magnitude and coordinate
direction angles.

z

F2-19 F2-22

[F2-20. Determine the length of the rod and the position F2-23. Determine the magnitude of the resultant force
vector directed from A to B. What is the angle 67 at A,

F2-20 223

IF2-21. Express the force as a Cartesian vector. [2-24. Determine the resultant force at A.

F2-24
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