Elementary Statics
Position Vectors, Unit Vectors, and Forces Acting Along Lines

Position Vectors and Unit Vectors

o The diagram shows two points A and B and their
coordinates relative to a known origin.
o The position vectors of the two points relative to the

origin of the XYZ axes are

KA:xA£+yAZ+ZA]S

’:B:xB£+yBZ+ZB]f

X

o Using the concept of vector addition, we can write: f/
Y

Fg =T, t0p,

o Here, the vector r,, , represents the position vector of B relative to A.

o So, given the coordinates of 4 and B, we can find the vector r,,, as follows

Ppia=rp Ly :(XB _xA)£+(yB _yA)Z-'_(ZB _ZA)]S

o The diagram also shows a unit vector u which points in the direction of r,,,. We can

calculate ¥ by dividing r,,, by its magnitude

I/ _('xB_xA)l-+(yB_yA)j+(ZB_ZA)k

u = =
|’:B/A | |’:B/A | |KB/A | = |’:B/A |

o The magnitude of r,,, 1s |7, |:\/(xB ~x )+ =y, +(z,—2,)
o The angles that u makes with the X, Y, and Z axes are
0. =cos {—(xB _XA)] 0 =cos” {—(yB _yA)] 0. =cos” (z2=24) _ZA)j
' on g on ) 754

Forces Acting Along Lines

o Ifaforce F' acts along the line from A4 to B, we can write

F=|F|u
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Example #1:
Given: Coordinates of 4 and B: A (8,2,4) (ft) and B(3,6,12) (ft)

Force F' of magnitude 200 (Ib) acts along the line from 4 to B

Find: r,, , the position vector of B relative to 4; u the unit vector that points along the line

AB, and the force F', and the angles that /' makes with the X, Y, and Z axes.

Solution:

rpa=0G=8)i+(6-2)j+(12-4)k=-5i+4;+8k

17, | =57 + 4% +8 =10.247 (f)

u=(15377) 1+ (15%37) J + (1o577) k = —0.48801 + 0.3904 j +0.7807 k

=200 =-97.6i +78.1j +156k (Ib)

0. = cos™' (~0.4880) ~ 119 (deg)

-1
6, =cos (0.3904) ~ 67 (deg)

-

6, =cos™'(0.7807) ~ 38.7 (deg)

Example #2:

Given: Force F of magnitude 450 (Ib) acts on the

rectangular door along the line from 4 to B.

Find: The XYZ components of /', and the angles that it

makes with the X, Y, and Z axes.

Solution:

Y

P =(0—4)i+(4-0)j+(2-9k=—4i+4)-Tk

|’:B/A|: 4+4*+7° =9 (ft)

u=—(3)i+(3); - ()k

F=450u=450| —(4)i+(4),/ - (3)k | =-200i +200, - 350k (Ib)

s

=cos ' (‘T“) ~116.388 ~116 (deg)|, |0, = cos” (%) ~ 63.6122 ~ 63.6 (deg)

-

)

=cos™ () ~141.058 ~ 141 (deg)
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