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torques

= The sum of forces is the sum of all forees en the FBD.

* Tho sum of torques is the sum from all F on the FBD
of ryc x F in addition to the sum of all couples shown
on the FBD.

* The torque M of a system of forces depends on
the reference point C. But the sum of all the torques
relabive to point C on a body in equilibrium must
add to zero for every paint C).

eHow many correct equations for one

FBD? ... Lots.
But at most 6 scalar equations are independent in 3D, and
3in 2D.

{For example, if 4,B,C, are 3 non-colinear points

then M4 =0, ¥M;5=0 T M;c=0are

9 true scalar equations, 6 of which are independent,

These 6 contain all the information in T F = 0.}
For a particle, knowing aprieri that all forces act through
the particle, there are

lin ID,

2in 2D, and

3 in 3D independent scalar momentum balance equa-

tions.

Miscellaneous Facts

+ The moment of a force is unchanged if the force is slid along
its line of action.

For many purposes the words 'moment’, ‘torque’, and ‘cou-
ple’ have the same meaning.

Two-force body. If a body in equilibrium has only twa
forces acting on it and 1o couples then the equilibrium equa-
tions prove that the two forces must be equal and opposite
and have a common line of action.

Three-force body. If a body in equilibrium has only three
forces acting on it and no couples then the equilibrium equa-
tious prove that the three forces must be coplanar and have
lines of action that intersect at a single common point.

Vectors and Matrices ]
The vector equations one often writes in mechanics can be reduced
to scalar equations using dot products. This set of scalar equations
can, in turn, be written as a single matrix equation.

The simplest dot product to use is with the unit vectors i,
J, and k. This is equivalent to taking the x, y and z components
of the vector equation. So the two vector equations

ai+bj = (¢ —6)i + {d+ 7
(a-e)i+(a+0)i=(c+Bi+(2a+c)j
which have the four scalar unimowns a, b, ¢, &d can be rewritten as

four scalar equations, two from each two-dimensional vector equa-
tion:

a=c-5

b=d+7
a—c=c+b
a+b="2a+c

These equations can be re-grouped but with unkowns on the left
side and knowns on the right side.

la+0b+ ~1lc+0d = -5
a+1b+0c+ -1d=7T
la—1b+ -2c4+0d=0
—la+b+ ~lc4+0d=0

These can in turn be written in standard matrix form ready for a
computer to solve for a, b, ¢ and d:

1 0 -1 0 a -5
0 1 0 -1 ol 7
1 -1 =2 0 {e]= 0]}
-1 1 -1 0 d 0
Wl ey
(A) x Y

So the solution of the set of vector equations at the top of this box
has been reduced to solving the following equatien for x:

[Al-x=y

where [A] and y are known. Many computer programs can do this
in a snap.

T L T

lA: A, A,
=|B. B, B.| = Vol of parallelepiped edged by ABC
e ¢ O

Magnitude of a vector: (a scalar)

The magnitude of a vector v is |v| which is sometimes just written as
v (no underline or boldface).

vis=vv-v

Unit vectors:
A unit vector is a vector whose magnitude is 1. That is

i =l =lk[=[Al=n]=1

§

To find a unit vector in a given direction take any vector in that
direction and divide it by its magnitude. If r 45 is the position vector
from A to B then

i5 a unit vector in the direction from A to B.

Finding a vector perpendicular to a plane:
To find a vector perpendicular to a given plane just take the cross
product of any two vectors in the plane. For example, if the points
A, P and C are on the plane (but not co-linear) then:
N=raigxrac

is perpendicular to the plane (but probably not a unit vector).

TRUSSES and MACHINES

A truss is a structure idealized as being composed of weightless two-force
bars connected at frictionless joints.
Method of joints: Draw free body diagrams of all the joints assum-
ing all the bars are in tension.
Method of sections: Draw free body diagrams of sections of the
truss where the free body cut goes tiwrough bars whose tensions you
want to know.
Counting equations: You can usually not find the ber forces unless
you have as many equations as unknowns.
Caution: Machine and frame components are often not two-force
bodies.
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