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Chapter 1 
Introduction to Statics 

1/2 Basic Concepts 

Space is the geometric region occupied by bodies whose positions are described by linear and angular measurements 
relative to a coordinate system. Time is the measure of the succession of events. Mass is a measure of the inertia of a body, 
which is its resistance to a change of velocity (also thought of as the quantity of matter in a body). Force is the vector 
measurement of action of one body on another, characterised by magnitude, direction and point of application. A particle 
is a body of negligible dimensions, and a rigid body has a negligible distance between any two of its points. 

1/3 Scalars and Vectors 

A free vector’s action is not confined to or associated with a unique line in space (able to represent any point of a body 
when in motion). A sliding vector has a unique line of action in space but not a unique point of application. A fixed vector 
has a unique point of application. 

1/5 Units 

In mechanics, the four fundamental quantities (dimensions) are length (L, m), mass (M, kg), force (F, N) and time (T, s). 
In the U.S., the customary unit for length is feet (ft), for mass is slugs, for force is pounds (lb) and for time is seconds 
(sec). The pound is also used on occasion as a unit of mass, especially to specify thermal properties of liquids and gases (lbf 
vs lbm). The International System of Units (SI) is termed an absolute system because the measurement of the base 
quantity mass is independent of its environment. The U.S. system (FPS) is termed a gravitational system because its base 
quantity force is defined as the gravitational attraction acting on a standard mass under specified conditions (sea level and 
45° latitude). A standard pound is also the force required to give a one-pound mass an acceleration of 32.1740 ft/sec2.  

Primary Standards 

‣ Length 

The metre, originally defined as one ten-millionth of the distance from the pole to the equator along the meridian 
through Paris, was later defined as the length of a specific platinum-iridium bar kept at the IBWM*. The difficulty of 
access and reproducing accurate measurements prompted the adoption of a more accurate and reproducible standard of 
length for the metre, which is now defined as 1,650,763.73 wavelengths of a specific radiation of the krypton-86 atom. 

‣ Mass 

The kilogram is defined as the mass of a specific platinum-iridium cylinder which is kept at the IBWM* near Paris, 
France. An accurate copy of this cylinder is kept in the U.S. at the National Institute of Standards and Technology 
(NIST), formerly the National Bureau of Standards, and serves as the standard of mass for the U.S. 

‣ Time 

The second was originally defined as the fraction 1/(86,400) of the mean solar day. However, irregularities in the earth’s 
rotation made this definition difficult, and a more accurate and reproducible standard has been adopted. The second is 
now defined as the duration of 9,192,631,770 periods of the radiation of a specific state of the cesium-133 atom.  
*International Bureau of Weights and Measures 

SI Unit Prefixes 
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tera T 1012 1,000,000,000,000 hecto h 102 100 milli m 10–3 0.001

giga G 109 1,000,000,000 deka da 101 10 micro μ 10–6 0.000,001

mega M 106 1,000,000 deci d 10–1 0.1 nano n 10–9 0.000,000,001

kilo k 103 1000 centi c 10–2 0.01 pico p 10–12 0.000,000,000,001



Unit Conversions 

Chapter 2 
Force Systems 

2/2 Force 

A force vector is an action of one body on another, comprising of magnitude, direction and point of application. This 
action can be separated in two effects, external (applied or reactive) and internal (deformations of material). When 
studying rigid bodies, we ignore deformations and only concentrate on the net external effects of external forces.  

The principle of transmissibility states that a force may be applied at any point on its given line of action without 
altering the resultant effects of the force external to the rigid body on which it acts. Thus, we treat almost all vectors as 
sliding vectors, specified by magnitude, direction and line of action instead of utilising a point of action often only specific 
to fixed vector analysis. 

Force Classification 

Forces are classified as either contact (produced by direct physical contact) or body (generated by position in a force field) 
forces. Further, forces can be concentrated (when the dimensions of the area to which force is applied is negligible 
compared with the total dimensions of the body) or distributed (over a line, area or volume). 

Two or more forces are concurrent at a point if their lines of action intersect at that point. Therefore, they have a 
resultant force, which can be calculated by the parallelogram law in their common plane. The opposite of this procedure 
is resolving a force into its vector components in directions convenient for a given application. 

Resultant force 
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R = F1 + F2

To convert from To Multiply by

Area
foot2 (ft2) metre2 (m2) 9.2903 x 10–2

inch2 (in.2) metre2 (m2) 6.4516 x 10–4

Force
kip (1000 lb) newton (N) 4.4482 x 103

pound force (lb) newton (N) 4.4482

Length

foot (ft) metre (m) 3.048 x 10–1

inch (in.) metre (m) 2.54 x 10–2

mile (mi), U.S. statute metre (m) 1.6093 x 103

mile (mi), international nautical metre (m) 1.852 x 103

Mass

pound mass (lbm) kilogram (kg) 4.5359 x 10–1

slug (lb-sec2/ft) kilogram (kg) 1.4594 x 10

ton (2000 lbm) kilogram (kg) 9.0718 x 102

Moment of force
pound-foot (lb-ft) newton-metre (N·m) 1.3558

pound-inch (lb-in.) newton-metre (N·m) 0.11298

Spring constant pound/inch (lb/in.) newton/metre (N/m) 1.7513 x 102

Velocity

foot/second (ft/sec) metre/second (m/s) 3.048 x 10–1

knot (nautical mi/hr) metre/second (m/s) 5.1444 x 10–1

mile/hour (mi/hr) metre/second (m/s) 4.4704 x 10–1

mile/hour (mi/hr) kilometre/hour (km/h) 1.6093



2/3 Rectangular Components 

A force can be two-dimensionally resolved into rectangular components in the x- and y-directions by the parallelogram 
rule. It can be written in terms of its vector components and scalar components (able to be both positive and negative 
according to the quadrant into which F points). 

Vector components 

*The above equations are oriented towards problems in quadrant 1. To transfer the axes of problems without being in 
quadrant one, switch the axes and re-draw a new system (bracketing the old values). If the force is pointing negatively, 
then the sin and cos should be swapped for the F-x-y-values. The original axes will tell you simply whether the entire result 
is negative itself. 

Resultant Sums 

Rectangular components are convenient for finding the sum or resultant R of two forces that are concurrent. If we are to 
resolve these vectors, the sum term means “the algebraic sum of the scalar components”. 

Rectangular components 

2/4 Moment 

In addition to moving a body in the direction of the application of the force, a force can also tend to rotate a body about 
an axis. This axis may be any line which neither intersects nor is parallel to the line of action of the force. This rotational 
tendency is known as the moment M of the force (torque).  

Moment about a Point 

The magnitude of the moment (N·m) (or tendency of a force to rotate a body about an axis perpendicular to the plane of 
the body) is proportional both to the magnitude of the force and to the moment arm d, which is the perpendicular 
distance from the axis to the line of action of the force. 

Moment magnitude 

The actual moment is a vector M perpendicular to the plane of the body, the sense of which depends on the direction in 
which F rotates the body. The sense is determined by the right-hand rule, which is the thumbs-up hand position in the 
right hand, the upward direction of the thumb representing the direction of M, and the fingers curled to represent the 
rotational tendency. This tendency is either found to be clockwise or counterclockwise, shown by a curved arrow and a – 
or + consistent sign convention (“positive moments” are generally considered counterclockwise and “negative” clockwise).   

The Cross Product 

In some two-dimensional and many three-dimensional problems, it is convenient to use a vector approach for moment 
calculations. r is a position vector which runs from the moment reference point A to any point on the line of action of F. 
We can apply the right-hand rule to the vector equation as well. 

Moment cross product 
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F = Fx + Fy

= Fxi+ Fyj
= (F cos ✓)i+ (F sin ✓)j

|F| =
q
F 2
x + F 2

y

✓ = tan�1 Fy

Fx

Rx = F1x + F2x = ⌃Fx

Ry = F1y + F2y = ⌃Fy

M = Fd

M = r⇥ F

M = Fr sin↵ = Fd



The choice between using the vector cross product or the scalar equation depends on the geometry of the problem 
specified. If the perpendicular distance d between the line of action of the force and the moment centre is known to be 
easy to determine, then the scalar approach is generally simpler. If, however, F and R are not perpendicular and are easily 
expressive in vector notation, then the cross-product expression is often preferable.  

Varignon’s Theorem 

Varignon’s theorem states that the moment of a force about any point is equal to the sum of the moments of the 
components of the force about the same point. The theorem is proven by considering a force R acting in the plane of a 
body, R having two non-rectangular components, P and Q. The moment of R about a point O can be expressed as the 
vector expression, and since R = P + Q, we can substitute P + Q into the expression in the place of R. Expanding that 
equation to MO = r ⅹ R = r ⅹ P + r ⅹ Q says that the moment of R about O equals the sum of the moments about O of its 
components P and Q, proving the theorem. This theorem applies equally well to three or more components. It is useful 
in that if the components are easier to determine than the total, resolving the vector into its components and computing 
the moment in this deconstructed way is a much better method of obtaining the moment. 
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2/5 Couple 

A couple is the moment produced by two equal, opposite, and non-linear forces. It is the action of two equal and opposite 
forces F and –F at a distance d apart. They cannot be combined into a single force because their sum in every direction is 
zero (due to parallelism). Their effect is only to produce a tendency of rotation. The combined moment of F and –F about 
an axis normal to their plane and passing through any point in their plane is the couple M, which has the same value for 
all moment centres (independent of the distance a which locates the forces with respect to the moment centre O). 
 

Combined moment 
 

Force-Couple Systems 

Forces can be replaced by an equal parallel force and a couple to compensate for the change in the moment of the force 
when bodies are rotated about any fixed axis which does not intersect the line of the force. A force-couple system is a 
moment and a force combined. In reverse, couples and forces lying in the plane of the couple (normal to the couple 
vector) can be transferred to a single, equivalent force. 

2/6 Resultants 

The resultant is the simplest force combination that can replace the original forces in a force system without altering 
the external effect on the rigid body to which they are applied. Equilibrium of a body is the condition in which the 
resultant of all forces acting on the body is zero (as opposed to the dynamic application of F = ma). For coplanar 
forces, the magnitude and direction of the resultant force is found by forming the force polygon where forces are 
transmitted and added head-to-tail in any sequence. 
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|M| = M = F (a+ d)� Fa

or

M = Fd

• O
F

–F

a

d


