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Differentials 

   The order of differential quantities frequently causes misunderstanding in the 
derivation of equations. Higher-order differentials may always be neglected 
compared with lower-order differentials when the mathematical limit is approached. 
For example, the element of volume V of a right circular cone of altitude h and base 
radius r may be taken to be a circular slice a distance x from the vertex and of 
thickness  x. The expression for the volume of the element is 

∆𝑽 =
𝝅𝒓𝟐

𝒉𝟐
𝒙𝟐∆𝒙 + 𝒙 ∆𝒙 𝟐 +

𝟏

𝟑
∆𝒙 𝟑  

Note that, when passing to the limit in going from V to dV and  from  x to dx, the 
terms containing (x)2 and (x)3 drop out, leaving merely  

                                     𝒅𝑽 =
𝝅𝒓𝟐

𝒉𝟐
𝒙𝟐𝒅𝒙 

which gives an exact expression when integrated. 
 
Small-Angle Approximations 

   When dealing with small angles, we can usually make use of simplifying 
approximations. Consider the right triangle of Fig. 1/8 where the angle , expressed 
in radians, is relatively small. If the hypotenuse is unity, we see from the geometry of 
the figure that the arc length 1x and sin  are very nearly the same. Also cos  is 
close to unity. Furthermore, sin  and tan  have almost the same values. Thus, for 
small angles we may write 

𝒔𝒊𝒏𝜽 ≅ 𝒕𝒂𝒏𝜽 ≅ 𝜽        𝒄𝒐𝒔𝜽 ≅ 𝟏 
 
provided that the angles are expressed in radians. These approximations may be 

obtained by retaining only the first terms in the series expansions for these three 

functions. As an example of these approximations, for an angle of 1° 
 
1° = 0.017453 rad      tan1° = 0.017455       𝑠𝑖𝑛1° = 0.017452      𝑐𝑜𝑠1° = 0.999848 
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Formulating Problems and Obtaining Solutions 

In statics, as in all engineering problems, we need to use a precise and logical method for 

formulating problems and obtaining their solutions. We formulate each problem and 

develop its solution through the following sequence of steps. 

1. Formulate the problem: 

(a) State the given data. 

(b) State the desired result. 

(c) State your assumptions and approximations. 

2. Develop the solution: 

(a) Draw any diagrams you need to understand the relationships. 

(b) State the governing principles to be applied to your solution. 

(c) Make your calculations. 

(d) Ensure that your calculations are consistent with the accuracy justified by the data. 

(e) Be sure that you have used consistent units throughout your calculations. 

(f ) Ensure that your answers are reasonable in terms of  magnitudes, directions,  common 

sense, etc. 

(g) Draw conclusions. 

 

Keeping your work neat and orderly will help your thought process and enable others to 

understand your work. The discipline of doing orderly work will help you develop skill in 

formulation and analysis. Problems which seem complicated at first often become clear 

when you approach them with logic and discipline. 
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Force Systems 

Force 

   Before dealing with a group or system of forces, it is necessary to examine the properties of 

a single force in some detail. A force has been defined in Chapter 1 as an action of one body 

on another. In dynamics we will see that a force is defined as an action which tends to cause 

acceleration of a body. A force is a vector quantity, because its effect depends on the direction 

as well as on the magnitude of the action. Thus, forces may be combined according to the 

parallelogram law of vector addition. 

  The action of the cable tension on the bracket in Fig. 2/1a is represented in the side view, 

Fig. 2/1b, by the force vector P of magnitude P. The effect of this action on the bracket 

depends on P, the angle , and the location of the point of application A. Changing any one of 

these three specifications will alter the effect on the bracket, such as the force in one of the 

bolts which secure the bracket to the base, or the internal force and deformation in the 

material of the bracket at any point. Thus, the complete specification of the action of a force 

must include its magnitude, direction, and point of application, and therefore we must treat it 

as a fixed vector. 

 

External and Internal Effects 

We can separate the action of a force on a body into two effects, external 

and internal. For the bracket of Fig. 2/1 P external to the bracket are the  

reactive forces (not shown) exerted on the bracket by the foundation and  

bolts because of the action of  P. Forces external to a body can be either  

applied forces or reactive forces. The effects of P  internal to the bracket are 

the resulting internal forces and deformations distributed throughout the material of the 

bracket. The relation between internal forces and internal deformations depends on the 

material properties of the body and is studied in strength of materials, elasticity, and plasticity. 

Principle of Transmissibility 

When dealing with the mechanics of a rigid body, we ignore deformation sin the body and  

concern ourselves with only the net external effects of external forces. In such cases, 

experience shows us that it is not necessary to restrict the action of an applied force to a given 

point. For example, the force P acting on the rigid plate in Fig. 2/2 may be applied at A or at B 

or at any other point on its line of action, and the net external effects of P on the bracket will 

not change. The external effects are the force exerted on the plate by the bearing support at O 

and the force exerted on the plate by the roller support at C. 
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= 

Forces are classified as either Contact or body forces 
Contact force: is produced by direct physical contact. 
An example is the force exerted on a body  by a supporting surface. 
Body force: is generated by virtue of position of  a body within a force field such as a 
gravitational, elastic, magnetic field. An example of a body force is your weight. 
Also forces can be classified as Parallel Forces, Coplanar Forces, Collinear Forces, 

Concurrent Forces.  

Forces may be further classified as either concentrated or distributed. Every contact force is 

actually applied over a finite area and therefore really a distributed force. 

Action and Reaction 

According to Newton’s third law, the action of a force is always accompanied by an equal and 

opposite reaction. It is essential to distinguish between the action and the reaction in a pair of 

forces. To do so, we first isolate the body in question and then identify the force exerted on 

that body (not the force exerted by the body). It is very easy to mistakenly use the wrong force 

of the pair unless we distinguish carefully between action and reaction. 

 

Concurrent Forces 

Two or more forces are said to be concurrent at a point if their lines of action intersect at that 

point. The forces F1and F2 shown in Fig. 2/3a have a common point of application and are 

concurrent at the point A. Thus, they can be added using the parallelogram law in their 

common plane to obtain their sum or resultant R, as shown in Fig. 2/3a. The resultant lies in 

the same plane as F1and F2.  
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Suppose the two concurrent forces lie in the same plane but are applied at two different points as 

in Fig. 2/3b. By the principle of transmissibility, we may move them along their lines of action 

and complete their vector sum R at the point of concurrency A, as shown in Fig. 2/3b.  

 

 

 

 

 

 

We can replace F1and F2with the resultant R without altering the external effects on the body 

upon which they act. We can also use the triangle law to obtain R, but we need to move the line 

of action of one of the forces, as shown in Fig. 2/3c. 

 

 

 

 

 

 If we add the same two forces as shown in Fig. 2/3d, we correctly preserve the magnitude and 

direction of R, but we lose the correct line of action, because R obtained in this way does not 

pass through A. Therefore this type of combination should be avoided. We can express the sum 

of the two forces mathematically by the vector equation: 

                                 R = F1 + F2 

 

 

Vector Components 

In addition to combining forces to obtain their resultant, we often need to replace a force by its 

vector components in directions which are convenient for a given application. The vector sum of 

the components must equal the original vector. Thus, the force R in Fig. 2/3a may be replaced by, 

or resolved into, two vector components F1and F2 with the specified directions by completing the 

parallelogram as shown to obtain the magnitudes of F1 and F2 . 
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The relationship between a force and its vector components along given axes must not be 

confused with the relationship between a force and its perpendicular projections onto the same 

axes. Figure 2/3e shows the perpendicular projections Fa and Fb of the given force R onto axes a 

and b, which are parallel to the vector components F1  and F2 of Fig. 2/3a. Figure 2/3e shows 

that the components of a vector are not necessarily equal to the projections of the vector onto the 

same axes. Furthermore the vector sum of the projections Fa and Fb is not the vector R, because 

the parallelogram law of vector addition must be used to form the sum. The components and 

projections of R are equal only when the axes a and b are perpendicular.  

 

 

 

 

A Special Case of Vector Addition 

To obtain the resultant when the two forces F1 and F2 are parallel as in Fig. 2/4, we use a special  

case of addition. The two vectors are combined by first adding two equal, opposite, and collinear 

forces F and -F of convenient magnitude, which taken together produce no external effect on the 

body. Adding F1 and F to produce R, and combining with the sum R2 of F2 and -F yield the 

resultant R, which is correct in magnitude, direction, and line of action. This procedure is also 

useful for graphically combining two forces which have a remote and inconvenient Point of 

concurrency because they are almost parallel. It is usually helpful to master the analysis of force 

systems in two dimensions before undertaking three-dimensional analysis. Thus the remainder of 

Chapter 2 is subdivided into these two categories. 
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