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Abstract 

There are many things in life that we take for granted. Take for example, 

the mystery of a folding sunshade. What forces cause the sunshade to fold 

into a smaller circle and lock? There is actually a mathematical model for 

that process. Or consider a table that is used in everyday life. What are the 

forces that act on the legs of the table? In this paper, we will analyze these 

forces and will try to compute their vectors. We will start with studying 

forces acting on a beam. Then we will work with triangular table and finally 

with parallelogramic table. We will show physical models that govern forces 

in those cases. We will describe some specific solutions. 
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Chapter 1 

Introduction 

We say that a system of particles is in static equilibrium when all the 

particles of the system are at rest and the total force acting on each particle 

is permanently zero. This is a strict definition but often the term ”static 

equilibrium” is substituted by a broader term of ”mechanical equilibrium” 

which assumes only that the net force acting upon the particle is zero. 

This means that static equilibrium is a special case of mechanical equi

librium of a stationary object. For example, a paperweight standing on a 

desk is in static equilibrium. An object in space moving at a constant speed 

is in mechanical equilibrium, but not in static equilibrium. 

For another example of static equilibrium, consider a person trying to 

press a spring. The person can push it up to a point after which the spring 

reaches a state where the compressing force and the resistive force are equal. 

The moment the person can no longer press it any further makes the system 

to be in static equilibrium. When the pressing force is removed the spring 
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attains its original state. 

We will consider three equations that govern the relationships of the 

forces which are in static equilibrium. We call these Systems Of Equations(SOE1). 

These equations give us the solution for the reactive forces in our models 

that are in state of equilibrium. However, we have conditions that will not 

allow us to solve for the reactive forces even if they are in state of equilib

rium. Our models include: 

1. Solvable Conditions - Default Case 

(a) Single Beam Loading 

(b) Triangular Table Loading 

2. Unsolvable Conditions - Indeterminate Case 

(a) Rectangular Table Loading 

(b) Parallelogramic Table Loading 

These following equations which we call Systems Of Equations(SOE1) 

are: 



M which stands for Moment in a given point or axis is equal to the 

perpindicular Force multiplied by the Distance of the arm where the force 

is acting. In equation form 

M = Force * Distance * sin θ 

the sin θ is inserted if the Force is not perpindicular to the arm of the 

Distance. 

From The Fundamental Theorem of Algebra we know that a solution 

to a system of equations always exist if the number of unknowns is larger 

or equal to the number of equations relating those unknowns. Navier2, a 

French engineer and physicist, who formulated the Theory of Elasticity 

in early part of the 18th century tried to solve the reactions of four forces 

acting on legs of a rectangular table knowing fully well that he had only 

three (3) fundamental equations describing forces in equilibrium state. His 
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attempts were not successful. Later in 1999, three (3) NASA engineers 

wrote a book on the very same issue of solving the reactions of the four legs 

of an ordinary table. They utilized Navier’s Theory of Elasticity. Their 

solution however appeared to be lacking in proof when exposed to the real 

world. 

In this thesis we consider similar question. So far, all our laboratory 

works and computer simulations confirmed our suggested solution. Even 

though the work is not complete by any means, it contributes significantly 

to the progress of the problems. 

Our human minds should not stop at what is the obvious. We should be 

brave and exploratory enough to delve into the unknown, to boldly go where 

no one has gone before(Star Trek - The Next Generation). 

Current state of Physics considers a string theory together with quan

tum physics (which says that a particle could be at different places at the 

same time!) This is beyond our comprehension and yet, we do this theory 

in order to understand the deeper meaning of what is going around us in 

sub-atomic levels. 
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It is the hope of the author of this thesis that this very endeavor would 

motivate and inspire others to do something beyond from that of our com

fort zone. 
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Chapter 2 

Single Beam Loading Model 

Consider a single beam loading with two (2) supports and one concentrated 

load in between those supports, we have 

Figure 1. Forces Acting on a Beam. 

To describe this model we use SOE1 and we get the sum of moment around 

the point where F B acts and set it to zero as 
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and the sum of moments around the point where F A acts and set it to zero 

as 

which are ratios of distances of the load and the supports. In other words, 

to get the reaction of the supports in a beam, all you have to do is to 

determine the location of the load. When the location is established, the 

distances where the load is from the supports help to determine the ratio of 

those distances. For example: if you have a 10-foot beam and a load of 100 

Newtons (N) is 4 feet from the left, then the reaction on the left support 

would simply be using our simplified ratio equations as 
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Note that writing these equations of ratios would make the solutions look 

simpler. Throughout this thesis, we are going to focus on and emphasize 

ratios as they will turn out to be the governing factor in deriving reactions 

of supports on indeterminate loadings. 
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Chapter 3 

Triangular Table Loading 

Model 

With a given triangular table and a load inside the table, we can easily 

calculate the reactive force on one of its legs just using the first two(2) 

equations of our Systems of Equations. 

Figure 2. Forces Acting on a Triangular Table. 

If we let hA , h B and hC as the perpendicular distances of the supports 

F A , F B and F C to their respective opposite bases of the triangle, and let 
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Chapter 4 

Rectangular Table Problem 

4.1 Unsolvable Condition - Indeterminate Case 

Consider a rectangular table. It may be noted that there are four (4) reac

tive forces (from the four(4) legs). Hence, we have four unknowns and we 

only have three equations to rely on. There is therefore no unique solution 

i.e the case is indeterminate. 

Figure 4. Forces Acting on a Rectangular Table. 
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Therefore we investigated this problem using laboratory experimentation to 

formulate a hypothesis on the possible solution for the forces on the table. 

But before we do that, we will give an interesting historical background for 

this problem. 

4.2 History and Our Model 

In the early 18th century, a self-proclaimed scientist name Navier (1785-

1836) recognized the structural indeterminacy of the table problem. He 

proposed using S t rength of Materials equations to provide a fourth equa

tion in order to produce a unique solution. He also assumed that the table 

actually had a plane deflection due to the action of forces supporting the 

load. Even though his results are quoted through literature, we could not 

find a publication of his results. Later in the 1990’s [3], three NASA engi

neers proposed a fourth equation following the suggestion of Navier; that is 

describing the Strength of Materials principles. The suggested equation is: 

where l is the length of the legs of the table, A is the cross-sectional area 

of the legs and E is the Modulos of Elasticity of the materials used in the 

legs. Assuming that if the legs are all uniform, i.e. they are of the same 
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Chapter 5 

Parallelogramic Table Loading 

5.1 Another Unsolvable Situation 

We consider now a parallelogramic table. This table has four (4) supports 

and the model has only three (3) equations, SOE. 

Figure 7. Forces Acting on a Parallelogramic Table. 

Following the experiments similar to modeling the rectangular table, we 

performed laboratory experimentation in order to determine appropriate 

equations that would describe our situation. To start, we put a concentrated 

load right on the geometric center of the table. 
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5.3 Laboratory Experiments 
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Chapter 6 

Parallelogramic Table 

6.1 Off-Center Loading 

Now we will consider a parallelogramic table with the load placed away 

from its geometric center. To derive the theory for this kind of loading, 

we will use the results from the previous chapter on the geometric center 

loading .i.e center loading where calculations were based on the values of 

W1 and W2. We have the following picture 
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Chapter 7 

Laboratory 

7.1 Lab Works, Pictures and Tabulated Data 

These lab experiments were done in my garage! 
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Computer Simulations! 
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Chapter 8 

Computer Simulation 

8.1 Source Codes of C-Programs 

Part of the Laboratory works performed was the design of C programs in 

order to facilitate the computed values versus the actual laboratory values. 

Here is the code for the beam loading and rectangular table loading for 

computer simulations. 

Professor Name : Rabin Polito Programming Fundamentals 

Program Name : Forces CSV11 

June 24, 2009 Ventura College 

Comments: Resolution of Forces Program 

#include <graph.h> // _outtext, _settextcolor, _settextposition 
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#include <string.h> // strlen 

#include <stdio.h> // sprintf 

#include <stdlib.h> // srand, rand, toupper 

#include <time.h> 

#include <math.h> 

void ClearTheScreen(); 

void CenterText(char *TheText,int Row, int Color); 

void Heading(); 

void LineText(char *TheText,int Row, int Col, int Color); 

void ChoiceA(); 

void ChoiceB(); 

void ChoiceC(); 

void ChoiceD(); 

void SingleBox(int A,int B ) ; 

void SingleBoxA(int A,int B ) ; 

void ClearBox(); 

void main() 

{ 

char Choice,Chose[2]; 

int Flag; 
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Chose[1] = ’\0’; 

Flag = 1; 

while(Flag) 

{ 

Heading(); 

_settextposition(18,45); 

scanf("%c",&Choice); 

Chose[0] = toupper(Choice); 

_settextposition(18,45); 

_outtext(Chose); 

if ( Choice == ’a’ || Choice == ’A’) 

{ 

ChoiceA(); 

} 

if ( Choice == ’b’ || Choice == ’B’) 

{ 

ChoiceB(); 

} 

if ( Choice == ’c’ || Choice == ’C’) 

{ 



41 

ChoiceC(); 

} 

if ( Choice == ’d’ || Choice == ’D’) 

{ 

ChoiceD(); 

Flag = 0; 

} 

} 

_settextposition(50,1); 

} 

{ 

ClearTheScreen(); 

CenterText("CALIFORNIA STATE UNIVERSITY CHANNEL ISLANDS",1,14); 

CenterText("Department of Mathematics",2,14); 

CenterText("Dr. Jorge Garcia - Professor",4,12); 

CenterText("Resolution of Forces - Redundant Supports",6,11); 

CenterText("by",7,10); 

CenterText("Rabindranath M. Polito",8,10); 

CenterText("< < < M E N U > > >",10,9); 

LineText("[A] - Beam Support ",12,20,20); 
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LineText("[B] - Table Support ",14,20,20); 

LineText("[C] - Triangle Support (D - Quit) ",16,20,20); 

LineText("Choice : ",18,36,17); 

} 

void ClearBox() 

{ 

int k,m; 

char Space[2]; 

Space[0] = 32; 

Space[1] = ’\0’; 

for (k=0;k<18;k++) 

{ 

for(m=0;m<55;m++) 

{ 

_settextposition(24+k,14+m); 

_outtext(Space); 

} 

} 

} 

void ChoiceA() 
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{ 

char LowerLeft[2],LowerRight[2],UpperLeft[2],UpperRight[2]; 

char Horizontal[2],La[2],Ra[2],Vert[2]; 

char Text[80],Answer; 

int k,Load,Location,BL,FA,FB,Flog,Fc,FC; 

double Fa,Fb; 

UpperLeft [0] = 218; 

UpperRight[0] = 191; 

LowerLeft [0] = 192; 

LowerRight[0] = 217; 

Horizontal[0] = 196; 

Ra[0] = 210; 

La[0] = 208; 

Vert[0] = 186; 

UpperLeft[1] = ’\0’; 

UpperRight[1] = ’\0’; 

LowerLeft[1] = ’\0’; 

LowerRight[1] = ’\0’; 

Horizontal[1] = ’\0’; 

Ra[1] = ’\0’; 
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La[1] =’\0’; 

Vert[1] = ’\0’; 

Flog = 1; 

} 
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Chapter 9 

Further Work 

What we have done here is just a tip of an iceberg. We limited ourselves 

to a regular-type of polygon. What happens when tables have different 

shapes? For example 

1. Irregular Quadrilaterals 

2. n-side Regular Polygon 

3. n-side Irregular Polygon 

It is the hope of this author that someday, models for all of the polygons 

will be derived and the problem of determining forces acting on the table 

with a given shape will be easy to calculate. 



46 

Chapter 10 

Bibliography 

[1] - Engineering Mechanics, Boresi and Schmidt, Brooks Publishing, 2001 

[2] - Navier and Suspension Bridges in France, Picon, Cambridge University 

Press, 1988 

[3] - Compatibility Conditions of Structural Mechanics, Patnaik, Coroneos 

and Hopkins NASA/TM, Coroneos Publishing, 1999 


