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1.1 Force Systems 

 
A force can be defined as the action of one body on another that changes/tends to changes the 

state of the body acted on. 

Categories depending on their arrangement in plane: 

 

 Coplanar collinear forces 

 

 

  Coplanar parallel forces  

 

 

 

  Coplanar concurrent forces 

 

 

 

 

  Non-concurrent Coplanar forces 

 

 

 
 

 Concurrent Non- Coplanar  

 

 

 

 Parallel Non- Coplanar  

 

 

 

 

 

 Non Concurrent Non-parallel Non-coplanar  
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1.2 Conversion From  F.P.S to S.I  
 

 

 
 

1 𝑀𝑖 = 5280 𝑓𝑡 × 0.3045 𝑚 = 1609 𝑚 

 

1 𝑖𝑛 =
1

12
𝑓𝑡 =

1

12
× 0.3045 = 0.0254 𝑚 = 25.4 𝑚𝑚 

 

𝑀𝑒𝑔𝑎 𝑁 =  105 𝑁 

 

𝐺𝑒𝑔𝑎  𝑁 =  109 𝑁 

 

𝜇 =  10−6 𝑁 

 

1 𝐻.𝑃 = 0.746 𝐾𝑤 

 

1.3 Scalar and Vector  

 Scalars are quantities that are fully described by a magnitude (or numerical value) alone. 

( distance,  volume,  temperature…) 
 Vectors are quantities that are fully described by both a magnitude and a direction. 

(force, velocity, acceleration…) 
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1.3  Parallelogram Law 
  

If Q and P are two forces concurrent in point “o” the result of this forces is R 

 

𝑅 =  𝑃2 +  𝑄2 − 2𝑄𝑃𝑐𝑜𝑠𝜃 

The angle of the resultant is made between the resultant and onne of the force. 

 

This angle can be determine by the low of sin 

 

sin𝛼

𝑄
=

sin 𝜃

𝑅
  

 

𝛼 = sin−1  
𝑄 sin 𝜃

𝑅
   

 

Example  

Determine the resultant R of the two forces  Q= 80N and P = 70N  acting on the body and 

calculate the angle of the resultant. 

 

 

 

 

 

 

 

 

𝑅 =  802 +  702 − 2 × 80 × 70 × 𝑐𝑜𝑠135 = 138.6𝑁 

 

sin𝛼

70
=

sin 135

𝑅
     →       α = sin−1(

70 sin 135

138.6
) = 20.918 

 

H.W 

Determine the resultant R of the two forces  Q= 80N and P = 70N  acting on the body and 

calculate the angle of the resultant 

 

 

 

 

 

 

 

 

 

         Q                 R                   

               α         θ 

                 P 

 

                                                

                                        Q= 80N                                                          

                                                       45o    

 

       P = 70N                

                                                

                                        Q= 80N                                                          

                                                       45o    

 

       P = 70N                

 

       80                 R                   

               α        135 

                 70 
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1.3 Force and Components 

It can be analysis the force in to two components 

 Fx …….. in x axis 𝐹𝑥 = 𝐹 cos 𝜃 = 𝐹𝑠𝑖𝑛 𝛽 

Fy…….... in y- axis 𝐹𝑦 = 𝐹 sin 𝜃 = 𝐹𝑐𝑜𝑠 𝛽 

 

Example: Find the x and y components for force F  

𝐹𝑥 = 250 cos 30 = 250𝑠𝑖𝑛 60 = 216.5𝑁 

𝐹𝑦 = 250 sin 30 = 250𝑐𝑜𝑠 60 = 125𝑁 

 

Fy 

       β        F 

            θ 

             Fx 

 

250cos30 

                 30o 

         250               250 sin30 
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H.W 
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1.5  Resultant of Concurrent Force Components  
 

If  there are many concurrent components act  on a body  

 

Rx ……is the summation of forces on x-axis     𝑅𝑥 =  𝐹𝑥  

Ry ……is the summation of forces on y-axis     𝑅𝑦 =  𝐹𝑦  

 

R……..is the resultant   𝑅 =  𝑅𝑥
2 + 𝑅𝑦

2 

 

θ = tan−1(
𝑅𝑦

𝑅𝑥
) 

 

𝑅𝑥 =  𝐹𝑥    = 𝐹2 − 𝐹1 cos 𝜃 

𝑅𝑦 =  ↑ 𝐹𝑦 = − 𝐹3 − 𝐹1 sin𝜃 

 

Example  

Find the resultant of the two forces and its slope, as shown in the figure. 

 

𝑃𝑥 = 200 cos 𝜃 = 200 ×
4

5
= 160𝑁 

𝑃𝑦 = 200 sin𝜃 = 200 × 4/5 = 120𝑁 

 

𝐹𝑥 = 300 cos∅ = 300 ×
3

5
= 180𝑁 

𝐹𝑦 = 300 sin∅ = 300 ×
4

5
= 240𝑁 

𝑅𝑥 =  𝐹𝑥    = 160 + 180 = 340 

𝑅𝑦 =  ↑ 𝐹𝑦 = 120 −240 = −120 

𝑅 =  𝑅𝑥
2 + 𝑅𝑦

2 =  3402 + 1202 = 360.5 

tanα =
𝑅𝑦

𝑅𝑥
→ 𝛼 = tan−1

360

340
= 19.44𝑂  

 

 

 

 

 

 

 

 

       F1 

                

            Θ               F2 

             

                          F3 

Fy 

       β        F 

            θ 

             Fx 

         P=200N 
                       3 
                 4 
                
     3              
           4        F=300N 
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Example  

An aircraft retaining hook is subjected to two forces as shown. Determine the magnitude of 

the resultant? 

 

𝑅𝑥 =  𝐹𝑥    = 150𝑠𝑖𝑛𝜃 − 200𝑠𝑖𝑛𝛽 

= 150 ×
4

5
− 130 ×

12

13
= 120 − 120 = 0 

𝑅𝑦 =  ↑ 𝐹𝑦 = 150cosθ − 130cos 𝛽 

= 150 ×
3

5
− 130 ×

5

13
= 140𝑁 

𝑅 =  𝑅𝑥
2 + 𝑅𝑦

2 =  1402 + 02 = 140𝑁 

 

Example  

The force F which acts on the block of figure has a horizontal rectangular component of 

100Lb. Determine the rectangular component of  F perpendicular  to the inclined plane? 

 

 

 

 

 

 

 

  

 

 

Example 

 
 

      

                        5      3 

130 N   12                     4         150N 

Fy 

       β        F 

            θ 

             Fx 

                                      F 
                                     45o 
                                                 100Lb 
 
 
                                            
                                           5 
                                 12                  x 
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H.W 

Find the magnitude of the force P. If you know the magnitude of the resultant  is 100N and 

the magnitude of the force Q = 50N as shown 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                    y      P               100 
                                                           45o 
                                          β    
                                                             50N      x 
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1.6  Moment of Force 

In addition to the tendency to move a body in the direction of its application, a force can also 

tend to rotate a body about an axis. This rotational tendency is known as the moment  M of 

the force. Moment is also referred to as torque. Figure 2/8b shows a two-dimensional body 

acted on by a force F in its plane. The magnitude of the moment or tendency of the force to 

rotate the body about the axis O-O 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. Therefore, the magnitude of the moment is 

defined as 

𝑀 = 𝐹 × 𝑑 
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Example 

Calculate the moment of the 250N  force on the handle of the monkey about the center the 

bolt  

 

𝐹𝑥 = 250 𝑠𝑖𝑛15 ,          𝐹𝑦 = 250 𝑐𝑜𝑠 15 

𝑀𝑜 = −250 sin 15 × 0.03 + 250 cos 15 × 0.2 

𝑀𝑜 = 48.1 𝑁.𝑚 

                                     200mm       250cos15 

 

          30mm                                                     250sin15 

 

 

H.W 
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HW 
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1.7   couple 

 

 
 

 

Example  

Replace the horizontal 80· lb force acting on the lever by an equivalent system consisting of n 

force at 0 and a couple.  

 

 

 

𝑀 = 80 × 9𝑠𝑖𝑛60 = 624 𝑙𝑏 − 𝑖𝑛 

 

Thus, the original force is equivalent to the 

80· lb force at 0 and the 624-lb-in. couple as 

shown in the third of t he three equivalent 

figures . 
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H.W  

Each propeller of the twin-screw ship 

develops a full speed thrust of 300 kN. 

In maneuvering the ship, one propeller 

is turning full speed ahead and the other 

full speed in reverse. What thrust P 

must each tug exert on the ship to 

counteract the turning effect of the 

ship's propellers? 

 

 

 

 

 

 

 

 

 

 

 

 

During a steady right turn, a person exerts the 

forces shown on the steering wheel. Note that 

each force consists of a tangential component and 

a radially in ward component. Determine the 

moment exerted about the steering column at O. 
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1.8  Resultant of Non Concurrent Coplanar Force 
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Example 

Determine and locate the resultant R of the two forces and one couple acting on the I-beam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example  

If t he resultant of the two forces and couple M passes through point 0 , determine M if you  

know the total moment  at O equal to zero. 
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H.W 

Determine the resultant of the forces and couple applied to the truss and its location respected 

to A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H.W 

A commercial airliner with four jet engines, each producing 90 kN of forward thrust, is in a 

steady, level cruise when engine number 3 suddenly fails. Determine and locate the resultant 

of the three remaining engine thrust vectors. Treat this as a two dimensional problem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             10N.m 
                                             10N 
 
                                                                 1m 
 
                                             20N 
 
                                                                 1m 
                                              10N 
                                  
         
                                                                 1m      
  A 
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FREE-BODY DIAGRAM EXERCISES 

 In each of the five following examples, the body to be isolated is shown in the left-hand 

diagram, and an incomplete free-body diagram (FBD) of the isolated body is shown on the 

right. Add whatever forces are 
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1.9  Equilibrium Conditions 

 

We defined equilibrium as the condition in which the resultant of all forces and moments 

acting on a body is zero. Stated in another way, a body is in equilibrium if all forces and 

moments applied to it are in balance 

 

 𝐹𝑥 = 0,                  𝐹𝑦 = 0,                   𝑀 = 0,                              
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Example 

 

Example 
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Example 

The mass center G of the 1400-kg rear-engine car is located as shown in the figure. 

Determine the normal force under each tire when the car is in equilibrium. State any 

assumptions. 

 

 

 

 

 

 

 

 

 

 

 

Example 

The 450-kg uniform I-beam supports the load shown. Determine the reactions at the supports. 
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Example  

The indicated location of the center of gravity of the 3600-1b pickup truck is for the un laden 

condition. If a load whose center of gravity is x = 16 in. behind the rear axle is added to the 

truck, determine the load weight WL for which the normal forces under the front and rear 

wheels are equal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 

A man is holding an 8-lb weight in her hand with the entire arm held horizontally as shown in 

the figure. A tensile force in the deltoid muscle prevents the arm from rotating about the 

shoulder joint O ; this force acts at the 21
o
 angle shown. Determine the force exerted by the 

deltoid muscle on the upper arm at A  and the .x- and y-components of the force reaction at 

the shoulder joint O. The weight of the upper arm is VU = 4.1 lb, the weight of t he lower arm 

is WL, = 2.4 lb, and the weight of the hand is WH = 0.9 lb; all these weights act at the 

locations shown in the figure.                         Ans. FD = 160.2 lb, Ox = 149.5 Ib, Oy = - 42.2 lb  
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Example 

The man pushes the lawn mower at a steady speed with a force P that is parallel to the 

incline. The mass of the mower with attached grass bag is 50 kg with mass center at G. If      

θ = 15°, determine the normal forces NB and Nc under each pair of wheels B and C. Neglect 

friction. Compare with the normal forces for the conditions of θ = 0 and P = O. 

 

Ans. NB = 214 N,  NC  = 260 N With θ = P = 0: NB = 350 N, Nc = 140.1 N 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 

The uniform bar with end rollers weighs 60 lb and is 

supported by the horizontal and vertical surfaces and by 

the wire AC. Calculate the tension T in the wire and the 

reactions against the rollers at A and at B.  
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Example  

The device shown in the figure is useful for lifting 

drywall panels into position prior to fastening to 

the stud wall. Estimate the magnitude P of the 

force required to lift the 25-kg panel. State any 

assumptions. 
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1. 10    Analysis of Truss 
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There are two methods to analysis the forces system in truss structure 

1- Method of joint 

2- Method of section 

 

 

1- Method of Joints 

 𝐹𝑥 = 0,                             𝐹𝑦 = 0       

Example  

Determine the forces in member CG, FG and CH in the truss of  

 𝐹𝑥 = 0       

𝐴𝑥 = 0 

 𝐹𝑦 = 0 

𝐴𝑦 − 2000 − 4000 − 2000 + 𝐸𝑦 = 0 

By symmetric the truss and the distribution of loads 

 

𝐴𝑦 = 𝐸𝑦 =
8000

2
= 4000𝐿𝑏 ↑   

𝐴𝑡 𝑗𝑜𝑖𝑛𝑡 𝐴 

↑  𝐹𝑦 = 0 = 4000 −
3

5
𝐹𝐴𝐵 = 0 →           𝐹𝐴𝐵 =

2000

3
𝐿𝑏 

 𝐹𝑥 = 0 = 𝐹𝐴𝐵 cos 𝜃 − 𝐹𝐴𝐻 = 0 →           𝐹𝐴𝐻 =
2000

3
×

4

5
=

16000

3
𝐿𝑏 

 

𝐴𝑡 𝑗𝑜𝑖𝑛𝑡 𝐵 

 

 𝐹𝑥 = 0 →          =
2000

3
×

4

5
− 𝐹𝐵𝐶 →    𝐹𝐵𝐶 = 4000

16000

3
𝐿𝑏 

↑  𝐹𝑦 = 0 =        
2000

3
×

3

5
+𝐹𝐵𝐻 − 2000 = 0 →           

 

𝐹𝐵𝐻 = 2000𝐿𝑏 

 

𝐴𝑡 𝑗𝑜𝑖𝑛𝑡 𝐻 

 

 

↑  𝐹𝑦 = 0 =        
3

5
× 𝐹𝐻𝐶 − 2000 = 3333.3           

 

 𝐹𝑥 = 0 →          =
−16000

3
−

10000

3

4

5
+ 𝐹𝐻𝐺 →    𝐹𝐻𝐺 = 8000𝐿𝑏 

 

  

             

                  2000N   4000N      2000N 

                        B                 C            D  

 

                      3 

     A                H           G         F                     E  

 

               20             20         20          20                

  

  
          AB 
       A              AH 
 
 
           Ay 

        2000 
          AB 
      B                FBC 

 
FAB        FBH 

        16000 
                   FHC 

 
FAH     H     FHG 
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Example 

Determine the force in members HI, FG and BC 

of the truss. 

Ans: FHI = 12000Lb,  FFG = (12000/8) Lb 

           and FBC = 9000/6Lb 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         6             6             6 

900Lb 

                     F            G              H              2000Lb  

          8 

 

                       C          D             E 

 

          8 

                   
                     A               B 
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2- Section Method 
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Example 

Find the  internal forces in each member  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       900Lb         6             6       900Lb 
 
                     F            G              H               
          8 
 
                       C          D             E 
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1.11 Friction 
Dry friction resists relative lateral motion of two solid surfaces in contact. Dry friction is 

subdivided into static friction ("stiction") between non-moving surfaces, and kinetic 

friction between moving surfaces. 

 

A- Friction in a Horizontal Surface  

 

Friction force is parallel and opposite to the movement 

Where ; P : is pulling force  

              N : is normal reaction  

              F : friction force 

 

 

https://en.wikipedia.org/wiki/Stiction
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1- In case of Static   

 𝐹𝑥 = 0

→+

→        𝑃 − 𝐹 = 0 →                  ∴ 𝑃 = 𝐹 

↑  𝐹𝑦 = 0 →        𝑁 −𝑚𝑔 = 0 

 

At maximum friction 

 

For a given pair of mating surfaces the experiment shows that this maximum value of static 

friction Fmax is proportional to the normal force N. Thus , we may write 

 

𝑭𝒎𝒂𝒙 = 𝑵 × 𝝁𝒔 

 

Where  µs   is  a coefficient of static friction. 

 

2- In Case dynamic   

 

After slippage occurs 

 

𝑭𝑲 = 𝑵 × 𝝁𝒌 

 

where µk is the coefficient of kinetic friction 

 

B- In Inclined Surface  

tan𝛼 =
𝐹

𝑁
 

 

at maximum value of  α (before the body stars in movement) 

 

tan𝛼 = 𝜇𝑠 

In moving  

 

tan𝛼 = 𝜇𝑘  

 

 

 

 

 

 

 

 

 

  
                                         F                F 
            P 
 µs                             α   α                         α 

              α                  N                   N  
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Example  

The 700-N force is applied to the 100-kg block, which is stationary before the force is 

applied. Determine the magnitude and direction of the friction force F exerted by the 

horizontal surface on the block. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 

 

The designer of a ski resort wishes to have a portion of a beginner's slope on which the skier's 

speed will remain fairly constant. Tests indicate the average coefficients of friction between 

skis and snow to be µs = 0.10 and µk = 0.08. What should be the slope angle θ of the constant 

speed section? 
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Example  

 

The coefficients of static and kinetic friction between the 100kg block and the inclined plane 

are 0.30 and 0.20, respectively. Determine (0) the friction force  F acting on the block when 

P is applied with a magnitude of  200 N to the block at rest, (b) the force P required to initiate 

motion up the incline from rest. and (c) the friction force F acting on the block if P 600 N. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 

Determine the distances to which the 90-kg painter can climb without causing the 4-m ladder 

to slip at its lower end A. The top of the I5-kg ladder has a small roller, and at the ground the 

coefficient of static friction is 0.25. The mass center of the painter is directly above her feet. 
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                                                                  Example 

 

 

 

 

 

 

 

 

 

 

 


