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Forces in space Classification of system of forces FS - 2  
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Forces in space   A Force in space: The force system which is acting in different planes is called as 
non-coplanar force system or space forces. 

A Force is said to be in space if its line of action makes an angle α, β  and γ with 
respect to rectangular co-ordinate axes X, Y and Z  respectively as shown the Fig. 
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Forces in space 

Noncoplanar system of forces (Forces in Space) and Their Classifications 

System of forces which do not lie in a single plane is called non-coplanar system of 
forces(Forces in space ).  

A typical noncoplanar system of forces (forces in space) is shown in  the Fig. below  

       

 

 

 

 

 

 FS - 3 

  

Noncoplanar system of forces(Forces in space) can 
be broadly classified into three categories. They 
are  

      1. Concurrent noncoplanar system of forces 

      2. Non-concurrent noncoplanar system of forces 

      3. Noncoplanar parallel system of forces 
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Forces in space 
   1. Concurrent noncoplanar system of 

forces:  Forces which  meet at a point 
with their lines of action do not lie in a 
plane are called “Concurrent 
noncoplanar system of forces”. A 
typical system of Concurrent 
noncoplanar system of forces is shown 
in the Fig. 

 

 

 

FS - 5 

  2.  Non-concurrent noncoplanar system of 

forces:  Forces which do not meet at a point 
and their lines of action do not lie in a plane, 
such forces are called “Non-concurrent 
noncoplanar system of forces”. A typical 
system of non-concurrent noncoplanar system 
of forces is shown in the Fig. 
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3. Noncoplanar parallel system of forces: If  lines of action of 
all the forces in a system are parallel and they do not lie in a 
plane such a system is  called Non-coplanar parallel system of 
forces. If all the forces are pointing in one direction then they 
are called Like parallel forces  otherwise they are called unlike 
parallel forces as shown in the Fig. 
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   Rectangular components of a force in space  
 

FS - 9 
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Now applying Pythagorean theorem to the triangles OAB and OCD 

F2 = (OA)2  = OB2  + BA2  =  Fy
2  +Fh

2   ----------------(1) 
  

Fh
2 = OC2  = OD2  + DC2  =  Fx

2  +Fz
2     ----------------(2) 

  

Substituting equation (2)  into the equation (1), we get 
  

 F2 = Fx
2  +Fy

2 + Fz
2   

  

 F =    Fx
2  + Fy

2  + Fz
2   -----(3) 
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From the above Figure (Fig.) 

  

  Fx = F Cos x,  Fy = F Cosy, Fz = F Cosz  ------------(4)  

 

Where  x, y, z are the angles formed by the force F with X, Y, Z axes respectively. 

 Fx, Fy, Fz are the rectangular components of the force F in the directions of  X, Y, Z axes respectively. 

 

Cos x = Fx/F;    Cosy =  Fy/F;   Cosz = Fz/F 

  

Substituting equation (4) into the equation (3), we get 

 

F =   Fx
2  +  Fy

2 + Fz
2 

  

F =   F2Cos2x + F2Cos2y + F2Cos2z  

F2 =   F2 ( Cos2x + Cos2y +  Cos2z ) 

  

  1 =   Cos2x + Cos2y +  Cos2z       -------------(5) 

 

Forces in space FS - 14 
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Force in vector form 
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Moment of a force 
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Resultant of concurrent forces in Space:- 

Resolve all the forces into their rectangular components in X, Y and Z axes directions. Adding 

algebraically  all the horizontal components in the x direction gives 

  

  Rx =  Fx,  

Similarly adding algebraically all the components in y and z directions yield the following 

relations 

  Ry =  Fy,   

  Rz =  Fz 

  

Thus magnitude of resultant  

 

   R =  Rx
2 + Ry

2  + Rz
2  

  

Angles x,  y, z resultant forms with the axes of coordinates are obtained by 

 

R

R
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R

R
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R

R
Cos z

z
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y
x

x   ;;
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Problem: 
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• A force of magnitude 50 KN is acting at point A (2,3,4) m towards point B (6, -2, -3) m. 
Find the moment of the given force about a point D (-1, 1, 2) m 

Problem: 
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Resultant of Concurrent Space Force System: 
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Problems: 

(1)   A tower guy wire is anchored by means of a bolt at A is shown in the following 

Figure. The tension in the wire is 6000N. Determine  

       (a) The components Fx, Fy, Fz of the forces acting on the bolt.   

       (b) The angles x, y, z defining the direction of the force. 
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   Solution: (a)   Here dx = 50m,  dy = 200m, dz = -100m 
 

        Total distance  A to B 
 

   d =  dx
2 + dy

2 + dz
2    

 

     =   (50)2 + (200)2 + (-100)2    
  

     = 229.13 m 
  

Using the equation,    Fx /dx  =  Fy/dy   =  Fz/dz  = F/d 
  

Fx = dx . (F/d)   =   (50 x 6000)/ 229.13  = 1309.3 N 
  

    Fy = dy . (F/d)  =  (200 x 6000)/ 229.13  = 5237.20 N 
  

    Fz = dz . (F/d)   =   (-100 x 6000)/ 229.13  = -2618.6 N 
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(b) Directions of the force: 

  

     Cos x = dx /d ,   x = Cos–1 (50/229.13) = 77.4  

  

      y = Cos–1 (dy /d) =  Cos–1 (200/229.13) = 29.2 

    

    z = Cos–1 (dz /d) =  Cos–1 (-100/229.13) = 115.88 
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The tower is held in place by three cables. If the force of each cable acting 

on the tower is as shown in figure, determine the resultant. 
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The resultant of the three concurrent space forces at A is Ṝ = -788j N. Find 

the magnitude of F1, F2 and F3 force.  
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Solution: 
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Resultant of Parallel Space Force System: 

Location of Resultant                                    Found out by using Varignon’s Theorum   
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A square foundation mat supports the four columns as shown in figure. 

Determine the magnitude and point of application of the resultant of the 

four loads.   
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Problem: 
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Solution: 
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Point of application of resultant: 
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Resultant of General Space Force System: 
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Determine the resultant force and couple moment about the origin of the 
force system shown in figure. L(OA) = 4 m, L(OC) = 5 m, L(OE) = 3 m 
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Solution: 
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Practice Problem: 
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Practice Problem: 



3/18/2021 51 FY B.Tech_EM_Jan-June 2021  : Prof. Abhishek P. S. Bhadauria 



3/18/2021 52 FY B.Tech_EM_Jan-June 2021  : Prof. Abhishek P. S. Bhadauria 



3/18/2021 53 FY B.Tech_EM_Jan-June 2021  : Prof. Abhishek P. S. Bhadauria 

Practice Problem: 
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Equilibrium of Space Forces: 
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Problem: 
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Problem: 

A rod AB supports a load of 1000 N as shown. Neglect weight of the rod. 
Determine tension in each cable and force in the rod AB. 

Solution: 

F ---> Force in rod AB 
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