
Handout 05.1
Free-Body Diagrams (FBD) 
A FBD is a picture that illustrates all of the forces acting on a particular object.  The 
object is “free” from its environment, as only the forces are shown.  FBDs are essential 
in Mechanics and will be required for all of your solutions to Dynamics (Newton’s Laws) 
problems.


Steps:

1. Isolate the object being analyzed. 

Identify ALL forces that act ON the object;  NOT the forces it exerts on its 
surroundings.


2. Draw a convenient coordinate system. 


3. Represent the object as a dot at the origin, when possible (particle model). 


4. Draw vectors representing each of the identified forces.  
(Tail of each force vector on the object.  Illustrate angles.) 





Free-Body Diagram Sketching: Dos and Don’ts 
 
 Example: top view of a box pulled by  
                            three ropes.


 FBDs: 

✓  DOs: ✗  DON’Ts:

• Represent forces with vectors (arrows) • Represent forces with lines without arrowheads

• Label each vector with a symbol • Label vectors with values, or leave unlabeled

• Illustrate the angles wrt the coordinate axes • Forget to identify the angles

• Place the tail of the vector on the object (dot) • Place the tail of the vector at random locations
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Handout 05.1
Second (Components) Free-Body Diagram  
If there are vectors not aligned with the axes in the first FBD, draw a second FBD where 
the non-aligned vectors are decomposed (“broken”) along said axes.  


This Second –or Components– FBD is a like copy of the first one: 

• it must follow the same orientation of the axes; and

• it must include all force vectors.


The only difference between the two FBDs is that the latter illustrate the component 
vectors of the non-aligned vectors.

 

Component Vectors: 
After sketching the Components FBD, determine the magnitude of the component 
vectors in terms of the original vector magnitudes and the angle(s), that is, use 
trigonometry. 
 
For example:

	 F2y = F2 sin θ 

	 F3y = F3 cos 𝜙



Note: 
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<latexit sha1_base64="AXtiznjitl8Bto0JgvxFEuD/TOM=">AAACJXicbVDLSgMxFM3UVx1foy7dBIvgqsy0RbtwURDEZQX7gM4wZNK0Dc08SDLFYZifceOvuHFhEcGVv2LaDmhbDwTOPefeJPd4EaNCmuaXVtjY3NreKe7qe/sHh0fG8UlbhDHHpIVDFvKuhwRhNCAtSSUj3YgT5HuMdLzx7czvTAgXNAweZRIRx0fDgA4oRlJJrnFjTwhO7zI3rTxlum3rv3WyXFdX/GqSuUbJLJtzwHVi5aQEcjRdY2r3Qxz7JJCYISF6lhlJJ0VcUsyIuj8WJEJ4jIakp2iAfCKcdL5lBi+U0oeDkKsTSDhX/06kyBci8T3V6SM5EqveTPzP68VyUHdSGkSxJAFePDSIGZQhnEUG+5QTLFmiCMKcqr9CPEIcYamC1VUI1urK66RdKVtX5dpDrdSo53EUwRk4B5fAAtegAe5BE7QABs/gFbyDqfaivWkf2ueitaDlM6dgCdr3D8j3pM4=</latexit>

~F2x

~F2y

~F3x

~F3y

<latexit sha1_base64="AXtiznjitl8Bto0JgvxFEuD/TOM=">AAACJXicbVDLSgMxFM3UVx1foy7dBIvgqsy0RbtwURDEZQX7gM4wZNK0Dc08SDLFYZifceOvuHFhEcGVv2LaDmhbDwTOPefeJPd4EaNCmuaXVtjY3NreKe7qe/sHh0fG8UlbhDHHpIVDFvKuhwRhNCAtSSUj3YgT5HuMdLzx7czvTAgXNAweZRIRx0fDgA4oRlJJrnFjTwhO7zI3rTxlum3rv3WyXFdX/GqSuUbJLJtzwHVi5aQEcjRdY2r3Qxz7JJCYISF6lhlJJ0VcUsyIuj8WJEJ4jIakp2iAfCKcdL5lBi+U0oeDkKsTSDhX/06kyBci8T3V6SM5EqveTPzP68VyUHdSGkSxJAFePDSIGZQhnEUG+5QTLFmiCMKcqr9CPEIcYamC1VUI1urK66RdKVtX5dpDrdSo53EUwRk4B5fAAtegAe5BE7QABs/gFbyDqfaivWkf2ueitaDlM6dgCdr3D8j3pM4=</latexit>

~F2x

~F2y

~F3x

~F3y

<latexit sha1_base64="AXtiznjitl8Bto0JgvxFEuD/TOM=">AAACJXicbVDLSgMxFM3UVx1foy7dBIvgqsy0RbtwURDEZQX7gM4wZNK0Dc08SDLFYZifceOvuHFhEcGVv2LaDmhbDwTOPefeJPd4EaNCmuaXVtjY3NreKe7qe/sHh0fG8UlbhDHHpIVDFvKuhwRhNCAtSSUj3YgT5HuMdLzx7czvTAgXNAweZRIRx0fDgA4oRlJJrnFjTwhO7zI3rTxlum3rv3WyXFdX/GqSuUbJLJtzwHVi5aQEcjRdY2r3Qxz7JJCYISF6lhlJJ0VcUsyIuj8WJEJ4jIakp2iAfCKcdL5lBi+U0oeDkKsTSDhX/06kyBci8T3V6SM5EqveTPzP68VyUHdSGkSxJAFePDSIGZQhnEUG+5QTLFmiCMKcqr9CPEIcYamC1VUI1urK66RdKVtX5dpDrdSo53EUwRk4B5fAAtegAe5BE7QABs/gFbyDqfaivWkf2ueitaDlM6dgCdr3D8j3pM4=</latexit>

~F2x

~F2y

~F3x

~F3y

<latexit sha1_base64="AXtiznjitl8Bto0JgvxFEuD/TOM=">AAACJXicbVDLSgMxFM3UVx1foy7dBIvgqsy0RbtwURDEZQX7gM4wZNK0Dc08SDLFYZifceOvuHFhEcGVv2LaDmhbDwTOPefeJPd4EaNCmuaXVtjY3NreKe7qe/sHh0fG8UlbhDHHpIVDFvKuhwRhNCAtSSUj3YgT5HuMdLzx7czvTAgXNAweZRIRx0fDgA4oRlJJrnFjTwhO7zI3rTxlum3rv3WyXFdX/GqSuUbJLJtzwHVi5aQEcjRdY2r3Qxz7JJCYISF6lhlJJ0VcUsyIuj8WJEJ4jIakp2iAfCKcdL5lBi+U0oeDkKsTSDhX/06kyBci8T3V6SM5EqveTPzP68VyUHdSGkSxJAFePDSIGZQhnEUG+5QTLFmiCMKcqr9CPEIcYamC1VUI1urK66RdKVtX5dpDrdSo53EUwRk4B5fAAtegAe5BE7QABs/gFbyDqfaivWkf2ueitaDlM6dgCdr3D8j3pM4=</latexit>

~F2x

~F2y

~F3x

~F3y

  	      (First FBD)	 	 	 	       (Second FBD)

• F2 x and  F2y are called the “component vectors” of F2 , while their magnitudes are 
simply referred to as the “components”.

• These (trig) relations only hold for the magnitudes or components, not the vectors 
themselves.  Do not cap these vectors/component vectors with arrows.

<latexit sha1_base64="rVuEEeN1LdJ+EVN5li7s2K4+0uo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahp5KUoh4LgnisYD+gCWWz3bRLN5uwuymEkL/hxYMiXv0z3vw3btsctPXBwOO9GWbm+TFnStv2t1Xa2t7Z3SvvVw4Oj45PqqdnPRUlktAuiXgkBz5WlDNBu5ppTgexpDj0Oe37s7uF359TqVgknnQaUy/EE8ECRrA2kuvOKcnu81HWTPNRtWY37CXQJnEKUoMCnVH1yx1HJAmp0IRjpYaOHWsvw1IzwmlecRNFY0xmeEKHhgocUuVly5tzdGWUMQoiaUpotFR/T2Q4VCoNfdMZYj1V695C/M8bJjq49TIm4kRTQVaLgoQjHaFFAGjMJCWap4ZgIpm5FZEplphoE1PFhOCsv7xJes2Gc91oPbZq7XoRRxku4BLq4MANtOEBOtAFAjE8wyu8WYn1Yr1bH6vWklXMnMMfWJ8/Nw+Ruw==</latexit>

~F2y

<latexit sha1_base64="kATP352+ye1eXBA/Ec7rB+Fsrzk=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvQU9ktRT0WBPFYwX5Au5RsOtuGZpMlyRbKsj/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewtb2zu1fcLx0cHh2flE/POlomikKbSi5VLyAaOBPQNsxw6MUKSBRw6AbTu4XfnYHSTIonM4/Bj8hYsJBRYqzUH8yApvfZMK1nw3LFrblL4E3i5aSCcrSG5a/BSNIkAmEoJ1r3PTc2fkqUYZRDVhokGmJCp2QMfUsFiUD76fLkDF9ZZYRDqWwJg5fq74mURFrPo8B2RsRM9Lq3EP/z+okJb/2UiTgxIOhqUZhwbCRe/I9HTAE1fG4JoYrZWzGdEEWosSmVbAje+subpFOvede1xmOj0qzmcRTRBbpEVeShG9RED6iF2ogiiZ7RK3pzjPPivDsfq9aCk8+coz9wPn8AVkeROA==</latexit>

~F2

<latexit sha1_base64="CkHdlx9WWCDSyJ7rUNp8FVTEguw=">AAAB83icbVBNS8NAEJ34WetX1aOXYBF6Kkkp6rEgiMcK9gOaUDbbSbt0swm7m2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekHCmtON8WxubW9s7u4W94v7B4dFx6eS0reJUUmzRmMeyGxCFnAlsaaY5dhOJJAo4doLx7dzvTFAqFotHPU3Qj8hQsJBRoo3keROk2d2sn9WeZv1S2ak6C9jrxM1JGXI0+6UvbxDTNEKhKSdK9Vwn0X5GpGaU46zopQoTQsdkiD1DBYlQ+dni5pl9aZSBHcbSlND2Qv09kZFIqWkUmM6I6JFa9ebif14v1eGNnzGRpBoFXS4KU27r2J4HYA+YRKr51BBCJTO32nREJKHaxFQ0IbirL6+Tdq3qXlXrD/Vyo5LHUYBzuIAKuHANDbiHJrSAQgLP8ApvVmq9WO/Wx7J1w8pnzuAPrM8fNYqRug==</latexit>

~F2x


