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3.3
Energy & Forces In 3D
3.3.1 Work
Consider pulling a block over a horizontal surface.
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Generally:

3.3.1.1
W = F . d
· W is a scalar
· W can be < 0 (if F opposes the displacement), e.g. work done by fluid drag (Link 2.6.3)
· W = 0, if F is perpendicular to d, e.g. gravity does no work in the horizontal direction.

· If several forces act on an object, W for each one is different.
e.g. If we use the force F to raise a mass m to a height h at a constant velocity, then:
                     F



Work done by F = Fh
>0 as F is in same direction as displacement



Work done by gravity = -mgh
>0 as force opposes the direction of 
Constant          displacement
velocity
                     mg
Wtot = (F - mg)h

But as velocity is constant 
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If motion is not in a “straight” line, we can split the path into small elements, and find the work over all the elements.


        dl
Work over this element, is given by

3.3.1.2
dW = F . dl
Summing over all elements gives:
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3.3.2 Power And Energy
Dividing 3.3.1.2 by dt will be get power:
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Therefore

3.3.2.1
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Which is a generalisation of 2.3.3.2
We can use these new definitions to prove the work energy theorem:
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Using the product rule
Integrating

LHS = 
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As it is a same in an intrinsic property

RHS =
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 Work done between the two times (not change in work done)

Hence

3.3.2.2 W = 
[image: image9.wmf]D

K
Work Energy Theorem is correct (Link to section 2.3.3)
3.3.3 Conservative Forces

Conservative forces can be represented by potential energy (a function of position). If there are no other forces then E = K + U = constant 
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 EMBED Equation.3  [image: image11.wmf]D

K = -
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U
3.3.2.2 leads to

3.3.3.1
W = -
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U In a conservative force.
Consider the closed path below:


                                             Start and end point






[image: image14.wmf]®

 Ufin – Uinit = 0
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 Wtot = 0

i.e.

3.3.3.2 
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Closed path

From 1D studies, where U was a function of x only

2.3.4.3 
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 EMBED Equation.3  [image: image18.wmf]dx
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However if U varies with r rather then x, then,
3.3.3.3
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Where 
[image: image20.wmf]^

r

is a unit vector in a radial direction.

U is a scalar field.
A field is defined as a region where a variable is defined at all points over that region.

In general U varies with x, y and z.

3.3.3.4 
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   In a conservative force






Only the horizontal component of T (Tcos� EMBED Equation.3  ���) contributes to work done.





W = Tcos� EMBED Equation.3  ���d





Or





W = T . d  


Where d is vector displacement








Page 3 of 3

_1256506770.unknown

_1256506987.unknown

_1256507235.unknown

_1256507389.unknown

_1256507522.unknown

_1256507755.unknown

_1256507479.unknown

_1256507300.unknown

_1256507202.unknown

_1256506964.unknown

_1256506977.unknown

_1256506810.unknown

_1256506263.unknown

_1256506716.unknown

_1256506755.unknown

_1256506350.unknown

_1256506143.unknown

_1256506202.unknown

_1256505973.unknown

_1256497017.unknown

