Class 23: Work and kinetic energy (Con’t)



Acceleration by chain rule (1D)

If we know the velocity as a function of time, we can differentiate it
w.r.t. time and find out how the acceleration depends on time:

_dv
o dt

However, very often we only know the velocity as a function of position
(i.e. coordinate x). What to do in this case?
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The answer

In most cases we live in a “force field” — there is always a force acting on us
and this force depends on where we are.
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Work (abbreviation: W)

X¢ Y¢ Zs
Work done W by a force F= [ F, dx+ [ F dy+| F,dz
X Yi Zj

1. Work is a scalar (sum of definite integrals) — it has no
direction.

2. Unit of work: Joule (J). Joule is not a fundamental
unit, J = Nm = Kgm?s.

3. Work done by a force can be positive, negative, or 0.



Dot product (a.k.a. scalar product)

A-B= AB,+AB, +A,B,

ﬂ X

A-B= |A|B|cosé

1. The result is a scalar, that’s why its called the scalar product.

2. The equivalency is useful to calculate the angle between two vectors, if you
know the components of these two vectors.



Work

X¢ Vi Zg
Work done W by a force F= j F, dx+j F, dy+_[ F, dz

F= dex+dey+dez
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Work done W by a force E =_[ F-dr
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When F is constant

Xs Vi Z¢
Work done W by force F= [ F, dx+ [ F dy+[ F,dz
X; Yi Z;

= Fxxf dx+FyT dy+FZZJI dz
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Path independent

(d = AXi + Ayj+ Azk = F, yF)
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More than one force

1mvfzx-lmv.2 =_[ F dx
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Emvfy-—mviy =_[ F, dy
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Dot product notations

One force: (% mv; - % mvizj = | F-df

1 1 “ . Xs 2\
Many forces: (Emvf'imvizj :Z X F-dr :;([ [Z Fi)'dr
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Total work Work done by total force



Kinetic energy (abbreviation: K)

1 1~
Kinetic energy of a moving particle=§m(V§ +v§+v§)=5mv2=5mv-v

1. Kinetic energy is a scalar — it has no direction.

2. Unit of kinetic energy: Joule (J), the same unit as
work.

3. Kinetic energy is always positive, because m>0 and
v2>0. There is no negative kinetic energy.



