Work and kinetic energy

1d motion: v -vi, =2a (x-%,) | xm/2

2 2
mv mv
X XOZFX(X_Xo):FXAX
2 2
. . 2 2 2 2 2 -
3d motion: |V|"=V" =V +V, +V, Ar = (AX, Ay, Az)
mv:  my2

2

——C —F AX+F Ay+F, Az=F -AF
2 y

K—-K =W Change in the kinetic energy equals
=

to work done by the external force

Scalar (dot) product:

o my> _ d-b=ab +ab, +ab,
=7 W=F.AF
a-b=abcos(4,)
page 1 Lecture 10 PHY2170 Winter 2009 S.A. Voloshin WNNERIASF




Work done by constant force

*In physics, the work done on an object is the scalar product of the force exerted on
that object multiplied by the displacement of that object.

oIf the force exerted on an object is zero, or the displacement of the object is zero,

no work is done.
ex: pushing down on a book sitting on a table does no work on the book,

since the displacement is zero.
ex. A box is pushed across a level floor. The work done by gravity is

equal to zero, because the displacement is at a right angle to the force.
*Work can be positive or negative, since cosf can be positive or negative.

* Positive work done on an object increases its energy, negative work done on an
object reduces its energy.

e Energy is a scalar quantity associated with a system of objects, often defined as

the ability to do work.
*The SI unit of energy is the Joule (J) where ]=N m =kg m?/s2.
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Work done by gravity

*The force of gravity on an object is constant, so we can use the equation
W,=F-s=Fscos to find the work done by gravity (here 6 is the angle between

F and s).

eFor a rising object, s is directed upward, and F is directed downward. This

means that 0 is 180°, so cos6=-1.
In this case, W= (F)(s)(-1) = -mgs, where s is the vertical distance traveled by the

object. Since W, is negative, gravity is doing negative work on an object,
decreasing its energy.

* When the object is falling back down, both s and F are directed downward so
0=0°and cos0 = +1.

Then W =(F)(s)(+1)=mgs, where s is the vertical distance traveled by the object.
Since W, is positive, so gravity does an amount mgs of positive work on the
object.
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Work done by lifting

*Suppose an object is lifted up by applying a constant force F, directed upwards, just
sufficient to compensate for the force of gravity (that is, the acceleration of the object is
always approximately zero).

*The work by the applied force, F,, through a vertical distance s is W,=F_s (heresand F
are in the same direction so coso = +1).

*The total work done on the object moving upward is the work done by the applied force
plus the work done by gravity, W, ,=W_+W = Fs + (-mgs).
*This implies that there is no net work being one on the object; W+ W, =0 so
W,= -W,, the applied force transfers the exact same amount of energy to the object that the
gravitational force removes from the object.

ex. How much work must you do to lift a 10 kg box to a height of 1.0 m, if the

box begins and ends at rest (has a~0 everywhere)?

W, = mgs = (10 kg)(9.8 ms2)(1 m) = 98 J, so you must do +98 J of work to lift

app™
the box. Note that gravity is doing negative work, so the net work is zero.
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Work done by a variable force

*1D: For a general, non-constant force, we define the work done by the force,

between initial position x; and final position x, as:

W = [ F(x)dx

*In 3D this equation can be generalized to:
FZ = /> —
:_.FU)dr:j Fdx+j F,dy + [ F,dz
h

where the integral is calculated over the path the partlcle takes,
F,, F, and F, are the components of force along the x, y, and z axes, and
r, = (x,y,2z,) and r,=(x,Y,z,) are the initial and final positions.
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Work done by a spring

*The force exerted by a springis F = -kx, where k is the spring constant, and
x is the displacement from the equilibrium position of the spring.

*The work done by the spring on an object as the object is moved from a
displacement x, to a displacement x, is:

2

W, = [ (~kx)dx = $kx} —$kx;

*In the special case that x, is the equilibrium position of the spring, x,;=0 so
W, = -1 kx2.

*The work done by the spring is positive if the object ends up closer to the
equilibrium position (x=0) and negative if the object ends up further away.
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