Week 7 : Day 2
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Q Kinetic Energy
>

Q Potential Energy
>

U, =mgW, U, =§ X,...

UPI Slide 2 of 8 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci




O Consider the b A 23 e
1. A box has mass 2.5 kg and moves along a horizontal track. There is NO friction.

At the first location that you see the box, it moves to the right at 4.0 m/s, and you notice that it is
> being pulled by a rope angled at 30° with tension of 6.0 N.

(a) Draw a free body diagram for the box. ’j/

(b) You want to find the speed of the block after it has moved 1.5 m to the right.

o (i) How much work on the box does the normal force do?
(ii) How much work on the box does the weight do?
(iii) How much work on the box does the pull do?

(iv) What is the net work done on the box?

(c) What is the speed of the box after it has moved the 1.5 m?

(d) Now suppose that there IS a coefficient of friction of 0.12. Show that the friction force is
2.6N.

(e) What is the work done on the box by friction?

F _ (f) Including friction, what is the net work, and what is the speed of the box after it moves?
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O Mechanical Energy

> - E=K+U
a Conservation of Energy

>

>

UPI Slide 4 of 8 Adapted from Halliday, Resnick and Walker; © Michael Jay Schillaci




QO Consider the motion of
a book
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Conservative and Non-Conservative Forces

1. Force of gravity: Motion in a Vertical Plane

Point A is at your feet, point B is 2 m vertically up and 1.5 m horizontally from the first point. Three
paths between point A and point B are shown.

You move a ball from A to B along each of the paths. The ball has a mass of 4.0 kg and is motionless at
the start and at the end.

(a) What is the net work done on the ball in each for each of the three paths?

(b) Determine the work done by the force of gravity for Path 1.

(c) Determine the work done by the force of gravity for Path 2.

(d) Determine the work done by the force of gravity for the diagonal line, Path 3.
(e) Are your answers the same or different for the three paths?

(f) Does the work of gravity equal the net work? Why or why not?
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Consider a force F' acting on a particle at an angle ¢ to the motion. The rate

at which 7' does work 1s given by P = aW _ L oos pax =Fcos¢ wx_ Fvcos @.
dt dt dt
Bead G‘/wvf x
e | P=Fvcosg=F -
d Power and work
>

dW

P=—
dt
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Unit of #: The SIunit of power 18 the watt. It 1s defined as the power
of an engine that does work W =11J 1natimef = 1 second.

A commonly used non-SI power unit is the horsepower (hp), defined as
1hp - 746 W.

The kilowall-hour The kilowatl-hour (kWh) 15 a umil of work. It 15 delined
as the work performed by an engine of power P = 1000 W 1n a time £ = 1 hour,

W =Pt =1000x3600 = 3.60x10° J. The kWh is used by electrical utility
companies (check your latest electric bill). %

avg At

We define "power" P as the rate at which work 1s done by a force F..

If /' does work I 1n a time interval Ar then we define the average power as
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Power

u
D I o we r c a I c u I at I O n S Power is defined to be the rate work is done, or energy changes. If a force does work W

over some interval, the average power is given by

> Py =
At

The instantaneous power is given by P=dW/dt. If the force is constant, the work is

> given by W =FE-.d thus the power is the time derivative of this, or P=F.v

1. A tired physics student trudges up from the ground floor to his third floor
physics class.

D Ave ra g e I o we r a) Estimate the mass of a student, and the height of the third floor.

b) ‘What is the work done by gravity?
) What is the work done by the student?

d) If it took him 50 seconds to get up to the third floor, what was the average power
of the student?

e) If he was eager to get to class and do a fun lab, and he ran up the stairs in 15
seconds, what was the power?
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