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Power: is the time rate of energy transfer.

Average power: the time rate at which work is being done.
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The instantaneous power is defined as: the power at an instant.
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Power

A scalar quantity could be: positive, negative or zero.

The instantaneous power when Force is constant:

P=F-%=Fuvcos

This expression for power is valid for any means of energy transfer.
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Units of Power

The SI unit of power is called the watt.

1W=1]/s=1kg.m?/s3

A unit of power in the US Customary system is horsepower.

1hp =746 W

Units of power can also be used to express units of work or energy.

1 kWh = 1000W x 3600s = 3.6 x 10%]
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Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.

Average POWer T[] R.A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
[TI[] J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
Saturday, 30 January, 2021 15:15 [T[] H.D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.

[T | H. A.Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

The loaded cab of an elevator has a mass of 3 X 10 kg and moves 210 m up the shaft in 23 s at constant speed. At what

average rate does the force from the cable do work on the cab?
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Inst ant aneous pOWer [T ] R.A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
[T[] J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
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[J] H.A.Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

The figure shows constant forces ﬁl and 132 acting on a box as the box slides rightward across a frictionless floor.
Force ﬁ'l is horizontal, with magnitude 2 N; force ﬁz is angled upward by 60° to the floor and has magnitude 4 N.
The speed of the box at a certain instant is 3 m/s.

o What is the power due to each force acting on the box at that instant, and

o What is the net power?

Negative power. Positive power.
(This force is = (This force is
removing energy.) supplying energy.)

Frictionless ‘\

Solution
We want an instantaneous power, not an average power, over a time period. Also, we know the box’s velocity

(rather than the work done on it).

We use P = Fv cos Bfor each force. For forccﬁl , at angle 8; = 180° to velocity v, we have:
P; = Fivcos 8; = (2.0N)(3.0m/s) cos 180° = —6.0W
This negative result tells us that forceﬁl is transferring energy from the box at the rate of 6.0 J/s.

For forceﬁz, at angle 6, = 60° to velocity ¥, we have:
P, = F,vcos 8, = (4.0N)(3.0m/s) cos 6 0° = 6.0W
This positive result tells us that forceﬁz is transferring energy to the box at the rate of 6.0 J/s.

The net power is the sum of the individual powers:
Ppet = P1 + P, = —6.0W +6.0W =0

This tells us that the net rate of transfer of energy to or from the box is zero. Thus, the kinetic energy(K = %mvz) of

the box is not changing, and so the speed of the box will remain at 3.0 m/s.
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At a certain instant, a particle-like object is acted on by a force F= (4i —-2j+ 912) N while the object’s velocity is

¥ = (—2i+4k) m/s . What is the instantaneous rate at which the force does work on the object?

P=F-9=(40—2]+9k)- (=21 + 4k)

P=(4X=-2)+(-2x0)+(9x%x4)=28w
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