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Energy and 

energy transfer
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Energy and energy transfer

§ The scalar product of two vectors.

§ Work done by a constant force.

§ Kinetic energy.

§ The Work-Kinetic Energy Theorem.

§ Power.
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Energy and energy transfer

Forms of energy:
* Mechanical (focus for now)
*Chemical
* Electromagnetic
* Nuclear
Energy can be transformed from one form to another

Work Done by a Constant Force:

Work W is energy transferred to or from an object by means of a force

acting on the object.

• Energy transferred to the object is positive work,

• Energy transferred from the object is negative work.

# A force that results in no displacement does no work

# A displacement that results with no applied force has had no

work done (orbital motion, for example)
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Work Done by a Constant Force:

The work 𝑊 done on a system by an agent exerting a constant force
on the system is the product of the magnitude 𝐹 of the force, the
magnitude ∆𝑟 of the displacement of the point of application of the
force, and cos 𝜃 , where 𝜃 is the angle between the force and
displacement vectors:

𝑊 = Ԧ𝐹 ∙ ∆Ԧ𝑟 = 𝐹∆𝑟𝑐𝑜𝑠𝜃
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Work Done by a Constant Force:

The units of work are those of force multiplied
by those of length. Therefore, the SI unit of
work is the newton∙meter

(J = 𝑁 ∙ 𝑚 = 𝑘𝑔 ⋅ 𝑚2/𝑠2)
This combination of units is used so frequently
that it has been given a name of its own, the
joule (𝐽).
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Work Done by a Constant Force:
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• Work is a scalar quantity!!!! (Not a vector)

Work Done by a Constant Force:
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• Work can be positive or negative

• Positive if the force and the displacement are in the same 

direction.

• Negative if the force and the displacement are in the 

opposite direction.
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Work Done by a Constant Force:
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• Man does positive work lifting box

• Man does negative work lowering box

• Gravity does positive work when box lowers

• Gravity does negative work when box is raised

Work Done by a Constant Force:
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Quiz: A force is applied to an object. In all four cases, the force has the same magnitude, and 

the displacement of the object is to the right and of the same magnitude. 

Rank the work done by the force on the object, from most positive to most negative.
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Example
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• A crane lifts a steel beam with a mass of 1,500 kg.  Calculate how much

work is done against gravity if the beam is lifted 50 meters in the air.

Example 2: Slide block down incline

Example

phys 101سجى القصير. أ جامعة الامام محمد بن سعود الإسلامية



11/5/2017

7

The Scalar Product of Two Vectors
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Example
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Example
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Example
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The weight lifter is bench-pressing a barbell whose weight is 710N. In part 

(b) of the figure, he raises the barbell a distance of 0.65m above his chest, 

and in part (c) he lowers it the same distance.

The weight is raised and lowered at a constant velocity. Determine the work 

done on the barbell by the weight lifter during (a) lifting phase and (b) the 

lowering phase.
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Work Done by a Varying Force

Using Newton’s second law, we substitute for the magnitude of the

net force σ𝐹 =𝑚𝑎 and then perform the following chain-rule

manipulations on the integrand:

෍𝑊 = න
𝑥𝑖

𝑥𝑓

𝑚𝑎 𝑑𝑥 = න
𝑥𝑖

𝑥𝑓

𝑚
𝑑𝑣

𝑑𝑡
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𝑥𝑖

𝑥𝑓

𝑚
𝑑𝑣

𝑑𝑥

𝑑𝑥

𝑑𝑡
𝑑𝑥
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𝑣𝑖

𝑣𝑓
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1

2
𝑚𝑣𝑓

2 −
1

2
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2

where 𝑣𝑖 is the speed of the block at 𝑥 = 𝑥𝑖 and 𝑣𝑓 is its speed at

𝑥𝑓.

7.5 Kinetic Energy and the Work–Kinetic

Energy Theorem:
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the kinetic energy 𝐾 of a particle of mass 𝑚 moving with a speed 𝑣 is 

defined as:

𝐾 ≡
1

2
𝑚𝑣2

• Kinetic energy is a scalar quantity

• Kinetic energy has the same units as work.

• 𝐾 is always positive .

෍𝑊 = 𝐾𝑓 − 𝐾𝑖 = ∆𝐾 2

Equation (2) is an important result known as the work–kinetic energy

theorem: When work is done on a system and the only change in the system

is in its speed, the net work done on the system equals the change in kinetic

energy of the system.
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7.5 Kinetic Energy and the Work–Kinetic

Energy Theorem:
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• The speed of a system increases if the net work done on it

is positive because the final kinetic energy is greater than

the initial kinetic energy.

• The speed decreases if the net work is negative because the

final kinetic energy is less than the initial kinetic energy.

7.5 Kinetic Energy and the Work–Kinetic

Energy Theorem:
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