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One p os s ib l e  r e s u l t  o f  work  ac t i ng  as  an  in f lu ence  on  a  s y s t em i s  

that  the  s y s t em change s  i t s  sp e ed .

The  s y s t em cou ld  p os s e s s  k ine t i c  en ergy.

A change  in  k i net i c  ene rgy  i s  one  p os s i b l e  r e su l t  o f  d o i ng  work  

to  t ran s f e r  ene rgy  into  a  sy s t em.
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Work - Kinetic Energy Theorem

Work - Kinetic Energy Theorem
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Calculating the work:

𝑊௘௫௧ = න ෍ 𝐹
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Kinetic Energy: the energy of a particle due to its motion.

𝐾 =
1

2
𝑚𝑣ଶ

•m is the mass of the particle (kg)

•v is the speed of the particle (m/s)

•K is the kinetic energy

•A scalar quantity: always positive.

•SI units (Joule)

•1 𝑘𝑔. 𝑚ଶ 𝑠ଶ⁄ = 1 𝐽
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Work - Kinetic Energy Theorem
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The 𝑊 − ∆𝐾 theorem states that:

�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.�

𝑊௘௫௧ =
1

2
 𝑚 𝑣௙
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 𝑚 𝑣௜
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𝑊௘௫௧ = 𝐾௙ − 𝐾௜

𝑊௘௫௧ = ∆𝐾
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Work-Kinetic Energy Theorem
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o The speed of the system increases if the work done on it is positive.

o The speed of the system decreases if the net work is negative.

o Also valid for changes in rotational speed

o The work-kinetic energy theorem is not valid if other changes (besides its speed) 

occur in the system or if there are other interactions with the environment 

besides work.

o The work-kinetic energy theorem applies to the speed of the system, not its 

velocity.
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The Figure shows two industrial spies sliding an initially stationary 225 kg floor safe a 
displacement of magnitude 8.5 m, straight  toward their truck. The push 𝐹⃗ଵ of spy 001 is 
12 N, directed at an angle of 30° downward from the horizontal; the pull 𝐹⃗ଶ of spy 002 is 
10 N, directed at 40° above the horizontal. The magnitudes and directions of these forces 
do not change as the safe moves, and the floor and safe make frictionless contact.

What is the work done on the safe by applied force 𝐹⃗ଵ?○

What is the work done on the safe by applied force 𝐹⃗ଶ?○

What is the work done on the safe by the normal force?○

What is the work done on the safe by the gravitational force?○

What is the net work done on the safe?○

The safe is initially stationary. What is its speed at the end of the 8.50 m 
displacement?

○

Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 
9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th 
ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern 
Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists and 
Engineers, 1st ed., SPRINGER, 2013.

Solution
Because the forces are constant in both magnitude and direction, and we know the magnitudes and directions of the forces, 
we can use 𝑤 = 𝐹𝑑 𝑐𝑜𝑠 𝜃.

The work done by𝐹⃗ଵ is:
𝑤ଵ = 𝐹ଵ𝑑 𝑐𝑜𝑠 𝜃ଵ = (12.0𝑁)(8.50𝑚)(𝑐𝑜𝑠 3 0.0°) = 88.33𝐽

and the work done by 𝐹⃗ଶ is:
𝑤ଶ = 𝐹ଶ𝑑 𝑐𝑜𝑠 𝜃ଶ = (10.0𝑁)(8.50𝑚)(𝑐𝑜𝑠 4 0.0°) = 65.11𝐽

Thus, the net work W  done on the safe by the two forces is the sum of the works they do individually:
𝑊 = 𝑊ଵ + 𝑊ଶ = 88.33𝐽 + 65.11𝐽 = 153.4𝐽

During the 8.50 m displacement, therefore, the spies transfer 153 J of energy to the kinetic energy of the safe.

Solution
𝑊௚ = 𝑚𝑔𝑑 𝑐𝑜𝑠 9 0° = 𝑚𝑔𝑑(0) = 0

𝑊ே = 𝐹ே𝑑 𝑐𝑜𝑠 9 0° = 𝐹ே𝑑(0) = 0

We should have known this result. Because these forces are perpendicular to the displacement of the safe, they do zero 
work on the safe and do not transfer any energy to or from it.

Solution
The speed of the safe changes because its kinetic energy is changed when energy is transferred to it by 𝐹⃗ଵ and 𝐹⃗ଶ. We relate 
the speed to the work done by 𝑊 = 𝛥𝐾.

𝑊 = 𝐾௙ − 𝐾௜ =
1

2
𝑚𝑣௙

ଶ −
1

2
𝑚𝑣௜

ଶ

Work done by two constant forces, industrial spies
Saturday, 30 January, 2021 15:10
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𝑊 = 𝐾௙ − 𝐾௜ =
1

2
⎯⎯𝑚𝑣௙

ଶ −
1

2
⎯⎯𝑚𝑣௜

ଶ

The initial speed 𝑣௜is zero, and we now know that the work done is 153.4 J. Solving for 𝑣௙and then substituting known 
data, we find that

𝑣௙ = ඨ
2𝑊

𝑚
⎯⎯⎯

⎯⎯⎯
 

= ඨ
2(153.4𝐽)

225𝑘𝑔
⎯⎯⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯⎯
 

= 1.17𝑚/𝑠
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During a storm, a crate is sliding across a slick, oily parking lot through a displacement ∆𝑟 = (−3𝚤̂) 𝑚 while a steady 
wind pushes against the crate with a force 𝐹⃗ = (2𝚤̂ − 6𝚥̂) 𝑁 . If the crate has a kinetic energy of 10 J at the beginning of 
displacement , what is its kinetic energy at the end?

Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and 
Engineers, 9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 
10th ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern 
Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists 
and Engineers, 1st ed., SPRINGER, 2013.

Solution
Because the wind force is constant (�steady�) in both magnitude and direction during the displacement, and we know 
𝐹⃗ and 𝑑 in unit-vector notation, we can use 𝑤 = 𝐹⃗ ⋅ 𝑑.

𝑊 = 𝐹⃗ ⋅ 𝑑 = [(2.0𝑁)𝚤̂ + (−6.0𝑁)𝚥̂] ⋅ [(−3.0𝑚)𝚤̂]
𝑊 = (2.0𝑁)(−3.0𝑚)𝚤̂ ⋅ 𝚤̂ + (−6.0𝑁)(−3.0𝑚)𝚥̂ ⋅ 𝚤̂
     = (−6.0𝐽)(1) + 0 = −6.0𝐽

Thus, the force does a negative 6.0 J of work on the crate, transferring 6.0 J of energy from the kinetic energy of the 
crate.

Using the work�kinetic energy theorem:
𝐾௙ = 𝐾௜ + 𝑊 = 10𝐽 + (−6.0𝐽) = 4.0𝐽

Less kinetic energy means that the crate has been slowed.

Work done by a constant force in unit-vector notation
Saturday, 30 January, 2021 15:09
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A 6 𝑘𝑔 block initially at rest is pulled to the right along a frictionless, horizontal surface by a constant horizontal force of 
12 𝑁. Find the block�s speed after it has moved 3 𝑚.

Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

Solution
The net external force acting on the block is the horizontal 12-N force. Use the work�kinetic energy theorem for the block, 
noting that its initial kinetic energy is zero:

𝑊௘௫௧ = 𝐾௙ − 𝐾௜ =
1

2
⎯⎯𝑚𝑣௙

ଶ − 0 =
1

2
⎯⎯𝑚𝑣௙

ଶ

Solve for 𝑣௙and use  𝑊௘௫௧ = 𝐹𝛥𝑥 for the work done on the block by𝐹⃗:

𝑣௙ = ඨ
2𝑊௘௫௧

𝑚
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
 

= ඨ
2𝐹𝛥𝑥

𝑚
⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯
 

Substitute numerical values:

𝑣௙ = ඨ
2 12N 3.0m

6.0𝑘𝑔
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
 

= 3.5𝑚/𝑠

Suppose the magnitude of the force in this example is doubled to 𝐹ᇱ = 2𝐹. The (6 kg) block accelerates to (3.5 m/s) due to 
this applied force while moving through a displacement𝛥𝑥ᇱ

. How does the displacement 𝛥𝑥ᇱcompare with the original 
displacement𝛥𝑥?
In both cases, the block experiences the same change in kinetic energy𝛥𝐾.
𝑊௘௫௧ = 𝐹ᇱ𝛥𝑥ᇱ = 𝛥𝐾 = 𝐹𝛥𝑥

𝛥𝑥ᇱ =
𝐹

𝐹ᇱ
⎯⎯𝛥𝑥 =

𝐹

2𝐹
⎯⎯⎯𝛥𝑥 =

1

2
⎯⎯𝛥𝑥

Work done by two constant force
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