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1. NONISOLATED SYSTEM – OTHER 
ENERGY TRANSFER

Energy transfer that we commonly use in the study:
Kinetic Energy: 
Potential Energy: 
Internal Energy: 𝒊𝒏𝒕

Note that work can be taken as the transfer media for different type of energy.

Other ways of energy transfer, like work, across the system boundary:
• Mechanical Waves: ଵ

ଶ
ଶ ଶ , 𝜇: mass per unit length, 𝜔: 

angular velocity, 𝐴: amplitude, 𝑣: speed of the wave

• Heat: , Thermal Energy: ஻ , ஻
ିଶଷ (J/K)

• Matter Transfer
• Electrical Transmission – Electric Currents: 

• Electromagnetic Radiation: , ିଷସ (J s)
• Chemical Energy: battery

• Nuclear Energy: ଶ, ଼ (m/s)



1. NONISOLATED SYSTEM – OTHER 
ENERGY TRANSFER

𝐸 = ℎ𝑓 = ℎ
𝑐

𝜆
= 6.626 × 10ିଷସ ×

3 × 10଼

400 × 10ିଽ
= 4.97 × 10ିଵଽ(𝐽) = 3.10 (𝑒𝑉)

𝜆 = 400 × 10ିଽ (m)

𝐸 = 𝑘஻𝑇 = 1.38 × 10ିଶଷ × 300 = 4.14 × 10ିଶଵ 𝐽 = 25.8 (𝑚𝑒𝑉)

1875.613 + 2808.410 − 3727.379 − 939.565
≅ 17.1 MeV

rest mass energy: 𝐸 = 𝑚𝑐ଶ

Example: The wavelength of visible light is between 400 and 700 nm. Please calculate 
the photon energy of light with a wavelength of 400 nm.

Example: Please calculate the thermal energy at 300 K.

Example: A typical nuclear fusion reaction is written 2H + 3H 4He + n.  How much 
energy is released in this fusion reaction? Particle Symbol Rest Energy (MeV)

Neutron n 939.565
Deuteron d 1875.613
Triton t 2808.410
Helium-4 4He 3727.379



1. NONISOLATED SYSTEM – OTHER 
ENERGY TRANSFER

Energy is one of several quantities in physics that are conserved. There are 
many physical quantities that do not have conservation feature.

Here we call the system energy ௦௬௦௧௘௠ is the total energy of the kinetic , the 
potential , and the internal ௜௡௧௘௥௡௔௟ energy.
The change of system energy is expressed as: ∆𝐸௦௬௦௧௘௠

Other ways of energy transfer, such as mechanical waves or heat, are 
expressed as ௜. The symbol means transfer.

The principle of conservation of energy is described by the conservation of 
energy equation as:

∆𝐸௦௬௦௧௘௠ = ෍ 𝑇௜

ே

௜ୀଵ

The full expansion is: ∆𝐾 + ∆𝑈 + ∆𝐸௜௡௧ = 𝑊 + 𝑄 + 𝑇ெௐ + 𝑇ெ் + 𝑇ா் + 𝑇ாோ



𝑟

2. ISOLATED SYSTEM
The work done by the gravitational force:

𝐹⃗ = −
𝐺𝑀𝑚

𝑟ଶ
𝑟̂ 𝑈 = − න −

𝐺𝑀𝑚

𝑟ଶ
𝑑𝑟

௥೑

௥೔

= −
𝐺𝑀𝑚

𝑟
௥೔

௥೑

𝑈௙ − 𝑈௜ = ∆𝑈 = −∆𝑊 = −∆𝐾 = 𝐾௜ − 𝐾௙

𝑈௜ + 𝐾௜ = 𝑈௙ + 𝐾௙

Here we define the mechanical enegy of ௠௘௖௛

The conservation of the mechanical energy is given as

−
𝐺𝑀𝑚

𝑟௜
+

𝑚𝑣௜
ଶ

2
= −

𝐺𝑀𝑚

𝑟௙
+

𝑚𝑣௙
ଶ

2

The principle of conservation of mechanical energy is: 
௠௘௖௛



𝑧

2. ISOLATED SYSTEM
The work done by the gravitational force near the Earth 
surface:

𝐹⃗ = −𝑚𝑔𝑘෠ 𝑈 = − න −𝑚𝑔𝑑𝑧
௭೑

௭೔

= 𝑚𝑔𝑧 ௭೔

௭೑

𝑚𝑔𝑧௜ +
𝑚𝑣௜

ଶ

2
= 𝑚𝑔𝑧௙ +

𝑚𝑣௙
ଶ

2

The work done by the spring:

𝐹⃗ = −𝑘𝑥𝑥ො 𝑈 = − න −𝑘𝑥𝑑𝑥
௫೑

௫೔

=
𝑘𝑥ଶ

2
௫೔

௫೑

𝑘𝑥௜
ଶ

2
+

𝑚𝑣௜
ଶ

2
=

𝑘𝑥௙
ଶ

2
+

𝑚𝑣௙
ଶ

2



2. ISOLATED SYSTEM

𝑈௜ + 𝐾௜ = 𝑈௙ + 𝐾௙

𝑚𝑔 × 2.0 + 0 = 0 +
𝑚𝑣௙

ଶ

2

𝑣௙ = 2 × 2.0 × 9.8 = 6.26 (𝑚/𝑠)

Example: A child of mass m is released from rest at the top of a slide, at height h =2.0 
m above the bottom of the slide. Assuming that the slide is frictionless, find the child's 
speed at the bottom of the slide. 

https://giphy.com/gifs/boom-bsr8y78w5eBoY



2. ISOLATED SYSTEM

𝑈௜ + 𝐾௜ = 𝑈௙ + 𝐾௙

𝑚𝑔𝐻 + 0 = 𝑚𝑔𝑦 +
𝑚𝑣ଶ

2

𝑣 = 2𝑔 𝐻 − 𝑦

Example: A cat of mass m is released from a height of H. Please calculate its speed, 
when it is at a height of y.

https://giphy.com/gifs/QhaDJN80P3YqI

𝐻
𝑦 𝑣

https://www.colourbox.com/vector/cat-cartoon-vector-9840641



2. ISOLATED SYSTEM

𝑚ଵ 𝑚ଶ

𝜃𝐿

Let zero potential energy at the height where m1 is at the bottom.

𝑚𝑔𝐿 1 − cos 𝜃 + 0 = 0 +
𝑚𝑣ଶ

2

𝑣 = 2𝑔𝐿 1 − cos 𝜃

At the lowest position, the centripetal force and gravitation 
of m1 need to be larger than the gravitation of m2.

𝑚ଵ𝑔 + 𝑚ଵ

𝑣ଶ

𝐿
≥ 𝑚ଶ𝑔 𝑚ଵ𝑔 + 2𝑚ଵ𝑔 1 − cos 𝜃 ≥ 𝑚ଶ𝑔

cos 𝜃 ≤
3𝑚ଵ − 𝑚ଶ

2𝑚ଵ
𝜃 ≥ cosିଵ

3𝑚ଵ − 𝑚ଶ

2𝑚ଵ
=

𝜋

3

Example: Two blocks are connected by a massless cord that passes over two 
frictionless pulleys.  One end of the cord is attached to an object of mass m1=3.00 kg 
that is a distance L=1.20 m from the pulley on the left.  The other end of the cord is 
connected to a block of mass m2=6.00 kg resting on a table.  From what angle must the 
3.00 kg mass be released in order to just lift the 6.00 kg block off the table?



2. ISOLATED SYSTEM

3.50 𝑅

𝑅

𝐴

(a) Let zero energy of potential on the ground level.

𝑚𝑔 2𝑅 +
𝑚𝑣ଶ

2
= 𝑚𝑔 3.5𝑅 + 0 𝑣 = 3𝑔𝑅

(b) The centripetal force is the total 
force of the normal force and the 
gravitational force.

𝑚𝑔 + 𝑁 = 𝑚
𝑣ଶ

𝑅

𝑁 = 2𝑚𝑔 = 2 × 0.00500 × 9.8 = 0.098 (N)

Example: A bead slides without friction around a loop-the-loop.  The bead is released 
from a height h = 3.50 R.  (a) What is its speed at point A?  (b) How large is the normal 
force on it if its mass is 5.00 g? 



2. ISOLATED SYSTEM

Let the zero potential energy at O.

𝜃
𝐿

𝑚

𝑂

0 − 𝑚𝑔𝐿 cos 𝜃 =
𝑚𝑣ଶ

2
− 𝑚𝑔𝐿

𝑣 = 2𝑔𝐿 1 − cos 𝜃

𝜃𝐿

𝑚

𝑈 𝐾

𝐿

𝑚

𝑈 𝐾

𝐿

𝑚

𝑈 𝐾

Example: A pendulum is assembled by a sphere of mass m and a string of length L. It is 
released at an angle to the vertical. Please calculate its maximum speed.

https://giphy.com/gifs/cheezburger-cat-th-DP5bFAwGYLQha
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3. ENERGY CONCEPT FOR NON-
CONSERVATIVE FORCES - KINETIC FRICTION
Without Kinetic Friction

𝑊௜ = න 𝐹⃗௜ ȉ 𝑑𝑟 ෍ 𝑊௜ = න ෍ 𝐹⃗௜ ȉ 𝑑𝑟 = න 𝐹⃗௡௘௧ ȉ 𝑑𝑟 = ∆𝐾

Put The Kinetic Friction into The System. The kinetic energy is lower

෍ 𝑊௜ + න 𝑓௞ ȉ 𝑑𝑟 = න ෍ 𝐹⃗௜ ȉ 𝑑𝑟 + න 𝑓௞ ȉ 𝑑𝑟 = න 𝐹⃗௡௘௧ ȉ 𝑑𝑟 = ∆𝐾

Clarify the work done by kinetic friction, since ௞ is always opposite to the 
displacement , after working for a distance , ௞ ௞

෍ 𝑊௜ − 𝑓௞𝑑 = ∆𝐾



3. ENERGY CONCEPT FOR NON-
CONSERVATIVE FORCES - KINETIC FRICTION

Put the potential energy into the mechanical energy

∆𝐸௠௘௖௛ = ∆𝑈 + ∆𝐾 = −𝑓௞𝑑 = −∆𝐸௜௡௧

If no other work or energy transfer exists, the conservation of energy is

∆𝑈 + ∆𝐾 + 𝑓௞𝑑 = 0

∆𝑈 + ∆𝐾 + ∆𝐸௜௡௧ = 0

෍ 𝑊௜ − 𝑓௞𝑑 = ∆𝐾

When no other work is done on the system, ௜ , ௞

The kinetic energy is transferred to the friction and the frictional force do work 
to increase heat and atomic vibration at the interface ௞ ௜௡௧.



3. ENERGY CONCEPT FOR NON-
CONSERVATIVE FORCES - KINETIC FRICTION

∆𝑈 + ∆𝐾 + 𝑓௞𝑑 = 0, ∆𝑈 = 0

𝑚𝑣ଶ

2
+ 0 = 0 + 𝑓௞𝑑 𝑓௞ =

𝑚𝑣ଶ

2𝑑

When the initial speed is doubled and the frictional force remains the same, the final distance d’ is:

𝑣ᇱ = 2𝑣,
𝑚 2𝑣 ଶ

2
+ 0 = 0 + 𝑓௞𝑑′

𝑑ᇱ =
1

𝑓௞
2𝑚𝑣ଶ =

2𝑑

𝑚𝑣ଶ
2𝑚𝑣ଶ = 4𝑑

Example: A car traveling at a speed slides a distance to a complete stop after the driver 
brakes.  If the car’s initial speed is doubled to , please estimate the distance it slides.



3. ENERGY CONCEPT FOR NON-
CONSERVATIVE FORCES - KINETIC FRICTION

∆𝑈 + ∆𝐾 + 𝑓௞𝑑 = 0

𝑘𝑑ଶ

2
+ 0 + 0 = 0 +

𝑚𝑣ଶ

2
+ 𝑓௞𝑑

𝑣 =
2

𝑚

𝑘𝑑ଶ

2
− 𝑓௞𝑑 =

2

1.60

1.00 × 10ଷ × 0.02 ଶ

2
− 4 × 0.02

𝑣 = 0.387 (𝑚/𝑠)

Example: A block of mass m=1.60 kg is attached to a horizontal spring that has a force 
constant of k=1.00 X 103 N/m.  The spring is compressed d=2.00 cm and it is then released 
from rest.  Calculate the speed of the block as it passes through the equilibrium position if a 
constant friction force of fk=4.00 N retards its motion from the moment it is released.



3. ENERGY CONCEPT FOR NON-
CONSERVATIVE FORCES - KINETIC FRICTION

𝑚ଵ𝑚ଵ

𝑚ଶ𝑚ଶ

∆𝑈ଵ + ∆𝑈ଶ + 𝑓௞𝑑 = 0

0 + 𝑚ଶ𝑔ℎ + 0 =
𝑘ℎଶ

2
+ 0 + 𝑓௞ℎ 𝑓௞ = 𝑚ଵ𝑔𝜇௞

𝜇௞ =
𝑚ଶ𝑔ℎ −

𝑘ℎଶ

2
𝑚ଵ𝑔ℎ

Example: Two blocks are connected by a light cord.  The block of mass m1 is connected to a 
spring of force constant k.  The system is released from rest when the spring is unstreched.  If 
the block of mass m2 falls a distance of h before coming to rest, calculate the coefficient of 
kinetic friction between the block of mass m1 and the table surface.



3. ENERGY CONCEPT FOR NON-
CONSERVATIVE FORCES - KINETIC FRICTION

∆𝑈 + ∆𝐾 + 𝑓௞𝑑 = 0

0 +
𝑚𝑣ଶ

2
+ 0 =

𝑘𝑑ଶ

2
+ 0 + 𝑓௞𝑑

2.0 × 4.0 ଶ

2
=

10000𝑑ଶ

2
+ 15𝑑

5000𝑑ଶ + 15𝑑 − 16 = 0, 𝑑 ≅ 0.056 (m)

Example: A 2.0 kg block slides along a floor with speed ଵ m/s. It then runs into and 
compresses a spring, until the block momentarily stops. Its path to the initially relaxed spring 
is frictionless, but as it compresses the spring, a kinetic frictional force of magnitude 15 N 
acts on it. The spring constant is 10,000 N/m. By what distance d is the spring compressed 
when the package stops?



4. ENERGY QUANTIZATION
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4. ENERGY QUANTIZATION

௡

https://en.wikipedia.org/wiki/Quantum_harmonic_oscillator

௡



5. POWER
Average Power:                                           , : work𝑃௔௩௚ =

∆𝑊

∆𝑡

Instantaneous Power: 𝑃 = lim
௧→଴

∆𝑊

∆𝑡
=

𝑑𝑊

𝑑𝑡

Related to force and velocity: 𝑃 =
𝑑𝑊

𝑑𝑡
=

𝐹⃗ ȉ 𝑑𝑟

𝑑𝑡
= 𝐹⃗ ȉ

𝑑𝑟

𝑑𝑡
= 𝐹⃗ ȉ 𝑣⃗

The unit of power: 1 W = 1 J / s = 1 kg m2 / s3

One horsepower (hp) is 746 W. Typically, the engine power of a sedan 
is about 150 hp (112 kW). The other important spec is engine torque.

The unit used for electric power plant or for the electric bill is
kilowatt-hour = 1000 W X 1 h = 1000 W X 3600 s = 3.6 X 106 J

The kW-h is an unit of enrgy, not power.

https://giphy.com/gifs/one-just-horsepower-ECcdNDHImuJBC



5. POWER

ten percent grade (slope, incline): tan 𝜃 = 10% = 0.1, 𝜃 ≅ 5.71଴

the sliding force of the car on the grade is 𝑚𝑔 sin 𝜃 =
1000 × 9.8 × sin 5.71௢ = 975 N 

the power to push the car is 𝑃 = 𝐹𝑣 = 975𝑁 × 100
௞௠

௛

𝑃 = 975 ×
ଵ଴଴

ଷ.଺
= 27.1 𝑘𝑊

It is only 15% of the engine power so the engine power is
𝑃௘௡௚ =

ଶ଻.ଵ

଴.ଵହ
= 181 kW

Example: A 1000-kg, gasoline-powered car is running at a constant speed of 100 km/h up a 
10-percent grade.  (a) If the efficiency of the car engine is 15%, what is the rate at which the 
chemical energy of the car engine changes?
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