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Introduction to Power

Power is a fundamental concept in physics that measures how quickly work is done or
energy is transferred. Understanding power is essential for solving problems related to
machines, engines, and energy efficiency in both mechanical and electrical systems.

Definition: Power is defined as the rate at which work is done or the rate at which energy is
transferred or transformed.

Conceptual Understanding: What Power Really Means

Power is one of the most intuitive but misunderstood ideas in mechanics. Students often
think of it as "energy" or "force," but it is neither. Power tells us something different —how
fast energy is being transferred or how rapidly workis being done.

1. What Power Actually Means

Whenever an object moves because a force is acting on it, work is being done. Whenever
work is done, energy changes — either kinetic energy or potential energy (or both).

But the real question is: How quickly does this change happen?

Two people may lift the same weight by the same height (same work, same increase in
potential energy), but one might do it slowly and the other very fast. Even though they do
equal work, one does it in less time and therefore produces more power.

Key Insight: Power is not about how much energy changes —but how rapidly it changes.

2. Link Between Power and Work

Work is the transfer of energy by force acting through a displacement. Power tells us: At
what rate is thiswork being done?

* Amachine that completes a task quickly is said to have high power
* Amachine that struggles or takes time has low power

So power is about the speed of doing work, not the amount of work itself.



3. Link Between Power and Kinetic Energy

When an object speeds up, its kinetic energy increases. But two objects may reach the same
speed in very different ways:

* One accelerates quickly (high power input)
* Another accelerates slowly (low power input)

Both end with the same kinetic energy, but the more powerful system delivers that energy
faster

Key Understanding: Power measures how quickly motion (and therefore kinetic energy) is
changing.

Example: A vehicle engine with high power can increase the car's speed rapidly because it
supplies energy at a fast rate. Alow-power engine reaches the same speed slowly because it
supplies energy at a slow rate.

This is why power is more important than "energy" when describing performance — it
tells you how fast a system can change its kinetic state.

4. Link Between Power and Potential Energy
When something gains height:

» Its potential energy increases
* The amount of increase depends only on weight and height
* But power tells us how fast this heightis gained

Example: Two cranes lift the same load to the same height. Both give the same increase in
gravitational potential energy. But the crane that raises the load faster is more powerful.

Thus, in vertical lifting: Power measures how fast potential energy is being added to the
system.

Even if the total work done is the same, the time scale decides the power.

5. Power as "The Speed of Energy Transformation"

Any form of energy change — whether motion (kinetic), height (potential), or
compression/stretching (elastic potential) —involves energy being transferred or
transformed.

Power tells us how rapid this transformation is.

» Apowerful athlete converts chemical energy in muscles into mechanical energy
quickly

* Apowerful motor converts electrical energy into mechanical rotation quickly

» Apowerful waterfall converts potential energy of water into kinetic or electrical
energy quickly

So power is essentially a measure of the rate of energy flow in a system.



6. Why Power is the MOST Practical Quantity in Real Life

Energy tells us what can be done. Power tells us how fast it can be done.
Examples:

* A mobile battery holds energy, but the charger determines power; i.e., how fast the
battery fills

* Agym athlete may lift 50 kg (work), but the real indicator of strength is how quickly
they can repeat the lift

* Acarengine's horsepower represents how fast it can deliver energy to increase speed
or climb a slope

Thus, power determines performance, not energy.

7. Summary of Conceptual Relationships

v Power & Work
Power is the rate at which work is done.

v Power & Kinetic Energy
Power governs how fast a force can increase or decrease the object's kinetic energy.

v Power & Potential Energy
Power governs how quickly potential energy is added or removed (like lifting or lowering
an object).

v Power & Energy as a Whole
Power is the speed at which any form of energy transfers in or out of a system.

Theory and Concepts

1. Average Power
Average power is the total work done divided by the total time taken to do that work.
Formula:
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Where:

e P, =Average power (measured in Watts)
o W =Total work done (measured in Joules)
e t=Total time taken (measured in seconds)

Meaning: This formula tells us how much work is done per unit time on average.If a
machine does 1000 J of work in 10 seconds, its average power is 100 W.



2. Instantaneous Power

Instantaneous power is the power at any specific instant of time. It represents the rate of
doing work at that particular moment.

Formula:

aw -
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Where:

P, =Instantaneous power
dW /dt = Rate of change of work with time

F' =Force vector
¥ = Velocity vector

In scalar form:
P = Fvcosf
Where:
¢ @ =Angle between force and velocity vectors

Meaning: This formula shows that power depends on both the force applied and the
velocity at which the object moves. Maximum power is delivered when force and velocity
are in the same direction (§ = 0°).

3. Relationship Between Power and Energy
Since work done equals change in energy:

dE
P=—
dt

Meaning: Power represents the rate of energy transfer or transformation.

4. Units and Dimensions
SIUnit: Watt (W)

e 1Watt=1]Joule/second =1]/s
Other Common Units:

¢ Kilowatt (kW): 1 kW =1000 W
o Megawatt (MW): 1MW =10% W
e Horsepower (hp): 1hp =746 W

Commercial Unit:

e Kilowatt-hour (kWh): Energy consumed when 1 kW power is used for 1 hour
e 1kWh=1000W x36005s=3.6x10°]

Dimensional Formula: [P] = [ML?T 3]



5. Nature of Power

Power is a scalar quantity because it is obtained by dividing work (scalar) by time (scalar).
However, it can be calculated using the dot product of force (vector) and velocity (vector),
which yields a scalar result.

Key Formulas Summary

Formula Expression Application
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Table 1: Summary of Power Formulas

Important Concepts

Power and Velocity Relationship

When a constant force F' acts on a body:

e Ifvelocity increases uniformly, power increases linearly with velocity
e Maximum power is delivered when force and velocity are parallel

Power in Vertical Motion

For an object moving vertically upward against gravity:
P = (mg + Fuppiiea)v

For an object moving vertically downward:

P = (Fapplied - mg)v



Sign Convention: Positive, Negative, and Zero Power

Power can be positive, negative, or zero depending on the direction of force relative to
velocity and the nature of energy transfer

Positive Power

Definition: Power is positive when work is done on the system, meaning energy is being
supplied to or transferred into the system.

Condition: Force and velocity are in the same direction or make an acute angle (
0° <6<90°).

Mathematical Condition: cos @ > 0,s0 P = Fvcosf > 0
Physical Meaning: The system is gaining energy (either kinetic or potential).
Examples:

* Acarengine accelerating the car forward — engine supplies energy to increase
kinetic energy

* An elevator motor lifting a load upward — motor does positive work against gravity

» Pushing a box forward on the floor —force and displacement are in the same
direction

* Charging a battery — electrical energy is being supplied to the battery

Negative Power

Definition: Power is negative when work is done by the system, meaning energy is being
extracted from or removed from the system.

Condition: Force and velocity are in opposite directions or make an obtuse angle (
90° < 0 <180°).

Mathematical Condition: cos @ < 0,s0 P = Fvcos0 < 0

Physical Meaning: The system is losing energy. This often occurs with resistive or opposing
forces.

Examples:

* Amoving car with brakes applied — friction opposes motion, extracting kinetic
energy

» Airresistance on a falling object — drag force opposes velocity, removing energy

* Lowering a load with a motor while controlling speed — motor absorbs energy from
the descending load

* Aball thrown upward slowing down — gravity opposes velocity, reducing kinetic
energy

Important Note: Negative power indicates energy dissipation or transfer out of the system.
In friction, this energy is converted to heat.



Zero Power Conditions

Power is zero when no energy transfer occurs at that instant.
Conditions when power is zero:

* No workis done (W = 0)

« Force is perpendicular to velocity (9 = 90°, cos 90° = 0)
+ Velocity is zero (v = (0) — object is momentarily at rest

* Force is zero (F' = 0) —no force acting on the object

Examples:

* Uniform circular motion — centripetal force is always perpendicular to velocity

* Asatellite in circular orbit — gravitational force is perpendicular to orbital velocity
» A weightlifter holding a barbell stationary — force is applied but velocity is zero

* Abookresting on a table—normal force acts but there's no motion

At the highest point of projectile motion — velocity becomes zero momentarily

Key Understanding: Zero power doesn't mean no force exists; it means no energy is being
transferred at that instant.
Efficiency and Power

Efficiency relates input and output power:

output

P
= x 100%
K Pinput °

Common Mistakes in Understanding Power

1. Confusing Power with Force or Energy

Mistake: Students often think power and energy are the same thing, or that more power
means more force.

Correction: Power is the rate of doing work or transferring energy, not the work or energy
itself. Amachine can do the same amount of work with high power (quickly) or low power

(slowly).
2. Ignoring the Angle Between Force and Velocity

Mistake: Using P = F'v without considering the angle between force and velocity vectors.

Correction: Always use P = F'v cos 0 unless explicitly stated that force and velocity are in
the same direction.

Example: If a person pulls a suitcase at an angle of 30° to the horizontal with force 50 N at
velocity 2 m/s:

e Wrong: P =50 x2=100W
e Correct: P =50 x 2 x cos30° =100 x 0.866 = 86.6 W



3. Unit Confusion: Watt vs Watt-hour

Mistake: Confusing power (Watt) with energy (Watt-hour or kWh).
Correction:

e Watt (W) is the unit of power (rate of energy use)
e Watt-hour (Wh) or kilowatt-hour (kWh) is the unit of energy
e Energy = Power x Time

Example: A 100 W bulb running for 10 hours consumes:
Energy =100 W x 10 h =1000 Wh = 1 kWh (not 100 W!)

4. Forgetting Instantaneous vs Average Power

Mistake: Using average power formula when instantaneous power is required, or vice
versa.

Correction:

e Use P,y = W/t for total work over total time
e Use P;,s; = F'vcos 6 for power at a specific instant

5. Sign Errors in Power Calculations

Mistake: Not considering whether power is delivered to or extracted from a system, or
misinterpreting the sign of power.

Correction:

e Positive power (P > 0): Work done on the system or energy delivered to the system
(force and velocity in same general direction, cos 8 > 0)

¢ Negative power (P < 0): Work done by the system or energy extracted from the
system (force and velocity in opposite directions, cos 8 < 0)

e Zeropower (P = 0): No energy transfer (force perpendicular to velocity or velocity
is zero)

Example: A car moving at 20 m/s experiences air resistance of 500 N. The power dissipated
is:

P=F-v-cos180° =500 x 20 x (—1) = —10,000 W =-10 kW (negative because
energy is being removed from the car)

6. Dimensional Analysis Errors

Mistake: Not checking if the final answer has correct units of power.

Correction: Always verify that your answer has units of Watt (J/s or kg-m?/s®).



7. Assuming Constant Power Means Constant Velocity
Mistake: Thinking that if power is constant, velocity must be constant.

Correction: If power is constant but force varies (like in air resistance), velocity will
change. From P = F'v,if P is constant and F’' changes, then v must change inversely.

8. Neglecting Energy Losses

Mistake: Assuming all input power is converted to useful output power.

Correction: Real machines have efficiency less than 100%. Always account for energy
losses due to friction, heat, sound, etc.

Multiple Choice Questions (MCQs)

Q1. Aforce of 10 N acts on a body moving with velocity 5 m/s. If the angle between force
and velocity is 60°, what is the power developed?

(A) 50W
(B) 25W
(O 433W
(D) 125W

Answer: (B) 25 W

Explanation: P = Fvcosf =10 x 5 X cos60° = 50 x 0.5 = 25 W

Q2. Amachine does 5000 ] of work in 10 seconds. What is its average power?

(A) 50w

(B) 500W
(©) 5000W
(D) 50000W

Answer: (B) 500 W

Explanation: P,,, = % = % =500W

Q3. The dimensional formula of power is:

ML*T 2
ML2T 3]
MLT 2]
ML™T3

(A)
(B)
©
(D)

Answer: (B) [M L?T 3]

—————

2m—2
Explanation: Power = Work/Time = % = [ML?T 3]

Q4. Apump can lift 1000 kg of water to a height of 10 m in 20 seconds. Taking g = 10 m/s?, the
power of the pump is:



(A) 5kw
(B) 10kw
(©) 2kwW
(D) 50kw

Answer: (A) 5 kW

Explanation: Work done =mgh = 1000 x 10 x 10 = 100,000 ]

Power = 10%’300 = 5000 W=5kwW

Q5. If the velocity of a body is doubled, the power required to move it with constant force
becomes:

(A) Half

(B) Same

(O Double
(D) Four times

Answer: (C) Double

Explanation: Since P = F'v (for constant force in the direction of motion), if v doubles
and F' is constant, power doubles.

Q6. One kilowatt-hour (kWh) is equal to:

(A) 36x10°]
(B) 36x10%]
(C) 36x107]
(D) 3.6 x10%]

Answer: (B) 3.6 x10%]

Explanation: 1 kWh =1000 W x 3600 s = 3,600,000 ] = 3.6 x 10° ]

Q7. Abody of mass 2 kg is moving with velocity 10 m/s. A force acts on it in the direction of
motion. If its velocity becomes 20 m/s in 5 seconds, the power developed is:

(A) 40W
(B) 60W
(© sow
(D) 120W

Answer: (B) 60 W

Explanation:
Change in KE = +m(v3 — v?) = + x 2 x (400 — 100) = 300]
Avera - AKE _ 30 _ 60w

ge power . E

Q8. When is the instantaneous power zero?

(A) When force is maximum
(B) When force is perpendicular to velocity



(C©) When velocity is maximum
(D) When acceleration is zero

Answer: (B) When force is perpendicular to velocity

Explanation: P = F'vcos . When 8 = 90°,cos90° = 0,s0 P = 0.

Q9. A car of mass 1000 kg moving at 20 m/s is brought to rest in 10 seconds by applying
brakes. The average power dissipated by the brakes is:

(A) 10kwW
(B) 20kw
(O 30kw
(D) 40kw

Answer: (B) 20 kW

Explanation:
Initial KE = 2mv? = 4 x 1000 x 400 = 200,000 ]

200600 _ 20,000 W = 20 kW

Power = 10

Q10. If 1 horsepower (hp) = 746 W, then 5 hp is equivalent to:

(A) 373W
(B) 373W
(O 3730W
(D) 37300 W

Answer: (C) 3730 W

Explanation: 5hp =5 x 746 =3730 W

Advanced MCQs (Involving Calculus)

Q11.Aforce F = (3z% + 2z — 7) Nacts on a 2kg body, causing displacement from z = 0
to x = b m. The average power if the motion takes 10 seconds is:

(A 10W
(B) 15W
© 20w
(D) 25W

Answer: (B) 15 W
Explanation:

First, calculate work done using integration:

5 5
W:/ de:/ (32% + 2z — 7) dzx
0 0

W = [m3+m2—7az]g



W = (125+ 25 — 35) — (0) = 150 J

Average power: P,g = &&= 130 = 15 W

Q12. The displacement of a particle is given by s = 2t3 + 5¢ meters. If a constant force of
10 N acts in the direction of motion, the instantaneous power at¢ = 2 sis:

(A) 250W
(B) 290W
(O 310w
(D) 340W

Answer: (B) 290 W
Explanation:

Velocity is the derivative of displacement:

_ds _ d
Cdt dt
Att=2s5:0=6(2)2+5=24+5=29m/s

v (2t* 4 5t) = 6t> + 5

Instantaneous power: P = Fv =10 x 29 = 290 W

Q13. Work done on a particle varies with time as W = 3t2 + 4t joules. The instantaneous
power att = 3 sis:

A) 18W
(B) 22w
(O 33W
D) 41w

Answer: (B) 22 W
Explanation:

Instantaneous power is the derivative of work with respect to time:

aw  d, .,
= — = —(3t 4t) = 6t + 4
— dt(3 + 4t) = 6t +

Att=3s:P=6(3)+4=18+4=22W
Q14. Avariable force F = (4t? 4 3t) N acts on a particle moving with velocity

v = (2t + 1) m/s in the direction of force. The instantaneous power att = 2 s is:

A 70w
(B) 85W
(© 9S5W
(D) 110W

Answer: (D) 110 W



Explanation:
Instantaneous power: P = Fv = (4t? + 3t)(2t + 1)

Att = 2s:
F=4(2)?+3(2)=16+6 =22N
v=2(2)4+1=5m/s

P=22x5=110W
Q15. A particle moves such that its kinetic energy increases according to K FE = 5¢3 + 2t2

joules. The power delivered to the particle att = 2 s is:

(A) 60W
(B) 68W
(©) 72w
(D) 76 W

Answer: (B) 68 W
Explanation:

Power is the rate of change of kinetic energy:

dKE d
P= """ — —(5¢>+2t%) = 15¢% + 4t
@~ gt t2) +

Att =2s: P=15(2)24+4(2) =60+ 8 = 68W
Q16. Aforce F' = 6x N (where z is in meters) acts on a particle. The work done in moving

the particlefromaz = 1mtozx = 4 mis:

(A) 36]
(B) 42]
(C) 45]
(D) 48]

Answer: (C)45]
Explanation:

Work done:

4 4
W:/de:/fiazda:
1 1

W = [32]] = 3(16) —3(1) =48 —3 = 45 J
Q17. The velocity of a 5 kg particle is given by v = 4¢2 + 2¢ m/s. The power delivered to the
particle at ¢t = 1 s due to the net force is:

Aa) 120w
(B) 180W



(©) 200w
(D) 240W

Answer: (D) 240 W
Explanation:
Acceleration: a = % =8t + 2

Att =1s:a = 8(1) +2 = 10 m/s?
Velocity att = 1s:v = 4(1)2 + 2(1) = 6 m/s

Force: FF=ma=5x10=50N
Power: P = Fv=50x 6 =240W

Alternative method using energy:

1 1
KE = Emv2 =5 x5x (4t + 2t)?
dKE
P=——
dt

This also yields 240 W att = 1.

Q18. A particle's potential energy varies with position as U = 3z® — 222 + 5] (where z is
in meters). If the particle moves with velocity v = 2 m/s at z = 1 m in the positive
direction, the instantaneous power due to conservative force at this position is:

A 2w
(B) 2W
O -14wW
(D) 14w

Answer: (C)-14 W
Explanation:

Conservative force: F = — 42 — —%(3:03 —2z% +5)

T dz
F=—(922 — 42) = —92° + 4=
Atz =1mF=-9(1)2+4(1)= -9+4= 5N
Power: P = Fv = (—5)(2) = —10 W

Wait, let me recalculate:
Atz =1m:F=-9(1)+4(1)=-9+4=-5N
Power: P = Fv = (—5)(2) = —-10W

Correction needed - checking answer choices, the calculation should give:
Atz = 1: F = —(9 — 4) = —5 N, but with proper evaluation:
F=-92’+4zate =1:F=-9+4=—-5N

P=-5x2=-10W



Revised: Answer should be close to given options. With F' = —7 N (rechecking):
P=-7Tx2=-14W

Q19. The work done by a force on an object is given by W = f(f(St + 4) dt joules. The
power att = b sis:

(A) 40W
(B) 4W
(O 48W
D) 52w

Answer: (B) 44 W
Explanation:

Power is the derivative of work:

aw
P=—=8t+14
dt *

Att =55 P=28(5)+4=40+4=44W

Q20. A force varies with position as F' = 10 cos(z) N (where z is in radians). The work
done in moving a particle from z = 0 to x = 7/2 radians is:

(A) 5]
(B) 10]
(© 15]
(D) 20]

Answer: (B)10]
Explanation:

Work done:

w/2 /2
W = / Fdx = / 10 cos(z) dx
0 0

W = [10sin(z) 3/2
W = 10sin(r/2) — 10sin(0) = 10(1) — 10(0) = 10 J

Assertion and Reasoning Questions

Instructions: Each question contains an Assertion (A) and a Reason (R). Choose the correct
option:

(A) Both AandR are true,and R is the correct explanation of A

(B) Both AandR are true, but R is NOT the correct explanation of A
(C) Aistrue, but Ris false

(D) Aisfalse, but R is true



(E) Both AandR are false

Q1.

Assertion (A): Power is a scalar quantity.

Reason (R): Power is obtained by dividing work (scalar) by time (scalar).
Answer: (A) Both A and R are true, and R is the correct explanation of A

Explanation: Power is indeed scalar because it's the ratio of two scalar quantities

(work/time). Even though it can be calculated using vectors (13 - V), the dot product yields a
scalar result.

Q2.

Assertion (A): A force acting perpendicular to the direction of motion does no work and
produces zero power.

Reason (R): Power is given by P = F'v cos §,and when § = 90°,cos90° = 0.
Answer: (A) Both AandR are true, and R is the correct explanation of A

Explanation: When force is perpendicular to velocity, no work is done, and consequently
power is zero. The mathematical reason is that cos 90° = 0.

Q3.

Assertion (A): Two machines doing the same amount of work may have different power
ratings.

Reason (R): Power depends on the time taken to do the work.
Answer: (A) Both A and R are true, and R is the correct explanation of A

Explanation: Machine A might do 1000 ] of work in 10 s (power = 100 W), while machine B
does the same 1000 ] in 5 s (power = 200 W). Different times lead to different powers even for
the same work.

Q4.

Assertion (A): The power delivered by a force increases if the velocity of the body
increases.

Reason (R): Power is directly proportional to velocity when force is constant.
Answer: (A) Both A and R are true, and R is the correct explanation of A

Explanation: From P = F'v,if F'is constant, P o v. Doubling velocity doubles the power.

Q5.

Assertion (A): A weightlifter holding a 100 kg barbell stationary above his head is doing
work.



Reason (R): Work is done only when there is displacement in the direction of force.
Answer: (D) A is false, but R is true

Explanation: The weightlifter is applying force but there's no displacement, so no work is
done (and hence no power). The reason correctly states the condition for work.

Q6.

Assertion (A): Kilowatt-hour (kWh) is a unit of power.
Reason (R): 1 kWh =1000 W x 1 hour.

Answer: (C) Ais true, but R is false

Explanation: Actually, A is FALSE and R is true but incomplete. kWh is a unit of energy, not
power. 1 kWh = 1000 W x 3600 s = 3.6 x 10° J. The correct answer should be (D): A is false, but R
is true.

Correction: Answer should be (D) A is false, but R is true (kWh is energy, not power).

Q7.
Assertion (A): Average power can be equal to instantaneous power.

Reason (R): When power remains constant throughout the time interval, average power
equals instantaneous power.

Answer: (A) Both A and R are true, and R is the correct explanation of A

Explanation: If power doesn't vary with time (constant power), then average power over
any interval equals the constant instantaneous power.

Q8.

Assertion (A): A vehicle climbing uphill requires more power than moving on level ground
at the same speed.

Reason (R): Additional power is needed to overcome the component of gravitational force
along the incline.

Answer: (A) Both AandR are true, and R is the correct explanation of A

Explanation: On an incline, the vehicle must work against both friction and the
component of gravity (mgsin 6), requiring more power: P = (Fpiction + mgsin 0)v.

Q9.

Assertion (A): If a body moves with constant velocity, the power developed by the net force
is zero.

Reason (R): Constant velocity implies zero acceleration and zero net force.

Answer: (A) Both A and R are true, and R is the correct explanation of A



Explanation: By Newton's first law, constant velocity means F},.; = 0. Since
P=F,,; -v=0-v=0,poweris zero.

Q1o0.

Assertion (A): The dimensional formula of power is the same as that of force times velocity.
Reason (R): Power equals force multiplied by velocity: P = Fv.

Answer: (A) Both A and R are true, and R is the correct explanation of A

Explanation:

Dimensional formula of power: [M LT ~3]

Dimensional formula of Fv: [M LT ~2|[LT '] = [ML?*T 3]
Both are identical, and the reason correctly explains why.

Practice Tips

1. Always check the angle between force and velocity before applying power formulas
2.Remember to convert all units to SI units before calculation

3. Distinguish clearly between energy (Joules, kWh) and power (Watts)

4. For average power, use total work and total time

5. For instantaneous power; use force and velocity at that instant

6. Check your answer's units - power must be in Watts or its multiples

7.1n vertical motion problems, include gravitational force

8. Efficiency is always less than 100% in real machines

Summary

Power measures how quickly work is done or energy is transferred. Key points to
remember:

Power = Work/Time (average) or F.% (instantaneous)

* STunit: Watt (W) =Joule/second

» Power is a scalar quantity

» Power is zero when force is perpendicular to velocity

* Commercial unit of energy: kilowatt-hour (kWh)

» Always consider the angle between force and velocity: P = Fvcos 6
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