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PHYSICS - CLUTCH NON-CALC

CH 10: CONSERVATION OF ENERGY



CONCEPT: OVERVIEW OF ENERGY TYPES 
 
● Remember: Energy exists in many forms and is always TRANSFORMED between types: 

 
 

 

TYPES OF ENERGIES 

MECHANICAL (M.E) = ________ NON-MECHANICAL (N.M.E) 

KINETIC (___) 
● (Energy due to _________) 

POTENTIAL (___) 
● (“_________” Energy due to _________) THERMAL 

ENERGY  
 

 
-Friction  
-heat 
-etc… 
 
 
 
 
 
 

ALL OTHER 
TYPES 

(much later) 
 

-Electrical 
-Nuclear 
-Light  
-Sound 
- etc… 
 
 
 
 

ELASTIC (SPRING) 
● due to _________ 

 
 
 

GRAVITATIONAL 
● due to _________ 

 
 
 
 
 
 
 

m 
𝒗ሬሬԦ 

𝒗ሬሬԦ 

m 

m 

(_________ → _________) (_________ → _________) 
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CONCEPT: GRAVITATIONAL POTENTIAL ENERGY 
 
● As objects fall, gravity does WORK on them and they fall faster (𝑣 __, KE __). 
 
● This Energy must come from somewhere. KE is transferred from another type of Energy called ___________________. 

 
- Gravitational POTENTIAL Energy (Ug) is “_________” energy due to an object’s __________: 

 

EXAMPLE: You drop a 5.1kg box from 10m, and it falls to a height of 4m. (a) Calculate the initial Gravitational Potential 
Energy. (b) Calculate the final Gravitational Potential Energy. (c) Find the change in Gravitational Potential Energy. 

 
 
 
 
 
 
 
 
 

 

 

● The WORK done by Gravity is the ____________________ in Gravitational Potential Energy! 

IF no other forces are acting: 

- As objects FALL, Wg is [ + | – ], KE [ INCREASES | DECREASES ], Ug [ INCREASES | DECREASES ] 

- As objects RISE, Wg is [ + | – ], KE [ INCREASES | DECREASES ], Ug [ INCREASES | DECREASES ] 

  

Mechanical Energy 

Kinetic  Potential 

Elastic Gravitational  

m 

m 

𝒎𝒈 

𝑼𝒈 = _____ 

𝑾𝒈 = _______ 

𝜟𝑼𝒈 = _______ 

𝑾𝒈 = –mgΔy 
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PROBLEM: A 2-kg ball initially 6m above the ground falls to a height of 3m. a) Calculate the change in Grav. Potential 
Energy if you choose the ground (y=0) to be where Ug = 0. b) Calculate the change in Grav. Potential Energy if you choose 
y = 6 to be where Ug = 0. 
 
 
 
 
 
 
 
 
 
 
 
 
● In Energy problems, Grav. Potential Energy is always calculated relative to an arbitrary reference point.  

- When calculating ΔUG, only the ____________ in height is important, not the initial or final height! 

- If you know 𝜟𝒚, you can set the “ground level” (Ug = __) wherever, but usually pick the lowest point of the problem. 
 

GRAV. POT. ENERGY 

𝑾𝒈 = −𝒎𝒈𝜟𝒚 = −𝜟𝑼𝒈 

𝑼𝒈 = 𝒎𝒈𝒚 

𝜟𝑼𝒈 = 𝒎𝒈𝜟𝒚 
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CONCEPT: CONSERVATION OF MECHANICAL ENERGY 
 
● Mechanical Energy (ME) of a system is simply the ______ of Kinetic (K) & Potential (U) energy: 

 
EXAMPLE: You drop a 2kg ball from the top of a 100m building. Calculate the ball’s total Mechanical Energy a) at the top of 
the building and then b) at the moment right before it hits the ground.  
 
 
 
 
 
 
 
 
 
 
 
 
● When a system’s M.E. is transferred between potential & kinetic energy without loss, we say it is  _______________: 

 
 
 
…which we will always write as: 
 
 
 
EXAMPLE: You drop a ball of unknown mass from the top of a 50m building. Use Conservation of Energy to determine 
the speed of the ball right before it hits the ground. 
 
  

UAM Equations 

(1) 𝒗 = 𝒗𝟎 + 𝒂𝒕 

(2) 𝒗𝟐 = 𝒗𝟎
   𝟐 + 𝟐𝒂𝜟𝒙 

(3) 𝜟𝒙 = 𝒗𝟎𝒕 +
𝟏

𝟐
𝒂𝒕𝟐 

(4) 𝜟𝒙 = (
𝒗+𝒗𝟎

𝟐
) 𝒕 

Energy 

𝑲 =
𝟏

𝟐
𝒎𝒗𝟐  

𝑼𝒈 = 𝒎𝒈𝒚  

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

𝑴𝑬 = K + U 

 

_____ = _____ 

___________ = ___________ 

(Conservation of Mechanical Energy) 
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PROBLEM: You launch a 4kg object directly up from the ground with an initial 40m/s. Use Energy Conservation to find the 
maximum height the object reaches. Ignore air resistance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROBLEM: You throw a 6kg object down from a height of 20m. If the object reaches the ground with 30m/s, calculate the 
initial speed you threw it with. 
 

  

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

UAM Equations 

(1) 𝒗 = 𝒗𝟎 + 𝒂𝒕 

(2) 𝒗𝟐 = 𝒗𝟎
   𝟐 + 𝟐𝒂𝜟𝒙 

(3) 𝜟𝒙 = 𝒗𝟎𝒕 +
𝟏

𝟐
𝒂𝒕𝟐 

(4) 𝜟𝒙 = (
𝒗+𝒗𝟎

𝟐
) 𝒕 
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PROBLEM: You launch a ball directly upward from the ground. The ball is going up with 20m/s at 30m from the ground. a) 
Calculate the launch speed. b) Calculate its maximum height. 
 
 
 
 
 
 
 
 
 
 
 
 
 
● Some problems give more than TWO points. The 2 points you pick should be the GIVEN & TARGET (known & unknown) 
 

 
  

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 
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CONCEPT: CONSERVATION OF TOTAL ENERGY AND ISOLATED SYSTEMS 
 
● There are 2 conceptual rules explaining when Energy is conserved: 
 
 

1) The TOTAL Energy of a system is conserved if the system is _______________  
 
 - A system is a _____________ of objects that is CHOSEN (by you or the problem). 

 - A system is ISOLATED if NO External forces do work and ONLY Internal forces do work. 

 - External Forces are [ inside | outside ] of system. If ANY Net Force is external, system is [ isolated | not isolated ] 

 - Internal Forces are  [ inside | outside ] of system. If ALL Forces are internal, system is [ isolated | not isolated ] 

 
EXAMPLE: A spring pushes a box, and it accelerates. Determine whether the (i) forces are internal, (ii) system is isolated, 
and (iii) Total Energy of the system is conserved if the system is defined as a) only the box; b) the box AND the spring. 
 
a)  

 
 
 
 

 

b)   

 

 

 

 

 

 

  

  

TOTAL ENERGY 

Mechanical Energy Non-Mech. Energy 

Kinetic  Potential Thermal (friction) 
+ all other types Elastic Grav.  

All Forces 
internal? 

System 
Isolated? 

Total Energy 
Conserved? 

   
 

𝐸𝑖 ____ 𝐸𝑓 

   
 

𝐸𝑖 ____ 𝐸𝑓 

System: Box + Spring 

System: Box Only 

K = 20J U = 10J 𝒗ሬሬԦ𝟎 

K = 30J 

U = 0J 

𝒗ሬሬԦ𝒇 
Initial 

Final 

𝑬𝒊 = __________ 

𝑬𝒇 = __________ 

Initial 

Final 

𝑬𝒊 = __________ 

𝑬𝒇 = __________ 

K = 20J U = 10J 𝒗ሬሬԦ𝟎 

K = 30J 

U = 0J 

𝒗ሬሬԦ𝒇 
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CONCEPT: CONSERVATION OF MECHANICAL ENERGY AND CONSERVATIVE SYSTEMS 
 
● 2 conceptual rules for Energy Conservations: 
 

1) The TOTAL Energy of a system is conserved if the system is ISOLATED. 
 

2) The MECHANICAL Energy of a system is conserved if the ONLY forces doing Work are _________ and ________. 
 

- In some situations, Total Energy is conserved, but M.E. is not: 
 
EXAMPLE: A box is pushed up against a spring storing 20J of potential energy. The box is released and hits a rough patch 
of ground, and stops. Determine if the a) Total Energy is conserved, and if the b) Mechanical Energy is conserved. 
 
 
 
 
 
 
 
EXAMPLE: For each of the situations below: (i) is the mechanical energy conserved? (ii) Describe the energy transfers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
● Gravity & Spring Forces are _____________ Forces. 

If only these forces act: 

1) M.E. is ___________. (         ) 

2) The system is CONSERVATIVE. 

 

TOTAL ENERGY 

Mechanical Energy (K+U) Non-Mech. Energy 

Kinetic  Potential Thermal (friction) 
+ all other types Elastic Grav.  

Total Energy Conserved? 
[ YES | NO ] 

Mech. Energy Conserved? 
[ YES | NO ] 

𝒗ሬሬԦ 

m 

𝒗ሬሬԦ 

𝒗ሬሬԦ 

(a) A block falls without 
air resistance 

(b) A moving block hits a 
spring and rebounds 

(c) You push a block, and 
it accelerates to the right 

(d) A moving block slows 
due to friction 

𝒗ሬሬԦ 

i) M.E Conserved? [ YES | NO ] 

ii)  

i) M.E Conserved? [ YES | NO ] 

ii)  

i) M.E Conserved? [ YES | NO ] 

ii)  

i) M.E Conserved? [ YES | NO ] 

ii)  

𝒗ሬሬԦ = 0 U = 20J 

● Applied forces & Friction are ________________ Forces. 

If these forces ever do Net Work:  

1) M.E. is _________________. 

2) The system is NON-CONSERVATIVE. 
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CONCEPT: CONSERVATION OF ENERGY EQUATION WITH NON-CONSERVATIVE FORCES 
 
● If NON-conservative forces do work (WNC __ 0), Mech. Energy is ______ conserved. 
 

- However, still use the Conservation of Energy equation to solve these problems!  

 
 
 
 
 
 
- WNC is simply the ______ of work done by any applied forces + friction. 

 
EXAMPLE: A 0.5 kg hockey puck is initially moving along the smooth ice at 4m/s. Using your hockey stick, you push the 
puck with a constant 200N through a distance of 0.3m. Calculate the puck’s final speed. 

 
 
 
 
 
 
 
 
 
 
 

  

Conservative 
Forces 

Non-Conservative 
Forces 

Gravity Springs Applied Friction 

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

WORK & ENERGY 

𝑾 = 𝑭𝒅𝒄𝒐𝒔𝜽 

𝑾𝑭𝑨
 = 𝑭𝑨𝒅𝒄𝒐𝒔𝜽 

𝑾𝒇𝒌
 = −𝒇𝒌𝒅 

𝑲𝒊 + 𝑼𝒊 + _____ = 𝑲𝒇 + 𝑼𝒇 

𝑾𝑵𝑪 = ____________ 

(Conservation of Energy) 
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PROBLEM: A block of unknown mass is sliding along a flat surface with 30m/s when it enters a long, rough patch. If the 
coefficient of friction between the block and the floor is 0.6, calculate the distance the block travels before stopping. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

● Whenever M.E. isn’t conserved, WNC always makes up the difference. WNC = energy added/removed from system 

  

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

𝒗⃗⃗  
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PROBLEM: You push a 5kg block initially at rest along a rough horizontal surface, until it reaches a speed of 20m/s. If 
friction dissipates 200 J of energy, how much work did YOU do in pushing the block? 

 

  
CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 
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PROBLEM: An 800kg car skids to a stop from 30m/s through a distance of 90m. Calculate the coefficient of friction between 
the car and the road. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROBLEM: A 2-kg object dropped from a height of 80m reaches the floor with 30m/s. Using Energy Conservation, calculate 
a) the amount of work done by air resistance, and b) the average force of air resistance. 

 

 

 

 

 

 

 

 

 

 

● We can use Energy Conservation to solve problems with “resistive” forces like air/water resistance, which act like friction!  

 

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

PHYSICS - CLUTCH NON-CALC

CH 10: CONSERVATION OF ENERGY

Page 13



CONCEPT: ELASTIC (SPRING) POTENTIAL ENERGY 
 
● Just like objects “STORE” energy when lifted to a height (Ug), springs store energy when compressed/stretched (_____): 

 

 
 
 

 
 

 

 

 

- These 2 energies are the same TYPE, so we combine them in the Conservation of Energy Equation 

 

 

 

 

 

EXAMPLE: A 4kg block is attached to a spring on a smooth, horizontal surface. The spring constant k = 500 N/m. You push 
the block with a force of 100N. (a) Calculate the compression distance of the spring. (b) You release the spring and the box 
accelerates to the right. Calculate its launch speed. 

 
 
 
 
 
 
 
 
 
 
 
● In spring problems where objects are STATIONARY, solve by using ____________ 

- If objects are MOVING between two points (initial → final), solve by using ___________ (because F ≠ constant!) 

  

Mechanical Energy 

Kinetic  Potential 

Elastic Gravitational  

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

𝑾𝒈 = –mgΔy = –ΔUg 

(Work by Gravity = change in Grav Pot. Energy) 

𝑾𝑺 =  –½kx2 = ______ 

(Work by Spring = change in Spring Pot. Energy) 

𝒗ሬሬԦ 

m 𝑬𝑸 

Gravitational Potential Energy Elastic Potential Energy 

𝑼 =  __________ 

𝑲𝒊 + 𝑼𝒊 + 𝑾𝑵𝑪 = 𝑲𝒇 + 𝑼𝒇 

Ug = mgy Uel = _____ 
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PROBLEM: A 4-kg block moving on a frictionless, horizontal surface with 20 m/s strikes a massless, horizontal spring of 
force constant 600 N/m. Calculate the maximum distance that the block will compress the spring by. 

A) Δx = 0.365 m 

B) Δx = 1.63 m 

C) Δx = 2.00 m  

D) Δx = 2.67 m 

  

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

𝒗ሬሬԦ 
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PROBLEM: A 3kg block is pushed up against a massless spring of force constant k = 500N/m. The initial compression is 
0.4m. You release the block, and the spring pushes the block outwards onto a rough horizontal surface, where μk = 0.6. 
a) Calculate the launch speed of the block from the spring. b) Calculate the distance the block travels before stopping.  
 

  
CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 
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PROBLEM: A 5-kg block is released from 3 m above the top of a 400 N/m vertical spring. Calculate the maximum 
compression that the spring will experience.  
 

 

 

 

 

 

 

 

 
 
● When objects interact with a vertical spring, there’s 3 types of Mech. Energy in the problem: _____, _____, & _____. 

- But the only energies that matter are the ones at the initial & final. 

 

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 
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CONCEPT: SOLVING PROJECTILE MOTION WITH ENERGY CONSERVATION 
 

● Projectile Motion problems asking for height / speed CAN sometimes* be solved easier by using Energy Conservation. 
 

EXAMPLE: You throw a ball from the top of a 30m building with an initial speed of 20m/s at an unknown launch angle. 
Ignore air resistance. Use Energy Conservation to calculate the ball’s speed before hitting the ground. 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

𝑲𝒊 + 𝑼𝒊 + 𝑾𝑵𝑪 = 𝑲𝒇 + 𝑼𝒇 
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PROBLEM: You throw a ball with 20m/s at 37° above the horizontal. Use Energy Conservation to find its maximum height.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PROBLEM: You are practicing jumping as far as you can. In one attempt, you run and leave the floor with 7 m/s directed at 
an unknown angle. What maximum height do you reach if your speed at that point is 5 m/s? Ignore air resistance. 

 

 

 

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 

CONSERVATION OF ENERGY 

1) Draw Diagram 
2) Write Cons. of Energy EQ 
3) Eliminate & expand terms 
4) Solve 
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