
Physics 11: Additional Equations for the Final Celebration 
 
 

Chapter 10: Energy and Work 
 
Work: cosW Fd θ=  
 

⇒ The unit of work is the Joule (J). 1 J = 1 Nm = 1 kg m2/s2 

⇒ Work can be +, -, or 0. 
 
Work Energy Theorem: The total energy of a system changes by the amount of work done on it: 
 

...g s th chemE K U U E E W∆ = ∆ + ∆ + ∆ + ∆ + ∆ + =  
 
Law of conservation of energy: The total energy of an isolated system (no work is done on the 
system) remains constant: 
 

... 0g s th chemE K U U E E∆ = ∆ + ∆ + ∆ + ∆ + ∆ + =  
 

Kinetic Energy: 21
2K mv=  

 
Gravitational Potential Energy: gU mgy=  
 

Elastic Potential Energy: 21
2sU kx=  

 
Thermal energy: th kE f x∆ = ∆  
 
 
Conservation of Mechanical Energy: The mechanical energy of an isolated system without 
friction is conserved: 
 

( ) ( ) ( ) ( )f g f s f i g i s iK U U K U U+ + = + +  
 
⇒ If there is friction, the total energy is conserved: 
 

( ) ( ) ( ) ( )f g f s f th i g i s iK U U E K U U+ + + ∆ = + +  
 
 

 Power:  The rate at which energy is transformed or work is done: 
EP t

WP t

∆= ∆

= ∆

 

  
 

 
 



 
 

 
 

 
 

 
 
 
 
 
 
 



Chapter 13: Fluids 
 
 
Density: m

Vρ =          3
31.000 10water

kg
mρ = ×  

 
   m Vρ=  

 
 
Pressure: 
 

Pressure: Fp
A

=   patm = 1.013 × 105 Pa = 1 atm 

 
Pressure in a Static Fluid: 0p p gdρ= +  
 
Pascal’s Principle: If the pressure at one point in an incomprehensible fluid is changed, 
the pressure at every other point in the fluid changes by the same amount. 
 
 
 
Buoyancy: 
 
Archimede’s Principle: the magnitude of the buoyant force on an object partially or 
completely immersed in a fluid equals the weight of the fluid displaced by the object 
 
Buoyant Force: B fluid subF V gρ=  
 
 ⇒  if an object is completely submerged, Vsub = Vobj 
 

⇒ if an object is floating, FB = w = mg 
 
 
 
Fluids in Motion: 
 
Equation of Continuity: 1 1 2 2A v A v=  
 
Bernoulli’s Equation: 2 2

1 1 1 2 2 2
1 1

2 2p v gy p v gyρ ρ ρ ρ+ + = + +  

 
 
Bernoulli’s Principle: where the speed of a fluid increases, the pressure in the fluid 
decreases  
 
  





Chapter 16: Waves and Sound 
 
Waves: 
 
Transverse Wave: the disturbance occurs perpendicular to the direction of travel of the wave 
 
Longitudinal Wave: the disturbance occurs parallel to the direction of travel of the wave 
 

1 1f T
T f

= =  v v f
T
λ λ= =  

 
⇒  if the frequency is increased, the wavelength is decreased but wave speed doesn’t change 
 

Speed of waves on a string:   sT mv
L

µ
µ

= =  

 

Doppler Effect:  
0

0

1

1
s

s

v
vf f v
v

 ± =   
 

 

 
 
 

Chapter 17: Linear Superposition and Interference 
 
Linear Superposition: 
 
The Principle of Linear Superposition: when two or more waves are present at the same place 
at the same time, the resultant disturbance is the sum of the disturbances from the individual 
waves 
 
⇒  for 2 wave sources vibrating in phase: 
 

 
0,1,2,... constructive interference

1( ) 0,1,2,... destructive interference2

L n n

L n n

λ

λ

∆ = =

∆ = + =
 

 
Beats:  1 2beatsf f f= −  
 
Standing Waves: 
 
⇒  for standing waves on a string fixed at both ends: 
 

 2 1,2,3,...
2m m

L vf m m
m L

λ  = = = 
 

 



 
 
 

 

 
 
 
 
 
 

 
  
    



Chapter 18: Ray Optics 
 
 
The Reflection of Light: 
 
⇒  in optics, all angles are measure with respect to the normal 
 
Law of Reflection:  θr = θi 
 

 
Images from Plane Mirrors: 
 
⇒  the image created by a plane mirror is virtual, upright, the same size as the object, and 
as far behind the mirror as the object is in front of it 
 
 
Images from Spherical Mirrors: 
 
⇒  a convex mirror always produces a virtual, reduced, and upright image 
 
⇒  a concave mirror can produce a: 
 
 real, enlarged, inverted image (if object is between C and F) 
 real, reduced, inverted image (if object is beyond C) 
 virtual, enlarged, upright image (if object is between F and mirror) 
 
⇒  from a single mirror, real images are always inverted and virtual images are always upright 
 
 
Mirror and Magnification Equations: 
 

mirror equation:  1 1 1
's s f

+ =  magnification equation:  ' 'h sm
h s

= = −   

 
f  > 0 concave mirror 
f  < 0 convex mirror 
 
s > 0 real object (in front of mirror)   s’ > 0 real image (in front of mirror) 
s < 0 virtual object (behind mirror)   s’ < 0 virtual image (behind mirror) 
 
m > 0 image is upright    1m >  image is enlarged 

m < 0 image is inverted    1m <  image is reduced 
 



The Refraction of Light: 
 

Index of Refraction:  speed of light in vacuum
speed of light in the material

cn
v

= =  

 
 
Snell’s Law:  n1 sin θ1 = n2 sin θ2 

 
 
Total Internal Reflection: 
 
⇒  total internal reflection can only occur if n2 < n1  
 

Critical Angle: 1 2

1
sinc

n
nθ −  =  

 
 

 
Images from Lenses: 
 
⇒  a diverging lens always produces a virtual, reduced, and upright image 
 
⇒  a converging lens can produce a: 
 
 real, enlarged, inverted image (if object is between F and 2F) 
 real, reduced, inverted image (if object is beyond 2F) 
 virtual, enlarged, upright image (if object is between F and lens) 
 
⇒  from a single lens, real images are always inverted and virtual images are always upright 
 
 
Thin Lens and Magnification Equations: 
 

thin lens equation:  1 1 1
's s f

+ =  magnification equation:  ' 'h sm
h s

= = −   

 
f  > 0 converging lens 
f  < 0 diverging lens 
 
s > 0 real object (on the left of the lens)  s’ > 0 real image (on the right of the lens) 
s < 0 virtual object (on the right of the lens) s’ < 0 virtual image (on the left of the lens) 
 
m > 0 image is upright    1m >  image is enlarged 

m < 0 image is inverted    1m <  image is reduced 
 



Chapter 20: Electric Fields and Forces 
 
 
charge on a proton:    qp = +e = 1.60 × 10-19 C 
charge on an electron:   qe = -e = -1.60 × 10-19 C 
 
charge is quantized:   q = + ne    n = 0, 1, 2, … 
 
 
Charged Objects: 
 
Law of Conservation of Electric Charge: during any process, the net electrical charge of 
an isolated system remains constant 
 
⇒  like charges repel and unlike charges attract each other 
 
⇒  there are three ways to charge an object: charging by friction, charging by induction, 
and charging by contact 
 
 
Coulomb’s Law:  
 

291 2
21 2 2 1 2 8.99 10on on

k q q NmF F k Cr
= = = ×  

 
⇒  the direction of the force is along a line connecting the two charges 

 
⇒  if there are more than two charges, the net force on a charge is the vector sum of all 
the forces on the charge 

 
 

The Electric Field: 
 

⇒  the electric field is defined as: 
( , , )

( , , ) onqF at x y z
E at x y z

q
=




 where q is a small + test 

charge  
 
⇒  the force on a charge in an electric field is given by: F qE=

 
 

 

⇒  the electric field from a point charge is given by: 2

k q
E

r
=  

 
  E


 points away from a positive charge 

 
  E


 points toward a negative charge 



 
Electric Field Lines: 
 
⇒  electric field lines have the following properties: 
 
 Electric field lines point in the direction of the electric field 
 
 The closer together the field lines, the string the electric field. 
 

Electric field lines point away from a positive charge and towards a negative 
charge. 

 
 Electric field lines never cross. 
 
 
Conductors in Electrostatic Equilibrium: 
 
⇒  A conductor in electrostatic equilibrium (charges at rest) have the following 
properties: 
 
 The electric field inside the conductor is zero. 
 
 Any excess charge is located on the surface of the conductor. 
 
 The electric field is perpendicular to the surface. 
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