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PV Diagrams 

• Isothermal 

€ 

ΔT = 0 (Curved line) 
• Adiabatic 

€ 

Q = 0 (Steeper curve than Isothermal) 
• Isobaric 

€ 

ΔP = 0 (Horizontal Line) 
• Isovolumetric 

€ 

ΔV = 0 (Vertical Line) 
• A PV diagram shows the relationship between Pressure and Volume. 

Work done (if positive) is the clockwise tracing of the PV cycle. The 
area marked out is the Work done. 

Heat as Energy Transfer 

• Heat is a measure of the energy transferred between objects due to 
a difference in temperature.  

• The unit for measuring heat is Joules (SI) or Calories.  Calories, is 
the amount of heat necessary to raise the temperature of 1 gram of 
water by 1 Celsius degree.  

• 4.186 J = 1 cal 
• The rise in temperature due to heat flow is expressed 

€ 

Q = mcΔT  

Internal Energy aka Thermal Energy 

• Internal Energy using nR  

€ 

Eint =
3
2
nRT  n is the Number of moles of gas 

• Internal Energy using Nk 

€ 

Eint =
3
2
NkT  N is number of molecules, k is the Boltzmann constant 

• Internal Energy using mv 

€ 

Eint = N (1
2
mv 2 ) 

Specific Heat 

• Specific Heat, noted as c, is a property inherent to specific 
substances which tells you how easily the substance transfers hear. 
It’s unit is J/kgC°. 

Calorimetry 



• Calorimetry is the exchange of heat. It is measured by measuring 
the heat lost by one substance and gained by another. This is used 
to determine the specific heat of a material. 

Temperature, Heat and Internal Energy 

• Temperature is the measure of the average energy of the molecules 
• Internal Energy is the total energy of the molecules within an 

object. 
• Heat is the transfer of energy due to a difference in temperature 

First Law of Thermodynamics 

• The change in internal energy represents the Heat added minus the 
work done. Energy is conserved. 

• 

€ 

ΔK +ΔU +ΔE int =Q −W  

Latent Heat 

• Heat needed to cause a material to change phase, represented by L 
• 

€ 

Q = mL 

Molar Specific Heats for Gases 
Equipartition of Energy 

• Principle of equipartition of Energy – Energy is shared equally 
among the degrees of freedom 

Heat Transfer 

• Conduction – Molecular collisions 
• Convection – Altogether movement of molecules 
• Radiation – Wave absorption (For now) 
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Heat Engines 

• Heat Engines change heat energy into mechanical energy. They 
work by cycling from High Temperature to Low Temperature and 
outputting work along the process. Heat engines have an efficiency 
which is the ratio of Work done to the High Temperature input.  

Efficiency 

• 

€ 

e =
W
QH

efficiency equals work over heat input at high temperature 

• 

€ 

e = 1−
QL

QH

 

• An engine cannot be 100% efficient. The change between high to 
low determines the efficiency of a reversible engine. 

Reversible and Irreversible Processes 

• A physical engine cannot do negative work. Because of this all real 
engines are irreversible. 

The Carnot Engine 

• A Hypothetical engine which follows the cycle: Isothermal > 
Adiabatically Reversible > Reversible Isothermal > Adiabatic  

• 

€ 

QL

QH

=
TL
TH

Carnot Cycle 

• Ideal Efficiency 

€ 

1−
QL

QH

 

Entropy 

• Entropy is the measure of disorder in a system. The change in 
entropy when a system moves between two states is important. 

• 

€ 

ΔS =
Q
T

 

Heat Death 



• In any natural process, some energy becomes unavailable to do 
useful work. 

Statistical Interpretation of Entropy 

• Microstate – A system defined by the position and velocity of every 
particle 

• Macrostate – A system defined by the State Variables. 
• 

€ 

S = k lnW k is Boltzmann’s Constant, W is the number of microstates 
corresponding to the given macrostate. 

Second Law of Thermodynamics 

• Heat will not flow spontaneously from cold to hot. Entropy never 
decreases. 

• Entropy always increases with time. 
• Natural processes tend to move towards a state of greater disorder. 

Third Law of Thermodynamics 

• It is impossible to each Absolute zero in any finite number of 
processes 
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Ray Model of Light 

• The ray model of light is a simplification of light, useful for 
understanding how light will behave when it reflects. Light is more 
like a ripple in water than a single beam. 

Reflection – Mirrors 

• To understand reflection it is important to pay attention to a line 
perpendicular to the surface which is doing the reflection. This 
imaginary line is called the Normal. Light comes in at an angle to 
the normal (Angle of incidence), and is reflected back at the same 
angle, on the other side of the normal (Angle of Reflection). So we 
can say the “Angle of Reflection equals the angle of Incidence”.  

• Mirrors work by creating a virtual image, projected in front of them. 
The magnification of this image can be changed if the surface of the 
mirror is not flat. Mirrors which curve inward are called concave, 
they make the image appear larger than it actually is and decrease 
the viewing angle. Outward curving mirrors, called Convex, make 
the image appear smaller, but increased the viewing angle. 

• The focal length of a curved, spherical mirror depends on the radius 
of curvature. The radius of curvature is defined as the length to the 
center of the circle, which is “Swept Out” to form the curve of the 
mirror.  

• Focal Length f, 

€ 

f =
rcurvature
2

 

• Spherical Mirrors are not perfect, they undergo Spherical 
Aberration. The ideal mirror is a parabola. If the angle of curvature 
for a Spherical Mirror is small enough it is able to focus. 

• Mirror Equation 
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1
d0

+
1
di

=
1
f

 

• Lateral Magnification tells you about the difference between the 
height of an object and the height of the object as it appears in the 
mirror. The sign tells you if it is larger or smaller than the original. 

• Lateral Magnification m, 

€ 

m =
himage
hobject

= −
dimage
dobject

 



Visible Spectrum and Dispersion 

• Wavelength in a material 

€ 

λn =
v
f

=
c
nf

=
λ
n

 

Total Internal Reflection: Fiber Optics 

• Light is sent through a material which has total internal reflection. 
It is sent as a modulated light beam. 

Waves Vs Particles 

• At the time of Newton, there was quite a debate, over whether or 
not light was a stream of small particles, as though bullets fired 
from a machine gun, or it light was a wave, like sound. To solve 
this mystery scientists did experiments to determine the true 
nature of light. They shone light (Monochromatic Light) though a 
slit and observed how it appeared on a viewing screen. As the slit 
was made smaller and smaller, they could see bright and dark spots 
along the viewing screen, but one bright spot, the one directly 
across from the candle, yet blocked from traveling it a straight line, 
was constantly illuminated. This was the first step is seeing the 
wave nature of light. 

Huygens Principle 

• Huygens principle tells us about Wave fronts. As the many small 
waves move in unison through a substance, the wave front formed 
by the small waves is the tangent point of the many small rippling 
waves. When the wave front encounters an obstacle with a small 
gap for the wave to travel through, the waves on the other side 
spread out in a circle near the edge of the gap, while those in the 
center continue on their original path.  The closer the gap in to the 
size of a single wavelength, the more neatly the circular ripple with 
form on the other side, without any straight forms in the wave 
front. The medium should be isotropic (consistent) so the velocity 
of the waves will be consistent. This spreading effect of a wave is 
called Diffraction. It is one of the primary ways to distinguish a 
wave from a particle. 



Index of Refraction 

• The index of refraction is a measurement which tells us how the 
velocity of light changes in a given medium. It starts with the speed 
of light in a vacuum and then divides that speed by the velocity of 
the light in the medium. Index of Refraction = Speed of light in 
Vacuum / Speed of Light in Material.  

• Speed of Light c, 

€ 

c = 2.99792458 ×108m /s 

• Index Of Refraction 
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n =
c
v
 

• Velocity of Light in Material 

€ 

v =
c
n
 

Law of Refraction 

• When a wave crosses a barrier between two different substances, 
the direction of the wave front changes. How this changes depends 
of the velocity of the wave in the two substances. As the wave 
travels towards the barrier it forms an angle with the line 
perpendicular to the dividing line. The exposed side of this angle, 
and the submerged side of the angle are different, because as the 
light enters the substance it’s velocity changes. So to find the 
relationship between the two angles you need to look at the 
relationship between their two velocities.  

• Angles of Refraction 

€ 

sinθ Exposed

sinθ submerged

=
vouter
v inner

 

Snell's Law 

• Snell’s Law relates the Index of Refraction with the angle of 
Incidence and The Angle of Refraction. 

• 

€ 

nExposed sinθ Exposed = nsubmergedsinθ submerged 

 
Interference 

• Light waves are the same as sound waves. They interact with each 
other and combine, appearing as the sum of there separate parts. 
Because of this there are bright area’s and dark area’s when two 



light waves interact. The bright spots are maximums and the dark 
areas are minimums. To view the interference patterns, you new to 
view two light waves, a distance d, apart from each other. As the 
light waves travel to fill out the pattern, light from one slit will have 
to travel further than the other. This extra distance is d sin θ. 
Where Theta formed by the center line of the light and the viewing 
screen. If the extra distance is equal to the wavelength there is a 
maximum (bright). If it is equal to a half wavelength there is a 
minimum. 

• Extra distance 
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dE = dsinθ  

• Minimum

€ 

de =
1
2
λ  

• Maximum

€ 

dE = λ   

Intensity in the Double-Slit 
Interference in Thin Films 
Luminous Intensity 
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Thin Lenses 

• There are two types of lenses. Convex (Bulging out in the middle) 
and Concave (Thin at middle). Convex lenses produce a smaller 
virtual image, beyond the lens. Concave lenses produce a magnified 
real image (upright) before the lens.  

• The unit for lens is the Diopter (D), which is an inverse meter.  

• Power 

€ 

P =
1
f
 

Ray Tracing 

• Ray 1 is drawn parallel. It strikes the surface and reflects in the 
direction perpendicular to the tangent of the surface. 

• Ray 2 exits parallel, it is drawn along the normal of the surface, in 
order to exit parallel 

• Ray 3 is drawn straight, through the axis of curvature of the lens It 
appears not to bend. 

• Ray 4 is drawn through the midpoint of the radius of curvature. It 
exits in a direction to intersect with the other three rays at the focal 
point. 

Magnification 

• 

€ 

m =
himage
hobject

= −
dimage
dobject  

Combinations of Lenses 

• When lenses are combined the focal point is the sum of their focal 
points.  

Lensmaker’s Equation 

• The Lensmaker’s equation relates the focal length to the radius of 
curvature of the two halves of a lense. 

• Lensmaker’s equation 
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1
f

= (n −1) 1
R1

+
1
R2
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Cameras 



• An image is projected onto a film. For digital Cameras it is projected 
onto a CCD or CMOS, semiconductor sensors. 
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Diffraction by a single slit or Disk 
Intensity in Single Slit Diffraction 
Diffraction in the Double Slit Experiment 
Limits of Resolution 
Diffraction Grating 
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Spectroscopy 
Polarization 
Liquid Crystal Displays  


