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Vector and Scalar
Physical Processes – Vectors and Scalars
Intro to vectors & scalars
Vectors v. Scalar Quantities
• Vector – something that has magnitude AND direction (e.g displacement, velocity)
o Displacement:
§ Ex: Moving a box 5 meters to the right
§ Magnitude = 5 meters (distance)
§ Direction = to the right
o Velocity
§ Ex: Moving a box 2.5 m/s to the right
§ Magnitude = 2.5 meters/s
• Scalar – something that ONLY has magnitude (size)
o Distance
§ Ex: Moving a box 5 meters
§ No direction specified
o Speed
§ Ex: Moving a box at a speed of 2.5 meters per second

§
§

Magnitude = 2.5 meters/second
No direction specified

Visualizing vectors in 2 dimensions
- Vector Addition
o Magnitude specified by the length of
arrow
o Direction is specified by the direction
of arrow
o Vector A + Vector B = Vector C
o The net amount that you’ve shifted is
the sum of Vector A + Vector B
-

Break down any vector into its components
o Vector X is the sum of horizontal
component and vertical component
§ Break down Vector X into its
horizontal component and
vertical component
o Turns a two-dimensional problem
into two separate one-dimensional problems
§ One acting in a horizontal direction
§ One acting in a vertical direction

- Example problem: Solve for the horizontal and vertical components of vector a.

Unit vector notation
- We can define any vector in terms of some sum of
these two vectors
- î – unit vector
o In the x direction
o Magnitude of 1
- jˆ - unit vector (y direction)
o In the y direction
o Magnitude of 1
- Define Vx as some multiple of î (unit vector)
- Define Vy as a multiple of jˆ (unit vector)

-

Using unit vectors in two dimensions, and we can eventually do them in multiple
dimensions, we can analytically express any two dimensional vector
A way to add/subtract vectors without having to resort to visual means
Examples:
o Separately add the x and y components

Speed and Velocity
Speed and Velocity
Calculating average speed and velocity
Example: If Shantanu was able to travel 5 km north in 1 hour in his car, what was his
average velocity?
- Displacement: 5km to the north
- Distance: 5km
- Time: 1 hour
- Rate of speed (r) is used without taking direction into
account
- Velocity (v) is used taking direction into account

o Vectors have direction and magnitude

Solving for Time
Example: Ben is running at a constant velocity of 3m/s to the east. How long will it take to
travel 720 meters?
- Two equations can be used
o Rate of speed equation
§ Distance
§ Time
o Vector v velocity equation
§ Displacement

§

Time

Displacement from time and velocity
Example: If Marcia travels for 1 minute at 5 m/s to the south, how much will she be
displaced?

Instantaneous Speed and Velocity
- Instantaneous speed: speed at a particular moment in time

-

Instantaneous velocity: velocity at any particular moment in time
o Accounts for direction, unlike instantaneous speed

-

Average Velocity
o Doesn’t necessarily equal the instantaneous velocity
o Ex: Say you jogged at an average velocity of 60 meters/15 seconds (4
meters/second)
§ During this time you were speeding up and slowing down, and changing
your speed at every moment
§ Regardless of the speeding up or slowing down that took place during this
path, your average velocity’s still 4 meters/second
If you wanted to know the instantaneous velocity at a particular point in time during
this trip, you would want to find a smaller displacement over a shorter time interval
that’s centered at that point where you’re trying to find the instantaneous velocity
3 methods of finding the instantaneous velocity
o 1) If your average velocity is constant for the trip, than the average velocity =
instantaneous velocity

-

o Ex: A man is running with an
constant average velocity of 7
m/s
o Average velocity = Instaneous
velocity = 7 m/s

-

2) If your velocity is changing, you
can look at the motion on a x v. t graph to find
instantaneous velocity
o The slope at any particular point on a
position v. time graph will equal the
instantaneous velocity at that point in time
o The slope will give the instantaneous rate at
which x is changing with respect to time

-

3) If acceleration is constant, you can use the
kinematic formulas (to the right) to find the
instantaneous velocity

Acceleration
Acceleration
Acceleration
- What is acceleration?
o The change of velocity as time passes
o Anytime we speed up or slow down, or change direction, we undergo
acceleration
o Can describe acceleration as the change in velocity (v) over time
§ a = Δv/Δt
§ a = average acceleration
§ Δv = change in velocity
§ Δt = change in time

-

§ Note: acceleration is a vector quantity
o Velocity is defined as the change in displacement (d) over time
§ v=Δd/Δt
§ v = velocity
§ Δd = change in displacement
§ Δt = change in time
§ Note: velocity is a vector quantity
Example: A car is going 0 à 60 mph in 3 seconds towards east. What is its acceleration?
o a = Δv/Δt
§ Δv = (60-0) mph towards east
§ Δt = 3 seconds
o a = 60mph/3seconds towards east
o a = 20 mph/second towards east
o Every second, the car can increase its velocity by 20 miles/hour, per second
towards the East.

Airbus A380 take-off time
- How long would it take for the aircraft to take off?
- Given:
o Take off velocity: 280 km/hour
o Direction: direction of the runway (+)
o Acceleration: 1.0 m/s^2
- How long does take off last for the aircraft?
o Convert take off velocity to m/sec
o 280 km/hr à 77.7 m/s

-

Acceleration is 1.0 m/s^2
Every second it’s going 1m faster
Acceleration is equal to the change in velocity over the change in time
o We’re trying to solve for how much time takes
o Solve for the time via the acceleration equation à 78 seconds

Airbus A380 Take-Off Distance
-

Given this takeoff velocity and constant acceleration, we figured out it would take the
A280 about 78 seconds to take off
Question to answer: How long of a runway does the A380 need? (What is the minimum
distance needed in order to take off?)
o Note that the velocity is changing
o The acceleration is constant
o The average velocity will be the average of your final velocity and your initial
velocity
o What is our average velocity? à (our final velocity + initial velocity)/2
§ Average velocity = (78 m/s + 0 m/s)/2 = 39 m/s
o We can figure out our displacement by multiplying our average velocity with the
change in time à 3042 m

o Time v. Velocity graph
§ Plane has a constant
acceleration starting at 0
§ Slope = constant acceleration
§ Distance traveled is the area
under this curve

Distance is Area Under Velocity v. Time
- Let’s say I have something moving with a constant velocity of 5 m/s to the right
o V = 5 m/s to the right
- Plotting velocity v. time graph
o Area under the curve = displacement
- Velocity = Displacement/ΔTime (refer to right screenshot)
o Displacement = Velocity x ΔTime

-

If you plot velocity v. time, the are under that curve is going to be the distance traveled
(displacement)
Displacement = Velocity (Time)
If the acceleration is given to be 1 m/s^2, the velocity v. time graph would look like:
o Initial speed = 0
o After 1 second, it will be going 1 m/s faster
o Slope of the line is the acceleration (change in velocity/change in time)

-

Question: How far have we traveled after 5 seconds?
o Get the area under the curve after 5 seconds à gives distance travelled
o Area of triangle = ½ x base x height
o Displacement = ½ (5 seconds)(5 m/s) = 12.5 m

Average velocity for constant acceleration
Example:
- Given:
- Initial velocity = 5 m/s
- Constant acceleration of 2 m/s^2 (slope)
- Change in time = 4s
- Q: How fast are we going after 4 seconds? (What is the final velocity at 4 seconds)
o Each second that goes by, we are going faster by 2 m/s^2
o To get the final velocity
§ final velocity = Vi + (Δt)(a)
§ final velocity = (5 m/s) + (4 s)(2 m/s) = 13 m/s

-

Q: What is the total distance traveled? (How far
have we traveled over the course of the 4
seconds?)
o Can look at the area under the curve
o Can break it down into a rectangle and
triangle as shown in the diagram
§ Rectangle = (4 s)(5 m/s) = 20 m
§ Triangle = (1/2)(4 s)(8 m/s) = 16 m
§ Total Area = 20 m + 16 m = 36 m =
total displacement
o Can also write it as an equation:
§ Displacement = (Δt)(Vi) + (Δt)(Vf – Vi)(1/2)
§ Displacement = (Δt)(Vi + ½Vf – 1/2Vi)
§ Displacement = (Δt)(½Vi + ½ Vf)
§ Displacement = (Δt)(½)(Vi + Vf)
§ Displacement = (4 s)(1/2)(5 + 13 m/s) = 36 m

Newton’s Laws and Equilibrium
Normal Forces
Force of Tension
Forces on inclined Planes
Work and Energy
Fluids at Rest
Archimedes Principle and Buoyant Force
•
•
•
•
•

For an object submerged in water, it will experience a higher pressure near the base than at
the top
The force exerted on the object by the water pressure (F=A*P) at each surface (top vs
bottom) will be different.
The difference in these forces is called the Bouyant force (F_b)
This force is equal to the weight of the water the object displaces.
F_b = V_obj * Density_H2O

Specific Gravity (SG)
•
•

•
•

Unit-less fraction of density of object over density of Water
SG also tells us the fraction submerged under water
o i.e ice has SG of 0.97; 97% of an ice-cube will always be submerged
• As the ice melts, the water level in a beaker will NOT change.
If SG is greater than 1, then object will be fully submerged
The density fraction of an object over any fluid will tell us the % submerged.

Fluids in Motion
Gas Phase
Van der waals Forces in the Ideal gas law
Recall the 3 assumptions of an ideal gas
1. Atoms of gas have no volume

2. There are no intermolecular forces between gas particles
3. Collisions are perfectly elastic
The third assumption is not considered in this tutorial.
•
•
•

For an ideal gas P*V will always equal nRT (constant) at any pressure. If you were to graph
PV on the y-axis and P on the x-axis, it should give you a straight line.
For a real gas, P*V deviates from the constant (nRT)
The corrected ideal gas law equations that will be explained demonstrate how to use real gas
observations and add correction terms (van der waals equations) in order to make PV
constant at all pressures (thus appear to be ideal, mathematically).

Postulates and mathematical translations:
Remember, we are putting everything in terms of an IDEAL gas, from real observations here.
1. At a fixed # of moles AND a fixed volume, the pressure of a real gas will be LOWER than an
ideal gas
a. This is because we are assuming that there are intramolecular forces that are attractive
b. Because they are attractive, we define a term (+a) to be positive
i.
If the gases had electrostatic repulsion, we would make the "a" term negative.
c. The amount of attraction we see will be proportional to the concentration of the gas
(n/v)^2
d. The concentration term is squared because the forces increase exponentially since they
are attracted not to just one point, but to all the other gas particles.
2. Thus we define P_ideal = P_observed + a*(n/v)^2
3. Next, consider this: at a fixed pressure and # of moles, a real gas will have to occupy

more volume than an ideal gas, since the gas molecules/atoms have a volume of their
own.
4. We define a term called 'b' ~ bigness factor. B*n will tell us the volume of all the gas
molecules
a. This term will always be positive, since its volume is always > 0.

5. Thus we define V_ideal = V_observed - b*n
Finally, we can rewrite our equation (PV=nRT):
(P_obs + a(n/v)^2)(V_obs-b*n) = nRT

Kinetic molecular theory of gases
Heat Capacity at Constant Volume & Constant Pressure

•
•
•
•
•

A gas inside of a container with a piston on top will have a total internal energy (U).
Total Internal Energy is a measure of the total kinetic energy of the gas inside the container.
If we were to add energy to the system, we can do that by transferring heat (Q) or doing work
(+W)
ΔU=Q+ΔW
For a gas we can ALWAYS know the change in TOTAL internal energy (U) in serval ways:

•

•

We also know the change in work by using the W=PΔV equation

By knowing how to calculate these values, we can determine the heat capacity of a gas at both
constant volume and constant pressure. The heat capacity tells us how much heat (Q) we must add
to a system to change its temperature. Therefore C = Q/ΔT.
We intuitively know that a system that is free to expand its volume (isobaric) will have a greater
heat capacity than an isochoric system (where we place an immovable piston on the top of the
chamber).
We will derive expressions for both situations.

Isochoric System
We can find the heat capacity at constant volume (C_v). Recall that Heat capacity is the ratio of the
heat transfer to change in temperature (Q/ΔT). We know for a fixed volume, the change in total
internal energy (U) will be equal to Q, since there is no change in volume : ΔU=Q
Therefore we can say C_v = ΔU/ΔT. We always know how to find the change in total internal energy
(U), which is (3/2)nRΔT.
Now the expression becomes:

Isobaric System
The derivation is similar for a chamber of gas where the piston is allowed to move as we add heat.
As heat is added, the piston moves up. So the change in total energy is ΔU = Q - ΔW. We have to
subtract the work in this case, because the system is doing work on the environment.
As before, the heat capacity is Q/ΔT. So let's express Q in its proper terms: Q = ΔU + ΔW. We know
that ΔW=PΔV (since only the volume is changing, P is constant). Therefore Q=ΔU + PΔV.
Our heat capacity expression becomes:

First, we always know the change in in total energy: ΔU = (3/2)nRΔT.
Second, we know that PΔV = nRΔT. So we substitute both expression into our C_p equation. Notice
that our ΔT can cancel out with the denominator, which gives us:

We can add these terms together get:

Once again, here we have a heat capacity for "n" moles of gas. To get the molar heat capacity, just
divide out the "n" to give us C_p=(5/2)R.

Electrostatics
Current and Resistance
Capacitors
Capacitors And Capacitance

•
•
•
•
•
•

Two plates that are separated can carry a charge, and this is essentially a capacitor
When we connect a battery to the capacitor, the -ve charge from one plate will flow towards
the positive end of the battery, and out the negative end towards the other plate
The first place will accumulate +ve charge, and the plate connected to the -ve terminal will
aquired -ve charge.
Current, which is defined as positive flow stops moving once the voltage difference between
the plate is equal to the battery
The current stop flowing because the charge on the plate will repel any more charge flowing
from the battery. This is electrostatic repulsion.
The charge on each plate are equal and oposite in magnitude.

Capacitance ( C ) = Q/V
Q is the charge on one plate of the capacitor (which is equal to the opposite plate). As we add
charge, the voltage increases a proportional amount, so that "C" remains constant. When the
capacitor is fully charged, current stops flowing; the voltage across the plates are equal to the
battery's voltage.

Electrical Potential Energy of Capacitor
When a charge (Q) moves across an electrical potential difference (voltage), there is a change in
energy.
That change in energy is represented by E=QV.
This formula does NOT work for capacitors! The reason is, as charge flows out of the capacitor, the
voltage drops. So as the charge flows (current), it is passing a decreasing voltage. So we know from
calculus that the average voltage that all the charge will see is actually 1/2 V. So the equation
becomes:
E=1/2QV
We also know that Formula for capacitance is C=Q/V. We can say that Q=CV and substitute in the
red equation.
E=1/2CV^2

Using either of these formulas allows us to calculate the electrical potential energy of a capacitor.
But be careful! The voltage across the capacitor is not always the same as the battery!

If we have a more complex curcuit like this one, we cannot just use the battery's voltage. We would
have to perform circuit analysis and figure out the voltage across the capacitor in order to use the
energy potential equations

Magnetism
Electrochemistry
Sound
Sound Properties (Amplitude, Period, Frequency, and Wavelength)
•

Graph
o Represents sound wave
§ If we focus on a single molecule of air, we see it moves back and forth
like a sine or cosine graph
§ Horizontal access

o
o

o

o

o

• TIME
§ Vertical access
• Displacement of that air molecule as it oscillates back and
forth
§ Center line
• Equilibrium position
o Undisturbed position of that air molecule
Turn up volume
§ Oscillations become larger, sound becomes louder
Amplitude=A
§ Maximum displacement of air molecule from EQUILIBRIUM
• Not the entire length, but only from the center line
Period=T
§ Time it takes for air molecule to travel back and forth fully one time
• That’s a cycle
§ Time it takes for a cycle
• Measured in seconds
§ Decrease period
• Increased pitch
Frequency= 1/T
§ Number of oscillations per second (Herz)
§ Higher notes->higher frequencies
§ Lower notes->lower frequencies
§ Humans can hear 20 Hz to 20,000 Hz
• Dogs up to 40,000 Hz
Wavelength (lambda)
§ Distance between compressed regions of air
§ Measured in meters
§ Distance vs. time graph would give us PERIOD
• Interval between peaks
§ Distance vs. position graph would give us WAVELENGTH
• Distance between peaks

Production of Sound
•
•

Oscillation
o Rapid back and forth movement
Diaphragm of speaker

•

o Oscillates back and forth very quickly and causes air in front of it to oscillate
back and forth which causes the air in front of it to oscillate, and so forth
until it reaches the ear drum where oscillations cause your ear to hear
sounds
o AIR DOESN’T ACTUALLY MOVE
§ Transfer of kinetic energy to air drum
• Oscillations are movement of air. These MOVEMENTS have
kinetic energy
• Air is NOT transported (if it were, it’d be wind)
§ The transfer of kinetic energy is SOUND
• Transports energy through a medium and doesn’t carry
medium itself
Why do we sound different in audio/video recordings?
o We hear our voice in the air (when we speak) and also through our bones in
our ear. We hear a combination of this.
o When we hear our recorded voice, the recording machine only records the
sound in the air, thus, it sounds different.
§ People also hear that sound

Relative speed of sound in solids, liquids, and gases
•

Change speed of sound
o Change properties of the medium
§ 1. Stiffness or rigidity of medium
• stiffer medium=faster sound wave
• strong intermolecular forces
§ 2. Density
• more dense medium=slower sound wave
o Formula
§ v=√(B/ρ)
• B=Bulk modulus
o How hard to compress
o Large B (metals)
o Small B (marshmellow)
• ρ= density
o mass/volume
• v=velocity

•
§

example:
• iron
o big B but big density too
§ but rigidity far outweighs its density
o travels faster
• if heat up
o density decreases
§ sound travels faster in hotter air than colder

Why do sounds get softer?
•

Why does the sound seem softer when you are further away from speaker?
o 2 distinct reasons actually
§ Intensity= Power/Area
• Speaker sends out certain power/area
• Same amount of power over greater area
o Sound dissipates
o Ear only gets the intensity not all of the power
• Example
o Person A
§ Standing at distance (d)
o Person B
§ Standing at distance (2d)
o Area=4πr2

§

§ Intensity will be 1/4th if twice as far
• Oversimplification, because speaker won’t be sending waves
in perfect spheres
o But it will STILL be proportional to 1/r2
Attenuation- energy gets lost in medium it’s traveling in
• Power dissipates (lost in air)
• Some energy gets turned into Ethermal of air molecules

(random vibrations)

Decibel Scale
•
•

•
•

Used to describe loudness of a sound
β= 10log10(I/10-12 W/m2)
o I is intensity of sound
§ Power/Area
§ Joules/s*m2
o What is 10-12 W/m2?
§ Threshold of human
hearing
o β=decibels (dB)
Why log?
o Turns enormous numbers to easier/smaller numbers

•

o
Examples:
o Yelling at a friend at I=10-5 W/m^2
§ β= 10log10(10-5 /10-12 W/m2)
• β= 10log10(107)=10*7=70 dB

o

Standing Waves in Closed tubes
•

A pipe where both ends are open,
o Only particular wavelengths allowed
§ Have to have antinodes at both ends

•

•

o
What if close one end?
o Like soda bottle, one end open, one closed
o What possible wavelengths could we set-up?
o Open end
§ Anti-node
• Can oscillate a LOT
o On closed end
§ Node
• No displacement
o Length=L
§ How do we figure out what amount of wavelength?
• 1/4 th of wavelength
• draw out a wavelength and divide it in half and divide it again
• L=lambda/4
• Lambda=4L
o Fundamental wave length
§ L=3/4 (lambda) (amount of wavelengths fitting into it)
• 4L/3=lambda
§ L=5/4 Lambda
• Lambda=4L/5
o Lambda=4L/n
§ n=1,3,5,7, etc.
If L is large (length of tube)àwavelength increasesàdecrease frequency
o Lower note

•

Ultrasound Medical Imaging
•
•

Humans can hear from 20 Hz to 20,000 Hz
o Above this à Ultrasound
Ultrasound
o Transducer
§ Takes electrical energy and turns into sound energy
§ Sends out pulse
• Reflect every time there’s a difference in medium
o Red=blood
o Orange=tissue
• At tissue/blood interface, it gets reflected and comes back
§ Knows when it sends out pulse and when that pulse got reflected
back
• Also knows speed of sound
• Example:
o If it took that long to get back, then it must have
reflected this far away
§ Some of that wave keeps going (goes through tissue) and gets
reflected
• One pulse got reflected again
o Can figure out shapes, lesions, etc.

•
•

Why ultrasound frequency?
o High frequencies, low wavelengths
§ V=lambda(f)
§ Less diffraction
• if wave spreads out, waves curves around corners, image
becomes blurry

When sound source moves at same speed as sound waves

•

•
•
•

On the left image, the dots represent the center of each sound wave. The jet emitting the
sound releases a bunch of point sources of sound, and the waves do not interfere with each
other
On the right image, the jet is traveling at the same speed as the sound waves.
For every point source produced, the wave front will remain with the jet. When another
sound is produced this will constructively add to the wave front.
This point where all the waves constructively interfere is a region of highly compressed air,
and will follow the jet as long as it's speed = wave speed.
In the Doppler equation drawn above, we assume an observer is in front of the jet, and the jet
is coming at the person. This strange wave will hit the person when the jet passes them.
Because the observer is not moving, we don't add anything to the numerator. But because the
jet is moving as fast as sound, the denominator becomes zero. The frequency will be
undefined. However, we can say that as the jet approaches the speed of sound, that wave that
is generated will approach infinity. And if we take the reciprocal, we can say that the period
approaches zero.

Light and electromagnetic radiation
Young’s Double Slit Equation
How to measure the difference in path length? Determine the path length difference based
on what angle we are at.
Put reference line at center to measure from center line to some point at wall. Based on
the angle it makes (, can we determine the path length difference? If we make a right angle
from one line to the other, the difference of the pieces that are not the same, is delta X
(extra length one wave had to travel). Use trigonometry to solve for delta x. The
hypotenuse is d. Delta x is opposite theta. So dsin(theta)=delta x. This leads us to the
Young’s Double Slit formula. M(lambda)=dsin(theta). Lambda is the distance between the
peaks (wavelength). M is an integer value (0, 1, 2, 3, etc.) Can figure out what d is based on
the other variables to figure out how close two holes are.

Young’s Double Slit Problem Solving
Let’s look at an example
•
•

Light of wavelength 700 nm(lambda) shines through a double slit whose
holes are 200nm wide and spaced 1300 nm apart (d)
If screen is placed 3m away from double slit, what will be the distance
from the central bright spot on the screen to the next bright spot?
o Central bright spot
§ follow down in between the slits straight back to where screen
is
o The NEXT bright spot (m=1)
§ is one line over (follow points of constructive interference)

•
•

•

Formula for Young’s Double Slit
o dsin(θ)=m(λ)
Steps
o Draw center line
o Draw line to NEXT bright spot
o θ is the angle in between center reference line and NEXT bright spot
o λ is 700 nm, m=1 (next bright spot)
o solve for theta
§ 32.6 degrees
o We are looking for DISTANCE between central and next bright
§ Tan(theta)=opposite/adjacent
§ Tan(theta)= distance between them/3m
• 1.92=distance between center and 1st bright
What happens if distance between slits decreased?
o Well dsin(theta)=m(lambda)
§ M(lambda) doesn’t change since we are still looking at the
same wavelength and the first bright spot
§ But if d goes down, sin(theta) has to go up
• Sin(theta) will increase if the ANGLE increases
o If the angle increases, the distance between the center and first bright
spot will also increase

Diffraction grating

•

•

•

A challenge is that Young’s Double Slit shows that definitively that light can have
interference patterns, but the bright and dark spots blend in together.
o Distance between bright spots needs to be measured, but they’re smudgy.
The bright spots also die off, so hard to measure.

o
Is there a better way to do it? YES. We make MORE HOLES (slits).
o Make many holes extremely close together (d apart)
o On the wall, instead of getting smudges, we get distinct dots

o
Why do we see a different pattern?
o First wave from first hole to wall and wave from second hole travels to
wall(delta x) more-remember our right triangle
§ 1 wavelength longer (1lambda)
§ CONSTRUCTIVE because peak matches peak
o Third wave (same angle) travels 1 wavelength further than 2nd (path
length difference delta X)
§ 2 wavelengths further than 1st wavelength

STILL constructive (remember m=0,1, 2,3) so it keeps increasing the
amplitude and makes one BIG BRIGHT spot
o 4th wave, and so on
Here’s where it gets tricky
o Deviate SLIGHTLY from constructive point
§ Path length difference becomes (delta x)=1.1(lambda) instead of
1(lambda)
§

•

o
o
o
o
o

First wave 1.1lambda path length
Second wave 2.2 lambda (1.1 lambda path length difference from first)
Third wave 3.3 lambda from 1st wave, etc.
Because they will no longer be at the exact peak or trough, they will be
formed at a different part of the wave for each hole.
§ If continue this, some points will start to interfere destructively with
one another (for example, one peak, one trough) the destructive
nature will cause it to have ZERO intensity.
o Why is this important?
§ It works in our favor NOT to have the smudge since if you’re even
slightly off from the constructive point, it will be destructive (dark
spot).
§ It will CLEARLY mark your bright spots (exactly at constructive
point) and dark spots (slightly off of the constructive point)
§ Multiple holes give us clearly marked and delineated areas
§ More holes also give BRIGHTER lights and can see them further down
§ Name=Diffraction Grating

•

§

How many holes?
o Lines/cm (THOUSANDS)
Relationship of Young’s Double slit STILL holds
• Dsin(theta)=m(lambda) still gives us the constructive points
for a diffraction grading interference

Photon Energy
Light and other electromagnetic waves have waves or particle-like characteristics
•

•
•

•

Particles deposit discrete quantum
o What do we mean by discrete quantum?
§ All or nothing-either we absorb all or none of the energy)
How do we quantify this energy?
Photons carry this discrete quantum
o How do we quantify this energy?
§ Energyphoton= hf
• h= Planck’s constant
o 6.26x10-34 Joules*seconds
• f=frequency of wave
o number of oscillations/second in Hertz

Infrared and UV/Visible spectroscopy
Proton nuclear magnetic resonance
Thin lenses
THIN LENSES
CONVEX LENSES (CONVERGING LENS)
In general, mirrors reflect light. Conversely, lenses transmit or refract light. Concave (diverging) means it
opens inward, like a cave. Convex means it kind of opens outward. And in a convex lens, both sides of
the lens are symmetric.

If light travels thru air and hits the lens (with a higher index of refraction) then the light will refract.
Look at the image below. At the top of the mirror the light rays are diffracted downwards. The rays at the
bottom of the mirror are refracted upwards.
The parallel light rays seem to converge at a point. This is called the focus.

The length from the center of the convex lens to the focus is called the focal length.

if light travels from the left side it will diffract and focus at one point as seen above on the right hand side.
If the light comes in from the right side, it will focus at the same focus point on the left hand side.

Look above. The focal point lies on the principal axis of the lens ( the principal axis refers to the line
passing thru the center of the surface of the lens).
Light rays coming from either side diffuse out in all directions. In the image above, for example, light
coming from the left hand side can pass thru the focal point on the left of the convex mirror and diffract

parallel to the principal axis. The other option is that the light can initially travel parallel to the principal
axis and diverge to the focal point to the right of the convex mirror.
Images that have a length greater than that of the the focal length made by a convex mirror are inverted
and real.

CONVEX MIRROR EXAMPLES
Going to put objects at different distances relative to the convex lens.
If the object (o) is greater than 2f (2 times the focal length), then the image is inverted and
real, but is smaller than the object. (see below)

if the (o) is at a length of 2f, then the image is real, inverted and the same size as the object.

if the (o) is between 2f and f, the image is real inverted and larger than the object.

if the (o) is at the focal point, the eye does not register an image. The eye does not see the
light converging at a single point. The rays are traveling parallel to each other.

if the (o) is less than 1f away from the convex lens, then an enlarged virtual, upright image
will be formed.

CONCAVE LENSES (DIVERGING LENSES)
Again, concave means caving inwards. (principal axis and 2 focal points shown below).
We see two rays below, one that gets diffracted and one that does not. The ray that gets
diffracted diverges away from the principal axis. The other ray does not get diffracted and
passes straight thru the center of the convex lens.
The viewer sees an image that is smaller than the object, virtual and upright.

OBJECT IMAGE AND FOCAL DISTANCE RELATIONSHIP (PROOF FORMULA)
By creating a similar triangle on both sides of the convex lens, a relationship between
object distance (do) image distance (di) and focal length (f) can be expressed.

The following equation was formed based on simple geometric relationships.

After some algebraic manipulation, the thin lens equation can be derived.

This is the thin lens equation:

OBJECT IMAGE HEIGHT AND DISTANCE RELATIONSHIP
Based on more geometric relationships and algebraic manipulation, a relationship
between object image height and distance can be formed

THIN LENS EQUATION AND PROBLEM SOLVING
For converging or convex lenses, the focal length is always a positive value regardless
which focal point we are referencing.
For a concave or diverging lens, the focal length is always a negative value.
The (do) is the distance from the center of the lens to the object. (do) is always positive for
a single lens.
(di) is the distance from the center of the lens to the image measured parallel from the
principal axis. (di) is positive if the image is on the opposite side of the object. The (di) will
be negative if the image is on the same side of the object
Notice these conventions don’t tell us anything about the height of the image. We can
understand image height thru the magnification formula, shown below.

Notice for a concave (diverging) lens, the (di) is (-) which means the magnification is
positive. The sign convention for magnification indicates the orientation of the image
(upright vs inverted). A positive magnification means the image is upright.

Lets take a look at an example of a thin lens problem concerning a concave lens.
Remember that the focal length of objects being viewed thru a concave lens always (-). The
object distance is always positive for single lenses. This creates a negative image distance.

What does di = -6cm mean? It means that the image is on the same side as the object and it
is 6 cm away from the center of the lens.
This does not tell us the height of the image, however. Let’s look at the image above. We
need to use the magnification equation to figure that out. A positive magnification means
that the image is upright and the ¼ means that the image is a fourth of the size of the
original object.
MULTIPLE LENS SYSTEMS

The first step in solving a multiple lens system is to treat each mirror separately. For
example, find the image distance with respect to the convex mirror. The image distance
will then be used as the object distance for the system involving the diverging mirror. This
image that the diverging lens produces is what will be registered by the eye shown on the
right.

The magnification for the first mirror and second mirror can be solved separately.

The total magnification can be found by multiplying the independent magnifications.
DIPOTERS, ABERRATION, AND THE HUMAN EYE
Lenses with a smaller focal length have a greater impact on the trajectory of light than
lenses with larger focal lengths.

Parallel light rays are supposed to be sent directly thru the focal point for a convex lens.
However, this doesn’t always happen. The light that gets sent from the top gets bent more
than the light from the center, so this creates a problem called spherical aberration.
There is another type of issue termed chromatic aberration. This means that different light
colors get bent differently based on their frequency. Blue light gets bent more than red
light because they have a higher frequency.
These two aberrations are important in the development of lenses and have to be taken
into account.
The lens of the eye has a natural concavity. The ciliary muscles stretch the lens to change
where the image is placed on the eye. Some people either see the image too far in front of
the retina or too far back of the retina and therefore experience blurry vision.
Nearsighted people need a diverging corrective lens.
Farsighted people need a converging corrective lens.

Diopters, Aberration, and the Human Eye
Thin Lens equation: 1/f = 1/i+ 1/o
•
•
•

Lens power is the expression (1/f), where f is the focal distance measured in meters
Lens power is measured in diopters.
High powered lens have sharper curvature (smaller radius) and bends the light more
abruptly onto a shorter focal length.

Spherical Aberrations

The problem with the spherical lens, is the light closer to the edges bend the light more (higher
refraction) than in the center. This results in a diffused focusing pattern and will produce a blurry
image. When then assume that the angle is very small, and we produced the thin lens equation.
Spherical lenses have this aberration. Thin lenses do not.
Chromatic Aberrations

Another type of aberration is chromatic aberration. This occurs because light with a higher
frequency, tends to be refracted more than low frequency. Therefore, blue light will bend more and
will experience a higher 'apparent' lens power than red light.
Eyes

In the eyes, the thin lens equation applies.
Our ciliary muscles stretch the lens to decrease increase the focal length (hence decreasing lens
power).
When the muscles relax, the lens returns to its default size (more spherical, smaller radius, higher
power). The image distance (i) should always be directly on the retina. In the eye, this should never
change. Only the object distance & focal power changes when using the thin lens equations.
Nearsightedness
This means that we can only see objects that are close to us. When objects are far away, the lens
produces an image that is in-front of the retina. To make a clear image, we need to increase the
distance this image is projecting so it reaches the cornea. The cilliary muscles will try to pull the
lens to reduce the focal power, which will push the image further back. However, in nearsighted
people, the muscles cannot stretch it enough, so the image still falls short of the retina. To fix this
we give them diverging glasses, which have a negative focal distance. This means the glasses have a
lens negative diopters (focal power). When that is added to our eye's lens power (these properties
are additive), then we can produce the image on our retina.
Farsightedness
This means we can only see objects far away. When close up, the image is projected behind the
retina. Your eyes do not have enough power to refract the image directly onto the retina. This is
fixed by providing converging lenses which add positive diopters to the lens system

Spherical Mirrors
Spherical Mirrors
Virtual Image

An example here deals with a book and a mirror. There is light that is being shown on the
book and the book will reflect the light diffusely. Sal picks 1 point on the book where light
diffuses radially outward towards the mirror.
Remember that incidence angle = reflection angle. The green light ray has a smaller
incidence angle and therefore has a smaller reflective angle compared to that of the purple
ray.
What will the observer see?
The mind registers light rays that diverge from a single point. If we look at a mirror, we see
the green and purple rays converge at a point on the right side of the mirror. The image
registered by the brain is flipped (right to left) as opposed to the original orientation of the
book on the left.
The image on the right is a virtual image. We call it a virtual image since it is not there. We
don’t know if there is physical space behind the image, our brain uses diverging lights and
creates a model in our head to say “that book exists there” even though the light is coming
from the opposite side.

Parabolic Mirrors and Real Images
Parabolic mirrors are in the cross section of a parabola. If you rotate the parabola on its
principal axis you get the image that looks like a bowl shown below. The top of the bowl is
shaped like a circle but the bottom part of the bowl itself is not spherical, but more like a
parabola.

What’s cool about parabolic mirrors are that if we have incident light rays coming in
parallel to its principal axis, it will reflect as so (see below) and come to a single point
called the focus. What’s so cool about the focus? Say you are trying to capture heat from
the sun, you can go to the middle of the desert and you set up a parabolic mirror pointed at
the sun. The sun’s rays come in (for our purposes parallel to the principal axis) so the
energy can be focused on a single point. All the light focusing at a single point serves to be
advantageous say if a water pipe runs through the focus point. This serves as a natural way
to heat water.

Instead of absorbing energy, say you want to diffuse the light or diffuse the energy. For
example, we stuck lightbulbs at the front of a car. What would that do? It would provide
light, but it would shine radially and would blind the driver. When you are driver you want
light to hit the road. How do we do this? We use a parabolic mirror. How does it do that?
Say we put the light bulb at the focus of the parabolic mirror. Light that is radiating away
from the driver is going to travel towards the road, parallel to the principal axis. The light
that is reflecting backward (towards the driver) is going to hit the parabola and be
reflected parallel to the principal axis. If you orient the parabolic mirror properly, you can
change the direction the light is reflected.

Parabolic mirrors form real image as opposed to the plane mirror seen in the “virtual
image” lecture. I will give an example of a parabolic lens projector creating a real image.
Look at the picture below; There is a focal point. There is also a center of curvature.
For a parabolic mirror, the center of curvature is 2X the focal length. This length is 2f from
the vertex of the parabola.

An object (green arrow just left of the center of curvature “labeled c”) reflects light in all
directions but for simplicity we show one light ray moving parallel to the principal axis and
the other traveling straight through the focus. The green and purple rays reflect off the
mirror and converge at a point under the principal axis. This point where the rays
converge is where the real image is formed.
Parabolic mirrors 2
We are going to talk about objects in front of parabolic mirrors and think about what the
images will look like based on how far they are from the vertex of the mirror.
Look below at a parabolic mirror with a principle axis, focus (f) and center of curvature (c)
labeled.

Again, the green arrow is used to represent an object that stands beyond the center of
curvature. The light travels in all directions, but for simplicity sake we choose an incident
ray of light to travel parallel to the principal axis and another to travel straight through the
focus, then reflect off the mirror and travel parallel to the principal axis. Whatever light is
being reflected from the green arrow will converge at the point where the inverted, real
(but smaller) image is formed.

What happens when the object is at the center of curvature? The image will form as
inverted and real, but will be the same size as the original object.

Now stick the object in between the center of curvature and the focus. What happens? The
image is real, inverted, but is larger than the original object. The image will be beyond the
center of curvature.

What happens if the image is at the focal point? We have discussed that for simplicity sake,
that we will take 2 rays, one that travels parallel to the principal axis and reflects through
the focal point, while the other travels through the focal point and reflects off the mirror to
then travel parallel to the principal axis. The issue here is that one of the incident rays
cannot pass thru the focal point since the original object is physically at the focal point. In
this case, we will replace that ray with an incident ray that hits the vertex of the parabola
and reflects at the same angle as that of the incident angle. When the object is at the focal
point, all the light coming off the object from every direction will be made parallel. The
light doesn’t converge to a point to form a real image. The light doesn’t look like its
diverging from a point to the right of the mirror so it won’t form even a virtual image. In
this case, no image is formed when an object is at the focal point.

What happens when an object is between the vertex of the lens and the focal point? In this
case, both incident rays travel parallel to the principal axis and diverge outward. The rays
do not converge to a single point but look to originate from a single point to the right
(behind) of the parabolic mirror. In this case, we are forming a virtual image. It will also be
larger than the original. If you go to a fun house at an amusement park, this is what you see
when you stand in front of a huge parabolic mirror.

Convex Parabolic Mirrors
All the examples we have been doing so far have been with concave mirrors that open up
towards the image. We cared about the inside of the mirror. For concave mirrors, light
would reflect off mirrors, go the focal points and create images.

In this section, we are looking at convex parabolic mirrors. Here we care about the outside
of the mirror or the outside of the bowl if you think of the mirror as a bowl. Here we
assume the reflective surface is on the outside as opposed to on the inside of the mirror.
The focal point is still on the inside of the mirror but the object is on the outside of the
mirror.

Imagine a light source shining light upon an object and the objet reflecting the light in all
directions. For our purposes, the useful light rays are the ones
1) being reflected parallel to the principal axis and
2) the ones that WOULD go through the focus.
So again, the first light ray would travel parallel to the principal axis and reflect in a way
which would seem like the light is coming from the focus. In order to understand this, look
at the yellow line shown in the image below.
The second light ray travels as though it is going through the focus and then reflects
parallel to the principal axis. Look at the purple line below to understand this visually.

The rays do not converge when reflected so a real image is not formed. In this case it looks
as though the rays are diverging from a single point, which indicates a virtual image is
formed. The image is also upright.
The takeaways here are that when dealing with a convex parabolic mirror a virtual image
is formed. The image will also be smaller compared to the object.

Reflection and Refraction
Reflection and Refraction
Specular and Diffuse Reflection
There are two types of reflection, one being specular reflection. Let’s say we are looking
at the surface of a mirror. As an incident ray approaches, it bounces off at the same angle,
essentially, but in the other direction. This ray is called the reflected ray.
This means that the angle of incidence = the angle of reflection. This is a property of
mirrors when specular reflection applies.

The other type of reflection is called diffuse reflection. In this case, the surface isn’t
smooth. It isn’t what we consider to be a mirror surface. Here, the angle of incidence is not
the same as the angle of reflection. The light hits and surface and travels in all different
directions.

in specular reflection, the image is somewhat preserved. Imagine that we are looking at a
snowcapped mountain with a body of water-between us. The body of water serves as a flat
reflective service, so our brain registers an identical image. This is not the case with diffuse
reflection.
Specular and Diffuse Reflection 2
Specular and diffuse reflection can happen at the same time. Let’s take for example an
apple. Some incident rays of light hit the apple and reflect at the same angle as that of the
incident. Again, this is called specular reflection. Whatever the light source was (in this
case let’s say it’s white light from a small bulb), an identical image will be shown on the
apple. We can see this below.

The rest of the apple is red, however. Why? When white light hits the apple, the apple
absorbs every color from the spectrum except red. Whatever is not absorbed is what we
see. Now we can see that red light is diffusely reflected off the apple.
Look at the picture below. Just to reiterate, the light that specularly reflects off the apple
(white dotted arrows) maintains the image, this is why we see the light bulb on the apple.
Most of the light reflects diffusely, however, as seen by the red arrows.

Refraction and Snell’s Law
We have dealt with reflection for the last few videos. Now we are going to be considering
what happens when light doesn’t bounce off the surface of the interphase, but in fact goes
through the second medium. This is called refraction.
Look at the image below. Here the light (incident light) travels in a vacuum and hits the
surface of a body of water with an angle of q1. The light will bend in this case. Instead of
traveling in the same direction, it will bend downwards since light travels slower in water
than it does in air.

Why does the light bend downwards? Think of it like this. Look below. Imagine a car
traveling along a concrete road before traversing into the mud. The right side of the car is
in contact with the concrete longer and therefore moves leftward before fully crossing into
the mud.

Now, light doesn’t have wheels or tires, but it behaves in the same regard.

To get to the next level there is a concept termed smell’s law that we need to be familiar
with. Let’s take for example a vacuum and glass interphase. Say light is traveling at light
speed in a vacuum which is 3x108 m/s with an angle of q1 and hits glass (where the light
travels slower, so it bends downwards) and refracts at an angle of q2. Snell’s law just tells
us the ratio between v1, v2, q1 and q2.

An index of refraction is defined (for any material that people have measured it for) as
the speed of light in a vacuum divided by the speed of light in the medium that the light is
traveling in.

Taking the above index of refraction equation, solving for v, and substituting v into the
equation above that, Snell’s law can be derived with some algebraic manipulation.

Here are some examples of refraction indices of various materials.

The index of refraction of air is approximately 1. The index of refraction of diamond is
larger, meaning that light travels much slower in diamond.
Refraction in Water
A straw is completely straight, but it looks bent when placed in water. Let’s develop an
intuitive understanding of why a straw looks bent in water.
Light travels slower in water and faster in air. Look at the image below. Imagine light rays
coming from a point on the bottom of the straw, traveling upwards. The yellow and purple
rays travel upwards and to the right (think of the car example). Imagine the observer is
where the eye is on the photo, the eye tries to find a point where the light rays converge.
Think of it this way, a person brain registers the light being bent to the right when it
crosses into the air interphase. The brain traces the light as it enters the air and tries to
extrapolate the information backwards. The brain tries to find a point where the light rays
converge, so it may look like the straw is bent but it is, in fact, straight.

Snell’s Law Example 1
Say we have 2 media (air and water) and we know we have a light ray with an incident
angle (relative to the perpendicular) of 35 degrees. We want to know what the angle of
refraction will be when the light hits and enters the surface of water.

We have 3 out of the 4 variables needed for Snell’s law so the unknown can be computed.
We have the index of refraction of air, the incident angle of the light and we have the index
of refraction of water. All we need to do is solve for the refractive angle of light in water.
Remember that the following formula is Snell’s law.

Here are the calculations associated with solving for the refractive angle…

The previous example dealt with light traveling from a faster to a slower medium. This
next example is going to be the opposite case, also instead of solving for the angle of
refraction, we will be solving for the angle of incidence.
Take for example (look below) an incident light ray traveling through some unknown
material in space with an incident angle of 30 degrees and then immediately refracting at
an angle of 40 degrees when entering a vacuum. Take note of the steps involved in solving
for the unknown refraction index.

Since the refraction index is close to 1.29, the light would bend similarly to how light bends
in water (per the refraction index table shown above).
we can also find the velocity of light in the unknown material as follows.

Snell’s Law Example 2
Here, a person is sitting at the end of a pool with a laser pointer. They shine it 1.7 m above
the surface the pool and it travels 8.1 m to reach the surface of the water. The light then
hits the bottom of the water 3m below its surface. Our goal is to try and find the distance
from the edge of the bottom of the pool to the point where the light ray hits.

By finding the individual lengths of the 2 yellow lines, we can find what we are looking for.
We can do this with some simple trigonometry and Snell’s law.
To solve for the longer yellow line, simply use Pythagorean theorem as seen below (we are
setting x equal to the length of the long yellow line).

.
We finally get x = 7.93 m
Now we need to find the length of the smaller yellow line using some basic trigonometry
and Snell’s law.

Look above, we know the lengths of all sides of the triangle so we can use basic
trigonometry to find the angle of incidence (q1).
sinq1= opposite/hypotenuse=7.92/8.1

Now we can use Snell’s law to solve for the index of refraction (q2).

Once we have the index of refraction, we can solve for the length of smaller yellow line.
Lets assume we label the smaller yellow line “y” and solve for it. We can again use basic
trigonometry to do just that.

y = 3.255 m.
Remember, our goal is to try and find the distance from the edge of the bottom of the pool
to the point where the laser hits the bottom of the pool. We need to add “x” and “y” to find
what we are looking for.
The value is approximately 11.18 m from the edge of the pool.

Total Internal Reflection
Imagine if we have a light ray traveling from a slow to fast medium. We are trying find out
at what incident angle a light ray would approach the second medium so that the light ray
would have a refraction index of 90 degrees. This incident angle is what we call the critical
angle. Anything larger than this angle, we will not refract into a new, faster medium, but
rather reflect off the boundary back into the slow medium.
Say we have water with an index of refraction of 1.33 and air above it, with an index of
refraction of 1. For light that is coming out of the water, we want to find some critical angle
(qc) where the angle of refraction is 90 degrees and the light will never escape.
We can use Snell’s law to figure out what the critical angle is. We have all the variables. We
have the indices of refraction for water and air and we know that the critical angle is the
angle at which the light refracts at 90 degrees.

if we have light leaving water at an incident angle of more 48.8 degrees, it won’t be able to
escape the water-air interphase and refract. Instead the incident ray will bounce back. This
is termed total internal reflection. Just as a side note, this is how fiber optic cables work.
Dispersion
In Snell’s law n1sinq1 = n1sinq1
If the second mediums index of refraction increases, the angle of reflection will decrease.
When white light (composed of all visible wavelengths) passes from air into water, the
colors get separated from each other. We call this phenomenon dispersion.
Why does dispersion happen? Its because the indices of refraction for water and most
other materials are actually a function of the wavelength of the light.
When we say that water has an index of refraction of 1.33, we are saying that the index of
refraction is pretty much 1.33 for the entire visible range of wavelengths. However, each
visible wavelength has a slightly different wavelength in water. The index of refraction for
red light in water is approximately 1.33 whereas the index of refraction of blue light in
water is approximately 1.34. For most materials, the smaller the wavelength of the light,
the larger the index of refraction, which means smaller wavelength light will bend more
than larger wavelength light in most material. Violet rays bend the most since they have
the smallest wavelength for visible light.

Atomic nucleus
Atomic number, mass number & isotopes

Isotopes of Hydrogen

(Red = mass; purple = atomic number)
•
•
•

Protium has 1 Proton, no neutron
Deuturium has 1 Proton, 1 neutron
Tritium has 1 proton, 2 neutrons

The mass number is the superscript & the proton number is the subscript.
You can find the # of neutrons by subtracting Z from the mass.
Hyphen notation:
Ie. Carbon-13 means the isotope of carbon with mass 13; C-13 has 7 neutrons
Z = 1; # of protons
Mass = protons + neutrons

Mass Defect and Binding Energy

•
•
•

With a known proton mass & known neutron mass we can predict the mass of the helium
atom
However, the predicted mass is larger than the actual mass
The difference is called the mass defect

This mass was converted into energy when the nucleus was formed.
E=mc^2 (where mass in in kg)
1 amu = 1.66054x10^-27 kg
Einstein's equation can tell us the binding energy by plugging in the mass defect.
Therefore, binding energy is the energy released when a nucleus is formed. A small amount Of
mass Is converted into energy. This binding energy is the same energy we need to break the
subatomic particles apart.

Nuclear stability & nuclear equations
•

Nucleon = A word that refers collectively to a proton or neutron

•
•

electrostatic forces repel protons
The strong force is greater than the electrostatic force, so the nucleus is stable
o Strong force works between: N:P, N:N, P:P

N/Z ratio = 2/2 = 1
When ratio is 1, the nucleus is stable.
But for Carbon-14

The N/Z ratio is greater than 1, because we have more neutrons than protons. Therefore this atom
is
Unstable, and will undergo nuclear decay

This decay gives off an electron(-1), thus raising the proton number by 1, and taking the identity of
Nitrogen. Now, we have an N/Z ratio of 1 (7/7=1) and the element is stable.

The number or Nucleons is conserved, since the mass is still 14.
This process is called Beta(-) Decay
•
•
•
•
•

Occurs for N/Z > 1
One neutron is converted into a proton, one valence electron, and one electron emission
The neutron's conversion into a proton generates 1 electron.
Atomic number goes up, and a cation is formed.
There should be a positive charge on the Nitrogen

However, when we get to higher atomic numbers, around Z=20, the stable N/Z ratio increases to
1.5. This is because at this Z level we have even more protons and more electrostatic repulsion. So
we need more neutrons to overcome the repulsion by providing a strong nuclear binding force.
Once Z is > 83, the electrostatic repulsion is so great, the strong binding force cannot overcome
this. These atoms are radioactive

Types of Nuclear Decay
Beta(-) decay explained in previous section
Alpha-decay
1.
2.
3.
4.
5.

Two protons and two neutrons are emitted from the nucleus, without any electrons
The alpha-particle is really a He(2+) atom
The parent nucleus loses a mass of 4 amu and is decreased by 2 protons
Example: Po --> He2(2+) + Pb(2-)
In reality, the lead just immediately gives up its electrons to Helium.

Beta(+) Decay
1.
2.
3.
4.
5.
6.

A nucleus decides that it will be more stable if a proton became a neutron
This conversion will relieve some electrostatic repulsion
As a proton is converted into a neutron, it creates & emits a positron
A positron is the antiparticle of an electron, same mass (~0) but a +ve charge
The atomic mass remains the same, but Z value reduced by 1
Example: Pb --> Th(-) + e(+)

Gamma Decay
1. An excited atom gains energy, and the nucleons move slightly further apart from each
other.
2. As the atom relaxes, the nucleons move closer to each other.

3. The these nucleons take a more relaxes position, they release excess energy as high
energy electromagnet wave, called a gamma-particle.
4. No change in mass, charge, or Z

Electronic structure
Periodic Table
Stoichiometry
Balancing chemical equations
Redox Reactions
Unclassified
Bond dissociation energy as related to heats of formation
Both Bond dissociation Energy BDE & Heats of Formation (HF) can be used to determine
the Heat of reaction of a chemical equation. First understand the following definitions:
•

Heat of Formation is the change in energy when forming a compound while starting
from atoms in their natural molecular form (i.e hydrogen is found as H2 naturally).

•

Bond Dissociation energy is the energy required to break a chemical bond evenly
(one of 2 electrons goes to each species), forming a radical usually)

Now the Heat of Reaction is most similar to the Heat of Formation, except it tells us the
change in energy when forming a compound -- but instead of all the reactants being atoms
in their natural form (where Hf=0), these components are in some other form (i.e ethanol)
and they have a non-zero Hf. Sometimes there will be some atom in its natural molecular
form on the reactant's side, in which case this species can be ignored because Hf=0.
ΔHrxn = - ΔHf_(Reactants)+ ΔHf_(Products)
I wrote this a little backwards from what you normally see in textbooks to make a point. This
equation is telling us that the heat of reaction is the energy required to break the reactants down
into their natural atomic/molecular forms, plus the energy needed to re-combine these
components into the product

Enthalpy will always look something like: Energy of disassembling the Reactants + Energy of
Reassembling .
Heat of formation is already telling us about the assembly process. So by making it negative we are
now talking about the disassembly.
We can also calculate the Heat of Reaction using bond dissociation energies. Unlike Heat of
Formation, BDE tells us about the energy needed to break the bond (disassembly process). Once
again our enthalpy of reaction will be energy of disassembly + energy of assembly.
ΔHrxn = BDE_(Reactants) - BDE_(Products)
The difference here is that we adding the negative BDE sum of products; this tells us the energy
required to form the bonds in the products.

Shockwaves

When a jet is moving at the speed of sound we produce a "wall"
•
•
•

This wall is highly pressurized and is the constructive interference of many sound waves
This wall will appear at the source (i.e a jet)
The region of constructive interference is essentially a circular wall that is infront of the jet

Once the jet breaks the sound barrier…we see a shockwave
•
•
•

The region of constructive interference is no longer a wall
It is a 3-D cone. The lines drawn are the region of constructive interface
This is a shock-wave

Each sound wave originates from a point, and expands radially outwards.
You can draw a triangle for any of these circles (waves) and it will contain the same information,
which I will explain…
•
•
•
•

•
•

The hypotenuse tells us the distance the jet travelled during some time interval
The 'opposite' line of the triangle tells us how far a sound wave travelled from its point
source in that same time interval.
These two values are related to the speed of sound and the speed of the jet!
Sin(Theta) = (Sound_speed)/(Jet_speed)
o Technically, these should be (distance of sound/distance of jet), but the time factor
cancels out and leaves us with speed instead; distance = speed * time
By knowing the sound of speed, and the angle of the shock wave, we can calculate the jet
speed.
The faster the jet is going, the more narrow the cone will be (smaller theta)

