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VECTORS

Shows Magnitude and Direction
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Basics of Vectors

• Magnitude = Length

• Direction = Acute angle with respect 

to the horizontal

• Initial point- where vector starts

• Terminal point- where vector ends

• Standard Position – vector starts at 

origin

Adding Vectors:

“Head to Tail” 

Vector U + Vector V= U+V

Subtracting Vectors: 

“Tail to Tail”

Vector U – Vector V= U-V
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How are vectors applied to Physics?

Resultant Forces:

Combination of 2 or more forces in the same plane.

F
resultant

=F
1

+ F
2

+ …. + F
n

Example 1:

F
resultant

= (10) + (20) = 30 N

Example 2

a. F
resultant

= (-20) + (40) = 20N

b.   F
resultant

= (-20)  + (20) = 0 N

Forces acting on objects are vectors!



Friction:

A force that holds back the 

direction of movement. 

Solids only

Resistance occurs in gases and 

liquids

Example:

X- Direction:

F
net

= F
1
+ F

2
-F

friction



Speed vs Velocity

Distance vs Displacement

Speed – Distance traveled per 

unit of time

Velocity- Speed in a given 

direction

Acceleration/ Deceleration –

Change in velocity  over time

Distance -"how much ground 

an object has covered" during 

its motion.

Displacement -“How far out of 

place an object is”

It is the object's overall           

change in position.



All moving objects have momentum (p)

p=m x v

Gravity

• Gravitational Force- acts on all 

objects

• Varies with MASS 

• F
g
=m x a

g

• Acceleration is CONSTANT 

• a
g

= -9.8 m/s
2

• Weight – determined by pull of 

gravity (weight different on 

Earth than moon)

Force Diagram

Density = mass 
volume

Conservation of Momentum:
“Total momentum of an isolated system is always constant. 

During a collision between two bodies, the momentum of 
each body changes, but total momentum is conserved.”



Question:

Weight and Mass

A. Represent the same data

B. Are the same

C. Are the result of external forces

D. Are different



Question: 

A vector is in standard position when the initial 

point is:

A. At the origin 

B. Along the x axis

C. In the lower left quadrant

D. Along the y axis



Question:

The Law of Conservation of Momentum states:

A.Mass has no effect on momentum

B.Velocity is dependent on momentum

C.Without outside forces acting on moving 

objects, the total momentum remains 

constant

D.None of the above

p=m x v



MECHANICS

The Study of Motion



Machines  

Simple machines – Change magnitude or 

direction of a force.

Types: 

1. Inclined Plane

2. Wedge

3. Lever

4. Wheel and Axle

5. Screw 

6. Pulley

Compound Machine

• Machines make work easier.

• No machine can be 100% efficient

due to friction. Some energy is

always lost (heat).

• Efficiency - ratio of work in to

work out.

• Requires only force of a human to do work



Energy

Energy (E)- the ability to do work.

Measured in Joules (J)  J=N
.

Kinetic Energy (KE)

•Energy in Motion.

•Ability to do work by moving other bodies.

KE= ½ mv2

Potential Energy (PE)

•Energy stored in body due to its position.

•PE greater on roof of building vs first floor.

PE = mgh

Work (W)

•Transfer of energy that makes object move

Work= Force X Distance

m

Power (P)

•The rate at which work is done.

Power = Force X Distance = Work
Time                   Time

Energy cannot be created or destroyed





Hooke’s Law:

The Law of Elasticity

The force needed to stretch or compress a spring  some distance s 

proportional to that distance.  

F=-kx



Hooke’s law movie:
https://www.youtube.com/watch?v=dnebaW-a338



Question:

Machines may be used for all the following 

purposes except to:

A.Multiply Force

B.Increase Energy

C.Transform Energy

D.Multiply Velocity 



Question:

A mom and her ten year old child lift identical

bowling balls from the floor to the top of a table.

Which person did the most work?

A.Mom

B.Child

C.Both worked an equal amount

D.Not enough information

Work = Force X Distance

Force = Mass X Acceleration



NEWTON’S LAWS

Inertia 
.
F=ma 

.  
Action-Reaction 



Newton’s First Law of Motion: 

INERTIA

An object in motion continues in motion with the same speed and in the 

same direction unless acted upon by an unbalanced force.

An object at rest stays at rest unless acted upon by an outside force.

Inertia - resistance an object has to a change in its state of motion.

Inertia increases as mass increases. 



Newton’s Second Law of Motion: 

F=ma

Force = Mass X Acceleration

Acceleration of an object is dependent upon two variables –

the net force acting upon the object and the mass of the object.



Newton’s Third Law of Motion: 

Action/ Reaction

For every action, there is an equal and opposite reaction.

In every interaction, there is a pair of forces acting on the two interacting objects. 

The size of the forces on the first object equals the size of the force on the second object.



https://youtu.be/mn34mnnDnKU

https://www.youtube.com/watch?v=mn34mnnDnKU

https://youtu.be/mn34mnnDnKU
https://www.youtube.com/watch?v=mn34mnnDnKU


Question:

Newton’s Law is used in the study of:

A.Mechanics

B.Electricity

C.Thermodynamics

D.Optics



A force of 5.0 N causes an object to accelerate at 5m/s
2
. 

What is the mass of the object?

A. 0.4 kg

B. 2.0 kg

C. 1.0 kg

D. 25.0 kg

F= m X a

5N= m X 5m/s
2

m= 5N/ 5m/s
2

m= 1.0 kg



WAVES

Disturbance that Flows through a Medium



• Transverse Waves- vibrates at right 

angle to direction of travel. (water, 

light)

• Longitudinal Wave- vibrates along 

path wave travels. (sound)

Two Types of Waves:

Parts of a Wave:

• Amplitude- Max distance 

wave rises or falls. ENERGY 

(brightness, loudness)

• Frequency- How often a 

cycle (period) repeats itself. 

Measured in Hertz (Hz)



Light Waves- Electromagnetic waves 

made up of Photons. 

ELECTROMAGNETIC SPECTRUM-

Complete spectrum of light

Visible Light – Small portion of 

electromagnetic Spectrum

ELECTROMAGNETIC SPECTRUM:

ELECTROMAGNETIC WAVE

Electromagnetic waves are 

Transverse waves that carry 

charged particles  (light, 

microwaves, etc.) 

Motion of particles is 

Perpendicular (      ) to the 

direction of wave motion



Doppler Effect:

Change of frequency of a wave in 

relation to the observer moving 

relative to the source.  

• Sound Waves are longitudinal.

• Pitch of a sound wave deals with its 

frequency.

• Loudness is determined by the 

wave’s amplitude



<iframe width="560" height="315" 
src="https://www.youtube.com/em
bed/h4OnBYrbCjY" 
frameborder="0" 
allowfullscreen></iframe>

https://www.youtube.com/watch?v
=h4OnBYrbCjY

https://www.youtube.com/watch?v=h4OnBYrbCjY


Question:

The number of complete waves passing a given 

point per unit of time is:

A.Frequency

B.Crest

C.Wavelength

D.Period



Question:

An electromagnetic wave can be represented by:

A.Microwaves

B.Sound Waves

C.X-Rays

D.Radar Waves

E. A,B,C

F. None of the Above



OPTICS

Behavior of Light



The Study of Light

Light is made of PHOTONS

Light is an Electromagnetic Wave

Speed of Light (c) = 3.0 X 10
8 
m/s

Light behavior is affected by the 

medium it hits:

1. Transparent – all light through (clear 

glass, clear water)

2. Translucent – Some light passes through 

(stained glass, cloudy water)

3. Opaque – light absorbed or reflected 

(wood, metal)



When light hits a medium, it can do three things:

Dispersion Reflection Refraction

Separate Light into 

different colors

Change in the angle of 

refraction

Uneven Surfaces scatter 

light (Diffusion)

Regular Reflection-

Reflected with minimal 

diffusion 

Bending of light as it 

goes to another 

medium with 

different density. 



Lenses Law of Reflection:
The angle of incident is equal to 
the angle of reflection; the 
incident, reflected, and normal 
rays all lie in the same plane. 

• Lens- Any transparent material 

that refracts light.

• Focal Point- Point 

where light rays meet. 

Convex Lens:

• Thicker in center than the 

edges

• Light bends in toward center

• Images are bigger than the 

object

Concave Lens:

• Thicker on edges than middle

• Light diverges (bent toward 

thicker part of lens)

• Images are smaller than the 

object





Question:

A particle of light is called:

A.Proton

B.Positron

C.Photon

D.Electron



Question:

In Einstein’s equation E=mc
2

what does the c 

represent?

A. Quantum numbers of atoms involved

B. Number of coulombs

C. Number of calories of heat

D. The speed of light



A stained glass window is an example of 

which type of material:

A.Translucent 

B.Transparent

C.Opaque

D.All of the above



ELECTRICITY

Flow of Electric Charge



Two types of electric CHARGE occur:

Positive (+) and Negative (-)

Like charges repel 

Unlike charges attract

Coulomb’s Law:

Electric force between two charges is 

proportional to the product of two 

charges. 

• If one charge doubled, electric force 

doubled.

• If both charges doubled, charge increases 

4X.

• When distance between charges doubles, 

force decreases by ¼ of the original force.

• When two forces are brought closer 

together, force increases. 

Electrical  Potential Energy-

Gravitational force associated 

with objects position

Potential Difference-

Change in electrical potential 

energy

Static Electricity-

Accumulation of extra electrons 

creating a negative charge. 



Circuits

•Current is measured in Amp or A 

•Voltage is measured in Volt or V 

•Resistance is measured in Ohm or W

Schematic- “recipe” for how to build a circuit

1. Type of material

2. Length

3. Temperature

4. Thickness

Examples of Components in Schematic:

Factors that affect resistance in a 

conductor:



Series Parallel 

Current- Same through each component

I = I1 = I2 = ... = In

Voltage- Same through each component

V = V1 = V2 = ... = Vn

Current- Sum of all currents through 

component 

Voltage- Sum of Voltage across each 

component 

ET
= V1 + V2 + ….

RT = R1 + R2 + … 

V=IR IT= I1 + I2 + …..

RT=1/RT = 1/R1 + 1/R2 + ….





Question: 

The current in a parallel battery is equal to:

A.The current in the largest battery

B.The difference of the largest and smallest battery

C.The sum of all battery components

D.Current minus resistance 



Question:

The resistance of a wire is dependent on all 

the following except: 

A.Length

B.Temperature

C.Voltage

D.Material

E.Cross-Sectional Area

Factors that affect resistance in 

a conductor:

1. Type of material

2. Length

3. Temperature

4. Thickness



MAGNETISM

Magnetic Fields





-Material that produces a magnetic field

-A force of attraction

-North and South pole

-Attracts opposite

-Repels similar

-Exist whenever electric charges are moving

-Overall strength measured by Magnetic Flux (F)

-Magnetic Field (B) is the density of Magnetic Flux

-Vector Field

Iron shavings following a magnetic field

Magnets

Magnetic Fields



Electromagnets

A coil of tightly wrapped wire (solenoid) 

around an iron core.

When current passes through the core, 

iron acts as a magnet.

When the moving charges are in a wire that 

loops, a torque results.

Converts mechanical energy into electrical 

energy.

Generators



Question:

To strengthen an electromagnet:

A.Decrease the number of coils around core

B.Increase the number of coils around core

C.Lower the voltage

D.Change core from Iron to Aluminum



Question:

What will determine the presence of a 

magnetic force field:

A. Compass

B. Iron Nails

C. Magnet

D. All of the Above



THERMODYNAMICS

Physical Properties on the Molecular Level



Thermodynamics

Branch of physics concerned with

heat and temperature and their

relation to energy and work.

Kinetic Theory of Matter:

(Atoms in Motion)

Atoms in matter are in a constant

state of motion. The motion and

spacing of atoms determines the

state of matter.

Temperature- average KE of particles 

in substance.

Pressure- impulses of molecules 

colliding with wall of a container. 

Specific Heat- energy needed to raise 

temperature of one gram by 1
o

Latent Heat- heat energy needed to 

create a phase change.



Phase Diagram:

The Perfect Gas Law:

PV=nRT

Boyle’s Law: hP iV :: iP hV

P1V1 = P2V2

Charles's Law: hV hT :: hV hT

V1 = V2
T1    T2





Question:

The vaporization of solid dry ice to gaseous carbon 

dioxide by heating is an example of:

A.Sublimation

B.Evaporation

C.Precipitation

D.Condensation



Question:

The heat required to melt 1 kg of a solid is the:

A. Heat of Evaporation

B. Heat of Fusion

C. Heat of Vaporization

D. Specific Heat
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