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Physics 12 
 

Topics 

 Vectors  

 Fields 

 Current Electricity  

 Dynamics and Statics (Forces w/ Angles)  

Momentum, Projectiles and Rotational Motion  

 
To be successful in this course you need to have a solid understanding of 

 - scientific notation 

 - vectors/basic trig (we will be using radians later)  

 - the need to work out the problems yourself 

 - the need to do all the assignments  

 

Review  

 
1.  Scientific Notation 

All answers must be written in proper scientific notation. 

Ex.  3.478 x 108  (correct) 347.8 x 106 (Incorrect) 

 

Changing to proper notation 

    - there should be one number (1-9) followed by a decimal 

    - if you move the decimal place to the right (make the number smaller) you need to  

    add to the exponent (make it bigger) 

    - the opposite is true when moving the decimal to the left 

 
Example V.1:  Change the following to proper notation 

 
1.   4693.23 x 106    =  4.69323 x 109 

 
2.   927.6  x 10-17       =  9.276 x 10-15 

 
3.   0.00834 x 108    = 8.34 x 105 

 
4.   0.000386 x 10-31   =  3.86 x 10-35 

 
Using your calculator 

Remember to use the EXP or EE buttons (know where they are and how to use them) 

 
4213.99 x 109  is 4213.99EE9 and will give you 4.213  12   which means  4.213 x 1012 
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Multiplying/Dividing in Scientific Notation 

Your calculator will do it but if multiplying then multiply the numbers and add the exponents 

For dividing you divide the numbers and subtract the exponents 

Examples 

3.0 x 106  x 4.0 x 108  =  (3.0 x 4.0) x 106 + 8   = 12.0 x 1014  = 1.2 x 1015 

 
1.50 x 10-21 /  3.0 x 10-5  = (1.50 / 3.0) x 10-21 - -5 = 0.5 x 10-16 =5.0 x 10-15 

 
Adding/Subtracting in Scientific Notation 

- The exponents must be same, safest bet is to use your calculator 

 
Converting Units 

- you should know how to do it. Refer to your Grade 11 notes if you don't (you still have them 

right?) 

 
remember  km/h  ->    m/s       3.6 

                      m/s  ->     km/h    x  3.6 

 

Basic Trig Functions 

- We use them to determine Horizontal and Vertical Components of vectors 

 

sin  = opp  =  vertical (y) 

            hyp      hypotenuse 

 

cos  = adj  =  horizontal (x) 

            hyp      hypotenuse 

 

tan  = opp  =  vertical 

            adj       horizontal 

 

 

 

We will rearrange the above equations to be able to solve for the horizontal and vertical 

componentsof forces, momentums, velocities, etc., at angles. 

 

Vertical component (y - comp)    Horizontal component (x-comp) 

     

y = hyp sin       x = hyp cos



*Your hypotenuse is the magnitude of the vector in the question.  If you are using forces it is the 

force.  If you are using displacement it is the displacement 
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Example V.2:  A force of 100N is applied at an angle of 300.  Determine the x and y components.  

Always include a sketch. 

 

* Note: We will be measuring our angles from the horizontal.  As such 

the y-component is always with sine  and the x-component is always with cosine. 

 
This concept will work for any angle and it automatically gives you the negative so that you 

don't have to guess.  You should be able to tell whether the components are positive or negative 

based on the angle. 

 

For example in this triangle the x-component would be negative  

and the y-component is positive. 

 
Since we are measuring from the x-axis we ALWAYS draw the X- 

component first. 

 

Vectors 

 
vector - has magnitude and direction 

 - can represent displacement, velocity, force, electric field intensity, momentum, etc 

 

We will be using vectors extensively but they are not difficult 

There are two ways to solve vectors: 

1. graphically 

2. mathematically 

 
We can use this method to solve when several vectors are acting simultaneously and we are 

trying to determine the resultant vector 

 
resultant - is the vector that would give the same final displacement as all the vectors added       

together 

 

Adding Vectors Graphically 

- you need a ruler and a protractor as they must be drawn accurately 

- choose a starting point and a scale (for example 10N = 1cm) 

- start by drawing the first vector (since you are adding the order doesn't matter) 

- from the head of the first vector draw the second vector (each vector must be drawn with the  

protractor set so that the 00 is pointed directly to the east(right) 

- continue until all vectors are drawn 

- draw a vector from the start point to the end point.  This is the resultant 

- measure the length and angle of the resultant (remember to convert the length back to the  

proper units from your scale) 

equilibrant - a vector that is equal in magnitude but in the direct opposite direction (1800) 
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Example V.3:  Jacob goes for a walk.  He starts out heading east for 30m.  He then heads north  

for 40m and finally he turns and walks at 1350 for 60m.  Determine his resultant displacement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example V.4: Three people are pulling on the same item at the same time.  Jack is pulling with a 

force of 400N at 400.  Angela is pulling with 300N at 1100.  Chris is pulling with 700N of force 

at 2600. Determine the resultant force and the equilibrant force.  Remember to include the 

directions. 
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Example V.5:  Determine the resultant when the following 4 forces act simultaneously.   

1- 6000N at 100 

2 - 4500N at 800 

3 - 7000N at 2000 

4 - 2500N at 1100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adding Vectors Mathematically 

Create a table that has a column for the vector, and two other columns - one for the y-

component of the vector and one for the x-component of the vector 

Break each vector into its x and y components by using sine and cosine (remember x - cos, y - 

sin) 

- Add all the x-components together 

- Add all the y-components together 

- Sketch a triangle with the total(net) x and y components as the sides and determine the 

hypotenuse  

and the angle between the horizontal (using tangent) Remember to include negatives here. 

This gives the magnitude and reference angle of the resultant (You must draw the triangle)  

- determine the actual angle of the resultant using the following chart  

Note : draw x first, then draw y second and then close in the triangle with the resultant 

(hypotenuse) 
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Example V.6:  Jacob travels 30m at 0o, 40 m at 90o then 60 at 135o 

 
Solution: 

Vector   Y-component   X-component  

30m at 0  30sin 0   30cos 0  

    = 0    = 30.00  

40m at 90  40sin 90   40cos 90  

    = 40.00   = 0.00  

60m at 135  60sin 135   60cos 135  

    = 42.43   = -42.43  

    Net   82.43    -12.43  

 

Draw the resultant triangle by drawing the net sum of the x-components first and then the net of 

the y-components second.  Complete the triangle by drawing the hypotenuse (a.k.a the resultant)  

ALWAYS DRAW THE TRIANGLE  

 

Find the length using Pythagoras Theorem 

R2 = x2 + y2     tan  = y    Actual ref  

R2 = (-12.43)2 + (82.43)2              x             Actual - 81.42 

R2 = 6949.21     tan  = 82.43    Actual 

R = 83.36                12.43 

tan  = 6.6315 

 = tan-1(6.6315) 



 



 

The resultant is 83.36m at 98.580 

 
Note :  The angle we have found is the reference angle in the triangle but it is not the angle that 

the vector is pointing at. 

 

Finding the actual angle of the resultant 

Sketch the triangle 

Determine the quadrant (this is why we draw  

   the x and then the y) 

Determine the reference angle using tangent and 

   ignoring the negatives 

Use the reference angle and the chart below to  

  determine the actual angle 
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Example V.7: Thomas applied a force of 60N @ 100 to a mystery object.  Larry applies a force 

of 45N @ 800 at the same time.  Rhonda joins the party and applies a force of 70N @ 2000.  A 

fourth masked person (witnesses described someone who looked a lot like Batman) applies a 

force of 25N@ 1100.  Determine the resultant force and angle. 

 

 

 

 

 

 

 

 

 

 

 

Vectors with Scalars 

 
Sometimes we use a vector, such as velocity, with a scalar, such as time, to find a different value 

- in this case displacement 

- in order to work with multiple velocities they either a) must act on the same object 

simultaneously or b) must happen in two different times (drove in one direction then another) but 

the times must be exactly equal  - OTHERWISE find displacement.  See example below 

 
Note: Remember we use x = xo + vt   to with displacement 

 

Compass directions 

- measurements that would be used on a compass 

- angle is never more than 450 

- always stated by the compass heading that is the closest 

- for example W 250S means it is looking west then you go 

  25 degrees toward the south direction 

- another example might be N 400E - which means looking  

   north then you turn 40 degrees to the east  
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Example V8 : A hot-air balloon racer is in the air and drifts with the wind at a rate (velocity) of 

24 km/h [E400N] for 2 hours.  The wind shifts, causing the racer and his balloon to drift south at 

a rate of 40 km/h for 2.5h.  a)  Determine the balloon's displacement for the flight (Express in 

compass direction)  b) What is the racer's average velocity for the trip [Express in compass 

direction].  NOTE: We have to convert to displacement first since the times are different. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Finding a Missing Vector if you Know the Resultant 

 

Example V.9:  Three friends have decided to hook their trucks together and see where they will 

end.  Determine the force that the third truck applies if the resulting force and direction is  

4172.12N @ 246.38. The following is the force each truck can apply and the angle the force is 

applied at: 

Truck 1:  8000N at 450 

Truck 2:  9000N at 2000 
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Example V.10: A small airplane is heading pointing due north and travels with a velocity of  

45.0 m/s.  However, due to the wind the plane ends up with a velocity relative to the ground of 

38.0m/s at direction of N200W.  What direction is the wind blowing? 

 

 

The plane is pointing toward the north but the wind is  

continually pushing it such that it looks, from the ground, 

like it is going at the direction that is stated. This is the  

resultant direction of it's velocity and the wind pushing  

on it.  Therefore we are looking for a missing vector not  

the resultant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resultant and Equilibrant 

 
- resultant is the result of all the forces applied, the displacements travelled, etc.   

- equilibrant is the force, displacement required to bring everything back to zero or into 

equilibrium 

- the resultant always has an angle between 00 and 3600 

- the equilibrant is the same so  

 if the resultant is less than 1800 you will need to ADD 1800 to find the angle 
 if the resultant is more than 1800 you need to SUBTRACT 1800 
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Vectors, Cosine Law and Sine Law 

 
-  if you have two vectors you can use the Cosine Law to find the resultant. 

- you do not need to use this method unless you want to or you are doing Level 1  

 

Cosine Law      Sine Law 

a2 = b2 + c2 -2bc cosA      a     =    b    =  c 

sinA     sinB   sinC 

 

 

Example V.11:  Two forces are applied.  The first is 40N at 200 and the second is 30N at 1200.  

Determine the 

resultant 

 

 

You need to use the calculated inside angle of 800. 

a2 = b2 + c2 -2bc cosA 

a2 = 402 + 302 -2(40)(30) cos (80) 

a2 = 1600 + 900 - 416.76 

a2 = 2083.24 

a = 45.64 

 

 

Work Backwards using the cosine law or use the sine Law to find 

the angle.  Remember that this is the inside angle so you will  

need to add the outside angle. 

 

Since we want C and we have A 

  a       =  c 

sinA     sinC    

 45.64   =  30 

sin80       sinC  

sinC = 30sin80 

   45.64 

C = sin-1(0.6473) 

C = 40.340 

 

Angle of the resultant is 40.34 + 20 = 60.34 

The resultant is 45.64 at 60.340. 

 

 

 

 



 

13 
 

Vector Algebra 
 
Vector algebra is used in university physics and therefore touched on here.  The concept 

is essentially what we have been doing but we express our answers in a different form.  We can 

express a vector as its components 

 
v = vx + vy = vx i + vy j 

 

To apply this concept.  The resultant of the addition of two vectors is what we have been talking 

about so far.  We could write it in basic form as 

 

R = A + B   if A and B are at angles then they need to be broken into x and y 

 

R = Ax + Ay  + Bx + By we have rewritten it in its components 

 

R = (Ax + Bx)i + (Ay + By)j     we have combined the x components just as we did when we 

found the sum of the x-components and the sum of the y-

components 

 

Example V.12 Using example V.6 write the resultant in i, j form. Example 6:  Jacob travels 30m 

at 0o, 40 m at 90o then 60 at 135o 

 

This was the solution: 
Vector   Y-component   X-component  

30m at 0   30sin 0    30cos 0  

    = 0    = 30.00  

40m at 90  40sin 90   40cos 90  

    = 40.00    = 0.00  

60m at 135  60sin 135   60cos 135  

    = 42.43    = -42.43  

    Net   82.43    -12.43  

 

 

We could write it as: 

R = A + B + C  where A is the first vector, B is the second vector and C is the third 

 

R = Ax + Ay + Bx + By + Cx + Cy 

 

R = (Ax + Bx + Cx)i + (Ay + By + Cy)j  Since we know the value we can put them in 

 

R = (30 + 0 + -42.43)i + (0+ 40+ 42.43)j    Note these are the net values of the x and y, except this 

R = -12.43i + 82.43j                                         is the final answer.  We don’t need to find the resultant or 

angle. This is the end, the rest is math.  In university they use 
this method to see if you can solve the problem without 

wasting time on the math part. 
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Vector Subtraction 
 

Sometimes we need to subtract vectors instead of add them.  A common scenario is for 

calculating acceleration.  If an object moves in a circle at a constant speed its direction is always 

changing.  Since acceleration is a change of speed or direction we can find acceleration even if 

the speed stays the same.  Remember acceleration is the change in velocity divided by the time.  

So how do you subtract vectors?  Check out the examples below. 

 

Subtracting vectors is the same as adding except you turn one of them into a negative vector.  

For example if you wanted to solve the following situation it would go as follows: 

 

R = A – B 

 

R = A + (-B) 

 

This would be fairly easy mathematically.  Whatever the B vector components are you just make 

them the opposite.  If you are solving graphically you do everything the same as we did for 

adding but you draw the second vector in the opposite direction (1800). 

 

Example V.13 Two vectors are as given: 

A is 40m at 900 and B is 50m at 1800.  Determine the resultant of A – B. 

 

   x-comp y-comp 

A 40m @ 90                    0   40    

 

B 50m @ 180  -50   0 

 

   50   40 

 

 

At this point we have two choices.  1) A – B or 2) A + (-B) 

If you are subtracting put a (-) out front of vector B or if adding the negative change the angle.  

 

If doing graphically we draw B in the opposite direction but we still add. 

 

NOTE: If doing something like acceleration where we use velocity we doing V2 – V1.  

Remember acceleration is final velocity minus initial. 
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Fields and Forces 
 

 

Fields 

We will be looking at electrostatic, magnetic and gravitational fields 

A field will exert a force of attraction or repulsion on other objects in the field 

 -All of these fields have forces which follow the Inverse Square Law 



 
Inverse Square Law 

The force of attraction/repulsion between two objects is inversely proportional to the square of 

the distance between them.  The greater the distance between them the weaker the force.  When 

we talk of proportionality we assume all other variables in the equation stay constant and we 

look at the effect that one particular variable has on another variable in the equation. 

 

F  1           F = force  

               r2   r = distance between the objects 

     = Proportional (we assume all other variables stay the same) 

 

Example F.1:  Two objects are 4m apart.  Find the force difference if they are moved: 

a) 12m apart 

b) 1 m apart 

 

 

 

 

 

 

 

 

 

 

Brief History of Electrostatics (Static Electricity) 
 
Charles Coulomb (real name) is credited with some of the first discoveries in electrostatics.  He  

used some pith balls (similar to Styrofoam) and a static charge to determine the force between 

charged particles.  Without going into the details he came up with Coulomb’s Law.   
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Coulomb’s Law 
 - used to determine the force between charged particles  

 

FQ = kq1q2    FQ = electrostatic force (N) 

   r2    k = Coulomb’s constant (9.0 x 109 Nm2/C2) 

 q1= charge of first object (C) 

 q2 = charge of second object (C) 

 r = distance from the center of a charged sphere (m) 

 

** Since 1 Coulomb can generate a substantial force we work in C (micro coulomb = 10-6C) 

*If the charges are the same then they will repel each other 

*If the charges are opposite then they will attract each other  

* All the charges on a sphere will spread evenly around the surface of the sphere but acts as if  

all its charge is concentrated at the center 

 

Example F.2: Two charged spheres are placed near each other.  The force is 5N and it is an  

attractive force.  What is the charge of the second sphere if they are 0.85m apart and the first 

sphere has a charge of 12C? 

 

 

 

 

 

 

 

 

 

Example F.3: Determine the force between the charges in the above example if they are moved 

such that they are 1.70m apart. 
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Special Situation - Two charged Spheres touched together 
 
 When two spheres with different charges are touched together they will reach equilibrium such 

that each sphere will have the same charge.  To determine the charges after contact add the 

amount of charges together and divide by 2. 

 

 

 

 

 

 
*Each positive is balanced by a negative and 

therefore balanced.  In this case it will leave 2 positive  

charges which will split between the two spheres. 

 

Forces with 3(or more) Charged Objects 

2 Types: 

 1.  All objects in a straight line.  Find the force between pairs and determine the 

      net force and state the direction using your knowledge of attraction/repulsion 

 2.  Objects are not in a straight line.  We need to find the force and direction between 

       pairs and determine the net force and direction using vectors.   

 *Vectors can be used to solve type 1 also 

 

Objects in a straight line 

 

 

 

If we are trying to find the force B 

- determine the force between A and B  

- determine the force between B and C 

- determine the net force on B (use the signs to determine attraction/repulsion and the direction 

of  the force) 

 

Remember : Fnet = Sum of all forces = forces to the right - forces to the left 
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Example F.4  Three charged spheres are aligned in a horizontal line.  The first sphere has a  

charge of 10C, the second has a charge of -15C and is located 25cm to the right of the first  

sphere. The third sphere has a charge of -20C and is located 60cm to the right of the first  

sphere.  Find the net force and direction on the second sphere, include a diagram. 

 

 

 

 

 

 

 

Forces between objects when they are in a line 

The process is still the same except we are looking for or are given the net force on one of the 

objects.  Solve for the forces and treat it like a regular Fnet/FBD situation. 

 

Example F.5 You are given the following scenario.  You are working with 3 spheres.  The first 

sphere has a charge of 20μC and the second has a charge of 35μC and is located 50 cm to the 

left.  If the third sphere has a charge of 45μC where would you put it so that the force on the first 

sphere is balanced? 
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Forces Between 3 or 4 more Charges Not in Line (Random Location) 

 
- we will be asked to determine the force on a specific object 

- we still need to find the force between objects required but we need to determine the sin and 

cosine of the angle that each force is acting at 

- sometimes we will need to determine the distance between objects 

- repeat for as many pairs as necessary 

- after we determine the force and direction we have to determine the resultant using vector 

analysis (See Vectors unit) 

- always draw the force vector as it acts on the object in question.  Complete a triangle by 

drawing a horizontal then vertical line.  

- if the triangle has dimensions use them, if not extend down to the other object to complete a 

triangle with dimensions  

 
Example F.6  Determine the direction of the force in each of the situations below 

a)  Determine the sin and cos of the angle of the forces on object 1 

b)  Determine the sin and cos of the angle of the forces on object 2 

c)  Determine the sin and cos of the angle of the forces on object 3 
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Example F.7  Three charged spheres are located as follows:  Sphere A is positively charged and 

is located at point (0,0).  Sphere B is located at (30,30) and is negatively charged.  Sphere C is 

located at (55,10) and is positively charged.  All dimensions are in cm.  Draw a diagram to locate 

the spheres and determine 

a)  the sin and cos of the angle of the forces acting on sphere B 

b) the sin and cos of the angle of the forces acting on sphere C 

 
 

 

 

 

 

 

 

 

Example F.8  Using the information in example F.6 determine the resultant force on sphere 1  

if sphere 1 has a charge of +25C, sphere 2 has a charge of - 30C and sphere 3 has a charge 

 of +40C. 
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Summary 

 
If you can follow the steps the process is the same regardless of how many objects you have.  

This basic process also works for the fields section we will be doing next. 

1.  Determine the lengths between 1-2 and 1-3 or whatever objects you are dealing with 

2.  Determine the forces between 1-2 and 1-3 or whatever objects you are dealing with 

3.  Find the sin and cos of the angles of the forces. 

4.  Determine the x and y components 

5.  Determine the magnitude and direction of the resultant 

6.  Make a summary statement 

 

Example F.9 Using the following diagram determine the forces acting on object 1.  Object 1 is 

located at (0,0) and has a charge of 50C.  Object 2 is located at (-75, -40) and has a charge of -

40C.  The third object has a charge of +60C and is located at (50, -40).  All dimensions are in 

cm. 
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Example F.10  Damon has assembled an apparatus to determine the charge on a pith ball.  He 

hangs a 3g pith ball on a string.  He has another pith ball on a stand which is charged.  Damon 

brings the ball on the stand over to the string ball and touches them together.  After they touch 

the hanging ball moves so that it is 4cm away horizontally.  The string makes an angle of 350 

with the horizontal.  Determine the charge on each ball. 

 
 

 

 

Example F.11  If the two pith palls above were changed to a mass of 4 grams would you be able 

to determine the charge of the pith balls.   Support your answer. 
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Describing Fields (Electrostatic, Gravitational and Magnetic) 
 

Electric Field Intensity  

a charged body will generate an electrostatic field around it which may repel or attract  

to determine the intensity of the field at a certain point we place a test charge  

 in the field and the force on the charge is determined 

the intensity varies depending on the distance from the charge 

 

Magnetic Field Intensity 
 - same principles as electrostatic fields in that it may repel or attract 

 - we can determine the direction of the field as either south or north depending on the magnet 

 - intensity also varies depending on distance 

 

Gravitational Field Intensity 
 - every body will generate a gravitational field around it  

 - the field is similar to the previous two except the direction of the field is always  

 inward towards the center of the source 

 

Type of Field Attract Repel 1/r 1/r2 

Electrostatic √ √  √ 

Gravitational √   √ 

Magnetic √ √  √ 

 

Electric Fields 
 

Direction of Force  

in an electrostatic field the direction of the field is the SAME as the direction of the force  

 that is exerted on a positive test charge  

to understand field intensity we use a test charge because we don't always know the  

 charge of the source that generates the field or where the field is being generated from 
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Field Lines 

 

Field lines help determine the whether a source will cause attraction or repulsion 

Field direction lines are constant, once they are determined they don't change regardless 

 of any new charges (think of them as a warning sign) 

For a positive test charge the direction of the field and the direction of the force are in the  

 same direction 

 For a negative test charge the direction of the field and the direction of the force are in 

opposite directions  

 

 

 

 

 

 

 

 

*Important - once the field lines are determined they stay the same, regardless of the test charge. 

       - the direction of the force can change, we can use the direction of the force and the sign 

         of the charge to determine the field lines also 

 

Example F.12  Determine the direction of the field based on the following situations: 

a) A positive test charge is placed in an electric field and experiences a force to the right 

b) A negative test charge is placed in an electric field and experiences a force to the right 
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Determining Field Intensity When you Don’t Know the Source Charge 
 
Field Intensity is the amount of force applied for each Coulomb of charge when it is near a 

charged source.  It can be determined by the following formula: 

 
  E = FQ           E = field intensity (N/C) 

                   qT      FQ = electrostatic force (N) 

 qT = test charge (C) 

 

 

Example F.13  A positive test charge of 3µC is placed in an electric field and experiences a force 

of 6 x 10-6N to the left. 

a) What is the intensity and direction of the field at this location? 

b) What force would a -6µC charge feel at the same point? 

 

 

 

 

 

 

Field Intensity Near a Point Source 
  

 If we know the magnitude of charge for the source we can use the following formula: 

 

E = kqs      E = field intensity (N/C) 

                r2     qs = charge of source (C) 

      r = distance from the center of the source (m) 

 k = electrostatic constant (9x109Nm2/C2) 

 

 

Example F.14  a)Determine the charge of a sphere that generates an electric field if the field 

intensity from the source is 3.0x106N/C at a point 10cm from its center.  b)   What force would a 

-0.5µC test charge feel at this location?   c)  If you tripled the distance away from the source 

what would the field intensity be? 
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Example F.15  A test charge of +6.5C is placed to the right of a source in an electrostatic field 

and feels a force to the left of 28N.  a)Determine the charge of the source if the test charge is 

placed 20cm from the source. b) Determine the field intensity at this location 

 

 

 

 

 

 

 

 

 

 

Behavior of Electrical Charges 
 
1. Why do you get a shock when you walk across the carpet and touch a door knob or when you  

get out of a car and touch the door? 

2. How does the Vandegraaf (electrostatic) generator work? 

3. How can you bend water with a rod after you rub it with a piece of fur? 

 
An electrical charge is simply a bunch of electrons.  Friction between two surfaces can cause 

electrons to move.  (Friction is an electrostatic force.)  Electrons will then move to areas of least 

resistance to attempt to achieve equilibrium.  Whether they move easily or not is based on the 

type of material. 

 
Materials can be broken into 2 groups 

1.  conductors - electrical charges flow easily over the outside of the material (ex. metal,  

                       non-distilled water) 

2.  insulators - when a charge is on an insulator it will stay in one spot 

   (ex. wood, plastic, glass) 
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Field Intensity Near Several Point Sources 

 
We calculate the resultant field intensity at a point in all their fields in exactly the same  

manner as we determined the resultant forces acting on point with the exception that we are 

determining the field intensity (E) for each of them.  (The point P is always assumed to be a 

positive test charge) 

To visualize such a scenario, imagine trying to determine where a small piece of charged paper 

would go if it were placed in the electrostatic fields of 2 or more Vandegraaf generators. 

 

Process 

1.  Find the distance from the point to each source. 

2.  Find the angle that the point would move to if allowed to move. 

3.  Determine the field intensity for each source 

4.  Break the field intensities into x and y components 

5.  Solve for the resultant field intensity. 

 

Here is a diagram to help picture a scenario: 

 

 

 

 

 

 

Example F.16  Determine the electrostatic field intensity at point P in the diagram below. 
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Example F.17  The field intensity at point P due to the 2 different point sources in the following 

diagrams are given as  

follows: 

E1 = 4.3x106N/C 

E2 = 1.9x106N/C 

Solve for the resultant field intensity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example F.18  Determine the resultant field intensity at point P due to the 2 different point 

sources in the following diagram.  All distances are given in millimeters. 
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Gravitational Fields 
 

- same concept as electrostatic fields except the direction of force is always attraction toward the 

larger mass(aka the source) 

- whereas Electrostatic field intensity is the amount of force on a charged test charge, 

gravitational field intensity is amount of force on a test mass.   

- the formula should look familiar we are just looking at it from a different angle 

 

Gravitational Field Intensity with a Mass 
 

g = Fg     g = gravitational field intensity (N/kg) 

                m     Fg = gravitational force (N) 

m = test mass (kg) 

 

 

*Note: we always measure any distance from the center of the body 

 

Example F.19  A 460kg object feels a gravitational force of 700N at a location several  

kilometers above the moon's surface.  What is the gravitational field intensity at this point? 

 

 

 

 

 

 

Gravitational Field Intensity Near a Source Mass 

 

g = Gms    g = gravitational field intensity (N/kg) 

               r2    ms = mass of the source (kg) 

r = distance from the center of the source (m) 

*for a planet (r = rplanet + h) where h is height above surface 

G = universal gravitational constant (6.67x10-11 Nm2/kg2) 

 

 

Important values (You may want to add more as they show up in examples or  

questions) 

 

Masses    Radii 

mearth = 5.98x1024kg    rearth = 6.38x106m  

mvenus = 4.83x1024kg   rvenus = 6.31 x106m 

msaturn = 5.67x1026kg 

mmars = 6.42x1023kg   rmars = 3.42x106m 
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Example F.20 An object feels a gravitational force of 1000N on the Earth's surface.  If the object 

were moved to a position above the earth that is exactly 1 full earth radius above the surface 

what amount of force would it feel?  

 

 

 

 

 

 

 

Example E.21 Determine the earth's gravitational field intensity at: a) the Earth's surface  b) at a 

height of 300km above the earth's surface. 

 

 

 

 

 

 

 

 

Example  F.22  What force would a 25kg mass feel on the surface of Venus? 

 

 

 

 

 

 

 

 

 

Example F.23  Saturn has a gravitational field intensity of 10.4N/kg.  a) Determine the radius. 

b)  How high above the surface is the gravitational field intensity equal to that of Earth's at the 

surface? 
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Example F.24 You have been chosen to go on an amazing journey to do research on a new and 

yet to be named planet in a parallel solar system.  Your assigned task is to determine the mass of 

this glorious new planet.  You have the following tools: a fancy scale for measuring force,  

a 2kg test mass (aka a space helmet), a telescope and a meter stick.  Since there is no scale for 

measuring mass (and the planet wouldn't fit on most scales anyway) you need to find another 

way. Using your inherited intelligence and a sharp eye (along with the meter stick and the 

telescope) you determine the radius of the planet is 2200km.  You also measure the force on the 

test mass and find a force of 24.6N pulling the helmet toward the surface of this unknown planet.  

All of these measurements are taken at a height of 400km above the surface of the planet.  You 

may begin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If you were to combine the two electrostatic field equations below you would get the equation 

for electrostatic force.   

 

E = kqs    E = FQ 

        r
2             qT 

FQ = kq1q2 

                r2 

 

The same can be applied to the two gravitational field intensity equations.  The result will give 

you the gravitational force which is also called Newton's Law of Universal Gravitation. 

 

g = Fg     g = Gms 

         m            r2
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Newton's Law of Universal Gravitation 

 

 

Fg = Gm1m2      Fg = force of gravity (N) 

            r2      G = universal gravitational constant 

m1 = first mass (kg)  

m2 = second mass (kg) 

r = distance between centers of masses (m) 
 

 

When working with a planet and a small object (relative to the planet) we use the  

following. 

 

Fg = GMm      M = mass of planet (kg) 

                       r2      m = mass of object (kg) 
 

 

Example F.25  What force of gravity would a person feel if they were actually able to walk on 

the surface of Venus?  Calculate the force if the person's mass is 100kg. 

 

 

 

 

 

 

 

 

 

Field Lines 

 

Electric 

 

These are the field lines if each charge is by itself and not near anything 
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Magnetic 

- a single magnet has North and South poles (North is like (+) and South is like (-)) 

- lines go from north to south 

- all magnets possess a magnetic field 

- the number of lines shows the strength of the magnet and is also called the  

magnetic flux 

- the inverse square law still applies 

 

Magnetic Domains 

- all of the inner particles in a metallic material have  

   magnetic properties called domains 

- most metals have their domains arranged in a random order  

  as shown in diagram A below 

- if a permanent magnet is brought near a metal the domains  

  can be rearranged to give the metal magnetic properties  

  such as in diagram B (this is how you can magnetize a  

  screwdriver to pick up loose screws, nuts, etc. 
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- if a permanent magnet is heated past a certain point it will lose its magnetism 

- this temperature is called the Curie point and varies depending on the metal 

- the following is just a few examples which you do not need to know 

 

Material  Curie Point 

iron   7700C 

cobalt   11310C 

nickel   3580C 

gadolinium  160C 

 

- if a magnet is heated it will weaken its strength but it will return to its original strength when 

cooled 

- it only loses its magnetism if it is heated past the Curie point 

 

Oersted's Discovery and Electromagnetism 

 

 In 1819, Hans Christian Oersted discovered that a current carrying conductor will generate a 

magnetic field.  His published findings led to the "new" phenomenon called 

electromagnetism. The flow of electrons will create a magnetic field.  In reverse the movement 

of magnets over a coil of wire will generate a flow of electrons and create a current.  This 

principle is what most forms of energy generation is based on. (Hydro, coal, nuclear and wind 

are all based on this principle) In any of these generators a turbine is forced to turn which in turn 

makes coils of wire pass over magnets creating the flow of electrons and electricity. 

 

Based on this logic a rule was created called the Right Hand Rule (Left handed people can do it 

to but they have to use their right hand!) These rules come into play in most 1st year Physics 

courses in the second semester. 

 

Right Hand Rule # 1  

If you hold a current carrying conductor in your right hand with your thumb along the 

conductor,there will be a magnetic field around the conductor such as below. 
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Since wire is often wrapped in coils a second rule was created.  Creativity was lacking at the 

time and it became known as the Right-Hand Rule # 2 

 

Right Hand Rule #2 

  If you wrap your fingers in the direction of the current in the coil your thumb will point in the 

direction of the magnetic field. 

 

 

 

 

 

 

 

 

Unit Summary 

- Electrostatic fields and forces, gravitational fields and forces all follow the inverse square law 

- don't put the negative in the equations for charged objects, use it to determine direction 

(repulsion or attraction) 

- for multiple charged objects use vectors to solve for resultant force or field 

- for electrostatic fields the field is determined with the assumption that the test charge at the 

point is positive 

- for gravitational situations remember the distance (r) is always measured from the center of the 

object.  This is also true for charged objects but the radius of the object is usually negligible 

- make sure your distances are always in meters for the equations 

- write down your givens, there are only 6 equations 

 

Practice Problems 

1. What is the gravitational field intensity at a height of 1.0Mm above the surface of Mars if an 
object, with a mass of 1.71slugs, feels a gravitational force of 93.75N on the surface?  What is 
the direction of the field? (2.19N/kg, inward)  

2. Three charged spheres are placed in a vertical line.  The distance between each pair is 20cm.  The first 

sphere has a charge of 12C, the second has a charge of 20 C and the third has an unknown charge.  The 
resultant force is +6N.  What is the charge of the unknown sphere? (13.33µC)  

3. A small sphere is given a charge of -37 C, and a second identical sphere is given a charge of +17 C.  If 
the two spheres are 10 inches apart, find the force between the two spheres. (87.75N) 

4. If the two spheres in question 3 are allowed to touch and then separated, what force will exist between the 

two spheres when they are 20 inches apart? (3.49N) 

5. What is the field intensity and direction directly in the middle of two charged sources that are 50cm apart?  

The left side source has a charge of -55C and the right side source has a charge of -60C.  (0.72MN/C at 

00) 

6. Three charged spheres are located at the vertices of a right triangle.  Charge A (76C) is at 

(0,80); charge B (96 C) is at (0,0);  charge C (-80 C) is at (-60,0).  All distances are in 
centimeters.  Determine the resultant force on A. (67N at 119.160) 
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7. Determine the magnitude and direction of the electric field intensity at point P given the following 

coordinates : 

Point P (20,20) 

Source 1: -50C  (-10,0) 

Source 2: +25C (40,5) 

      (Show all you work) (147N at 322.740) 

8. An object has a weight of 160N when it is at a location exactly one full Mars radius away from the surface 

of Mars.  What is its weight at a location exactly one full Saturn radius from the surface of Saturn? (457N) 

9. An object near the surface of Saturn would experience an acceleration of gravity of 10.4m/s2.  a) What is 
the mass of an object that weighs 800N on the surface of Saturn?  b) What would be the mass of the same 

object on Earth? c) What would the mass be in slugs? (76.92kg, 76.92kg, 5.25 slugs) 

10. You have become the first person in the world to reach of wonderful and glorious new planet (which will 

be named after me!).  You have decided to put some of this Physics stuff to use.  You drop a 3.0kg ball 

onto the surface and it takes 2.60 seconds to cover a distance of 6 feet.  The planet has already been 

determined to have a radius of 8.40 million meters (making it bigger than Pluto and therefore an official 

planet). What is the mass of the planet? (5.71x1023kg) 

11. Henry has decided to throw a baseball hard enough to put into orbit by throwing it horizontally, tangent to 

Earth’s surface.  He is standing on top of a small hill that is 97km above the Earth’s surface.  With what 

speed must he throw the ball to put into orbit? (7.86km/s)  

12. The ISS (International Space Station) orbits the Earth at an altitude of approximately 410km.  It has a mass 

of 450 000kg. a) Determine the average speed of the ISS required to keep it in orbit. b) Determine the 
period of its orbit. (7664m/s, 1.55h)  

13. A negative charge of 10 μC and mass 5 μkg orbits a massive positive charge of 26 μC in a circular 
orbit of radius 5 meters. To the nearest tenth of a m/s what is its speed? (0.68m/s) 

14. Two pith balls that are equally charged and each has a mass of 2.5 g.  Both balls are suspended by thread. 

Both pith balls hang in a way that equilibrium is reached.  At this point the balls are 3.2cm apart and the 

angle between the balls is 50o.  A) Calculate the force on each pith ball.   B) Calculate the charge on each 

pith ball. (Determine the forces on the pith ball and create a triangle using the force vectors) c) Determine 

the force of tension in each thread. 

15. The moon is about 382500 km from the Earth (give or take depending on its orbit).  Would a 1000kg object 

be pulled to the moon or the Earth if it is 3.725x108m from the Earth’s surface? (moon) 

16. A sphere with a charge of 40C is used in question ? of assignment # ? to create equilibrium.  What are the 
coordinates of its location? (47, 32) (question number and assignment # TBD) 
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Motion - Review and Extension 

 

v2 = vo
2 + 2a(x –xo)   v = vo + a(t - to)  

 

x = xo + vo(t - t0) + ½a(t -to)2  x = xo + vt - ½a(t -to)2 

                     
__ 

x = x0 + vt 
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Example 3.2 – Didn’t make the revision!! 
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For the following problems there are two types of scenarios.    

 

Scenario 1: involves only one object and two different situations (constant velocity then slowing or 

accelerating then decelerating).  In these situations we create two equations and substitute one into 

the other. 

 

Scenario 2 :  involves 2 different objects.  Both objects share at least two things in common 

(usually final position and final time).  We arrange for the same variable in each and set the two 

equations equal to each other. 
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