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Take up test

Review grade 9,11 electricity.
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Overhead note – electrostatics

ELECTROSTATICS

Physicists deal with 5,4,3,4 (or 6??), hopefully 3,2,1? fundamental forces.

1) Gravity



2)  Electric



3)  Magnetic


4)  Strong nuclear

5)  Weak nuclear

Electric forces

· hold electrons to atoms

· hold atoms together in molecules

· essentially responsible for mechanical contact forces (push, pull etc.)

Electric forces are created by electric charge differences which in turn are created from friction (e- transferred from one material to another).  Objects can be charged by contact or induction.  (review pg. 572 – 579)

Law of Conservation of Charge – Total Charge produced is Zero.

Laws of Charges:
1) Like charges repel





2) Unlike charges attract





3) Charged objects attract neutral ones.

COULOMBS LAW

~1785, using a torsional balance as used by Cavendish in Universal G experiments.
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Coulomb was not able to place known charges on the spheres, but he was able to produce different charges in which the  ratios were known.
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Figuro 1
Since Ampere’s law works forany closed paih,we selecta
circularpath, Simpiiying the calculation





Coulomb stated that – the force of attraction or repulsion between two charged objects is directly proportional to the product of the two charges and inversely proportional to the square of the distance between their centres.










k = 9.0*109 Nm2










    C2








You decide attr. or repel.

What is the net force on the middle charge?  

1. 


0.3 m

    0.2 m 



-3 µC


+5 µC

-4 µC

2.  

+65 µC

Find F on 1, 2 and 3




   0.3 m





0.52 m




+50 µC


-86 µC
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Overhead notes

Demo Faraday’s cage – screen over student 

- (relate to coaxial cable)
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Electric Fields

The electric field about a charge is the region of influence (∞?) of that charge.  The direction of the electric field at any point in space is the direction of the force on a (theoretically infinitely small) positive test charge.

1.  Lines originate at   +  and end at   -    .

2.  Close lines indicate a strong field.

3.  Arrows indicate direction of the field.

4.  Lines never cross.
















You do…



The electric field intensity at a point is the force exerted on a small positive test charge at that point divided by the magnitude of the small charge.  ie] electric field = force  








   
charge




ε =  F  =  kq1q2
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     d2
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ε
=
 kq1





   d2
eg]  A small positive test charge of 1.8 µC 
experiences a force of 2.4 N.


What is the field intensity?




ε
= 
force  
=
2.4 N





    
charge

1.8*10-6 C





=
1.3*106 N/C

If there is more than one charge the ε field intensity at a point is the vector sum of the ε fields of all the charges.





  0.25m
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ε Field Between Two Plates






+Q








 -Q

ε field intensity is a constant everywhere in between the plates.  The magnitude depends only on the charge NOT the separation between plates.
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Remember from our study of gravity …

W = F*d is actually an area calculation with constant F.

F






     F




but for springs



W = ½ Fd




F varies nicely




  (½ bh)


d






    d

but for  1  forces the line is a curve so the area is an



r2 





  

INTEGRAL

So…





   d

F


W =   ∫ force equation in terms of distance





   0



   d

W is the work to move the objects and is stored in the system as potential energy.

Electrical Potential

Coulomb’s law states the force of attraction between two point charges as


So the change in potential energy is the integral of this.


∆Ee =


∆Ee =  kq1q2
∆Ee =  kq1q2 
- 1

r2




  r

r1 


Ee =  -kq1q2   



  r

Ee


repulsion if charges are the same












d




attraction if charges are opposite

The electrical potential (V) about a charge q1 is defined as the potential energy of a charge q2 at a distance r divided by the charge q2.

V = Ee  =  kq1q2

=
kq1

 q2

r


  r




q2







[units J/C or Volts]

What is the electrical potential at a distance of 500m fro a charge of 2 C?



V = kQ
=
(9*109)(2)
=
3.6*107 V




   r

     500

Electrical Potential and Parallel Plates







+Q
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     d



     +q






    A









 -Q

Consider moving a charge, +q, from A to B.

Work = Force * distance
in this case F is a constant 






electric force

qV
=
Fed

V
=
Fed


      q



What is the magnitude of the electric field between two plates if the are connected to a 12V battery and the plate separation is 1.5 cm?

V = εd

ε = V
=
  12

=
800 N/C





  d

0.015
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Day 54


Millikan video – 30 min
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Day 55


Inv 7.5.1 – due EOP

Day 56 and 57

Day 56

Motion of charged particles in ε fields.
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P#1(5



Q#5

Day 57


Chpt 7 Review pg 379 #2,4,6,7,10,14,15,16,19,21,22,23,26,30,32,33,35

7.6 – Motion of Charged Particles in ε Fields
Electric forces are conservative (like gravitation and state properties in chemistry).  The work done in moving a charge from A to B in an ε field is independent of the path taken.





 B


  A

eg]  An electron is emitted from a –100V cathode.  If it accelerates toward a founded anode (0V)…

What is the electrons electrical energy at the cathode?


Ee = qV = (1.6*10-19)(100) = 1.6*10-17J

What is the speed of the electron at the anode?


Ee has been converted to Ek.


Ek = 1.6*10-17 = ½ mv2

(masse = 9.1*10-31 kg)


v = 5.9*106 m/s



(2% speed of light)

eg] What P.D. is required to get an electron to the speed of light?  (non-relativistically of course)

qV = ½ mv2

(

V = 2.6*105 V

Cathode Ray Tube
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Consider electrons accelerated from a source with a potential difference of 200V.  These electrons pass through plates 10 cm long.  If the plates are 7 cm apart with a potential of 50V find the deflection of the electrons ( y).


Horizontally

s = source
p = plates






Ee = qVs = ½ mv2 

v = 2QVs








  m

Time = d

l

t = 
   l





v
  
v


2QVs








  m

Vertically



Fe = VpQ

F = ma




   d



a = VpQ





      
dm






y = v1t + ½ at2

y = 1  VpQ 
       l
     2






2   dm
    2QVs








  

       m



y  =  
l2Vp



 4dVs



y = 0.9cm
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Overheads – Magnetic Force on Moving Charges

Ch 8.2

Magnetic Force on Moving Charges

Remember:
RH Rule for a current in a conductor.

If a compass is placed under a conductor.
If a compass is placed over a 










conductor.



Hence, a current can exert a force on a magnet.

Now, place two current carrying conductors beside each other.









   repel




      attract

So, a magnetic field can exert a force on a conductor, or moving charges.

When a charged particle enters a magnetic field at an angle to the field lines, it experiences a force and the path of the particle curves.

The magnitude of the magnetic force 
[image: image25.png]


 on a charged particle

· Is directly proportional to the magnitude of the magnetic field 
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, the velocity
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, and the charge
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of the particle.

· Depends on the angle 
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 between the magnetic field 
[image: image6.wmf]B

ur

and the velocity
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.  When 
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 the force is at a maximum, and when 
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 the force vanishes.

Combining these factors gives.
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This equation specifies the magnitude of the force but not its direction.

Remember the Right Hand rule?


This is conventional current (flow of positive charge).  What if the charge moving is a negative charge?

NOTE: 
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.  FM changes the direction of the velocity but not its magnitude.  So, now a charged particle that enters a magnetic field perpendicular to it will travel in a circular path inside the magnetic field.
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Thomson used this to determine the charge to mass ratio on an electron.  

Later, Millikan determined the charge on an electron and thus its mass could be found.

Thomson’s work lead to the mass spectrometer.  Particles were accelerated by high voltages, then directed perpendicularly into a magnetic field and the particles followed a curved path depending on their mass and charge.  


[image: image15.wmf]
Example:



The mass of a 35Cl ion is 5.8x10-26 kg, and it has a charge of 1.602x10-19 C.  If it is accelerated by a potential difference of 250 V and enters a magnetic field of 1.0 T, what is the radius of its orbit?

(1.3x10-2 m)



A Ba+2 ion is accerated by a source of 750 V and enters a magnetic field of 3.5 T producing a circular path of radius 8.6 mm.  What is its mass?

(1.9x10-25 kg)
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Overhead notes – Magnetic Force on a conductor

Ch 8.3

Magnetic Force on a Conductor


Consider a conductor length l, with a current I, place in a magnetic field of magnitude B at some angle (.  Careful measurements will show that:
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We have already defined units for length, current and Force, so, we can then use this as the defining equation for magnetic field strength.
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So:

Plug in these values and solve for k.  What do you get?

NOTE:


· The force on the conductor is ( to both the magnetic field and the direction of the current.

· Reversing either the current direction or the magnetic field reverses the direction of the force.

Another RH Rule: 
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Overhead notes – ampere’s law

Ch 8.4

Ampère’s Law

So far:
we have been considering uniform magnetic fields when looking at forces acting on conductors

`Now:
Consider a long straight conductor and the magnetic field around it.



Measurements of the magnetic field strength show:


B is directly proportional to the current and


B is inversely proportional to the distance from the conductor

Therefore the magnitude of the magnetic field strength is 
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 where k is the proportionality constant and the direction of B is given by the right hand rule as discussed before.

 


Let’s apply it to a simple magnetic field around a long straight conductor. 

We know that the magnetic field is constant in magnitude and points in a tangent to the circle.

Therefore (through some simplification) 
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Ampère’s Law can also be applied to a solenoid to determine the strength of the field within the solenoid (see page 411) to show 
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 where N is the number of turns in the coil and L is the length of the coil.  Again, the direction of B is given by the right hand rule.

The Ampere Defined

Our previous definition was that of charge flow per unit time and it worked ok.  The SI definition is actually a magnetic one.  Consider two long straight parallel conductors, a distance d apart in a vacuum, with currents I1 and I2.
It can be shown, (see pg 412) that,


Then…we define a coulomb based upon the ampere instead of the other way around.  Now, a coulomb is the charge transported by a current of 1 A in a time of 1s.
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Review of Electromagnetic induction from grade 11

· a changing magnetic field near a conductor induces a current in the conductor

· to increase the current use a coil

· magnitude of current depends on 

· strength of mag field

· speed of change

· number of loops in coil

· Faraday’s ring (transformer) – step up or step down but Power (P=VI) is the same for both coils

· Lenz’s law – the induced current always sets up a magnetic field that opposes the inducing motion

Demo 
- galvanometer, single wire, horseshoe magnet



- coils and current flow – overhead demo



- rings and current flow



- magnet in copper tube



- generator

Day 63

Chapter 8 review

Self quiz – all

Q# 3,4,5,6,8,9,11,12,16,17,18,20

Day 64 and 65

Day 64


Review Chpt 7,8

Day 65

Test Chpt 7,8
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Where “r” is the separation between the two objects’ centres.





V = kQ


	   r





V	= εd	separation of plates





Constant between parallel plates





The energy gained or lost by the charge ONLY depends upon the potential difference between A and B.





y





X





Magnitude of Force





Magnitude of magnetic field strength in tesla (1T = 1 kg/C(s)





Magnitude of velocity in m/s





Angle between v and B





Charge in coulombs
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1 T is the magnetic field strength present when a conductor with a current of 1A and a length of 1m at an angle of 90( to the magnetic field experiences a force of 1N.





Right thumb points in direction of current, fingers point in direction of magnetic field and the force is in the direction that the palm faces.





Ampère’s Law :  


Along any closed path through a magnetic field, the sum of the product of the scalar component of B→     parallel to the path segment with the length of the segment, is directly proportional to the net electric current passing through the area enclosed by the path.





Permeability of free space =


4π x 10-7 Tm/A





1A is the current in each of the two long conductors, when 1 m apart in a vacuum, that is required to produce a magnetic force of 2 x 10-7 N per metre of length of wire.
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