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Teacher Guidelines:

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Context/setting:


This assessment involves students solving numerical problems and making written statements to demonstrate understanding.  The context of the problem solving situations will span more than one content area. This activity requires students to integrate knowledge and understanding of radioactivity, electricity and kinematics.

Conditions:

It is recommended that this assessment is a closed book, individual work, one period (40 minutes) classroom test.

Additional information:

This activity requires students to integrate knowledge and understanding of radioactivity, electricity and kinematics, and these topics should have been covered thoroughly during the preparation period.
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Student Instructions

Answer ALL questions in the spaces provided.

Check that this booklet has pages 2-4 in the correct order and that none of these pages is blank.

For all numerical answers full working should be shown and the answer should be rounded to the correct number of significant figures and given with an SI unit.

For all describe or explain questions the answer should be in complete sentences with all logic fully explained.

You may find the following information useful

mass of an electron = 9.1 ( 10 (31 kg

charge on an electron = (1.6 ( 10 (19 C
strength of gravity, g, = 10 N kg (1 (10 m s(2)
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Adventures in the Lives of Electrons!!!
Question 1
Generating a Spin

A simple electric generator consists of a single rectangular loop of wire, 0.45 m high and 0.52 m wide, rotating horizontally in a magnetic field of strength 0.13 T.  The first diagram illustrates the situation.  The second diagram shows the horizontal circular path of a single electron inside the wire.  At the instant shown the electron is travelling at right angles to and into the page.  The radius of the electron’s path is 0.26 m.
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The loop of wire is spinning at 19 revolutions per second.

(a)
Calculate the period of the electron’s circular motion.


(b)
Show that the speed of the electron in its circular path is 31 m s(1.


(c)
Calculate the size of the centripetal force that keeps the electron moving in its circular path.

At the instant shown in diagram 2 above the direction of the electron’s movement is into the page.

(d)
Calculate the size of the magnetic force acting on the electron.


(e)
On diagram 2 above draw and label 
(i)
the direction of the magnetic force.


(ii)
the direction of the centripetal force.
(f)
Calculate the voltage induced across one of the vertical sides of the loop.  


The induced voltage is due to the movement of electrons along the wire.

(g)
Explain the unbalanced force that causes this movement.

(h)
Explain why the induced voltage is continuously changing.

Question 2

Most electrons have a boring existence as part of a stable atom.  However a lucky few escape this confinement when they are emitted at high speeds from radioactive substances.

An emitted electron travels at 1.20 ( 108 ms (1 for a distance of 0.94 m before being absorbed by the air it is travelling through.

(a)
What name is given to a high energy electron emitted from a radioactive substance?

(b)
 (i) 
Calculate the kinetic energy of the electron.  


(ii)
Give your answer to the correct number of significant figures.

(c)
Calculate the time the electron is travelling through the air.

Another electron, also travelling at 1.21 ( 108 ms -1 enters a magnetic field of strength 0.0045 T at right angles to its direction.

(d)
Explain why the path of the electron in the magnetic field will be circular.

(e)
Calculate the radius of the electron’s circular path.

Question 3

Electrons spend their entire existence electrically charged.  It is an extremely small charge but it has been measured.  A physicist called Robert Millikan devised an experiment that allowed him to find out the size of the charge on a single electron.  A representation of the apparatus he used is illustrated below.
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Effectively Millikan had two oppositely charged plates one above the other and introduced between the plates a negatively charged droplet of oil on which there was a known number of excess electrons.  The electric force on the droplet could be changed by changing the voltage of the power supply.

(a)
In one of hundreds of trials of the experiment the size of the charge on the droplet was calculated to be 1.3 ( 10 (18 C.  Calculate the number of excess electrons on the droplet.

(b)
Ignoring frictional effects, what force, other than the electric force, acts on the droplet?

The electric force, Fe, acting on the droplet can be calculated using the equation
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where
V is the voltage of the power supply


q is the charge on the droplet


d is the distance between the two plates.

(c)
The usual unit for force is the Newton.  Use the formula above to give an alternative unit for force.

The voltage of the power supply was changed until the droplet of oil was stationary between the plates.

(d)
Explain, in terms of the names and directions of the forces acting on the droplet, how it could be stationary in the situation described.

(e)
In another trial of the experiment the mass of the droplet was 3.14 ( 10 (14 kg.  Calculate the charge on the droplet. 
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Mark Sheet and Sufficiency Statement

If a response can provide evidence at more than one grade, tick the highest grade reached.  (Do not tick a response more than once.)

	Achievement
	Merit
	Excellence

	column 1
	column 2
	column 1
	column 2
	column 1
	column 2

	units
	
	
	
	
	

	
	1(a)
	
	
	
	

	
	
	
	1(b)
	
	

	
	1(c)
	
	
	
	

	
	1(d)
	
	
	
	

	
	
	1(e) (i)
	
	
	

	1(e) (ii)
	
	
	
	
	

	
	
	
	1(f)
	
	

	
	
	1(g)
	
	1(g)
	

	
	
	1(h)
	
	1(h)
	

	2(a)
	
	
	
	
	

	
	2(b)(i)
	
	
	
	

	
	2(c)
	
	
	
	

	
	
	2(d)
	
	2(d)
	

	
	
	
	
	
	2(e)

	
	
	
	3(a)
	
	

	3(b)
	
	
	
	
	

	
	
	3(c)
	
	
	

	3(d)
	
	3(d)
	
	
	

	
	
	
	
	
	3(e)

	Totals:
	
	
	
	
	
	


Sufficiency

( Achievement:
7 correct answers including:

· 4 from any column 1 (achievement, merit or excellence).

· 2 from any column 2 (achievement, merit or excellence).
· 1 from either column 1 or column 2

( Merit:
10 correct answers including 5 above achievement and:

· 4 from any column 1, including 2 above achievement

· 4 from any column 2, including 2 above achievement
· 2 from either column 1 or column 2 including 1 above achievement

( Excellence:
11 correct answers including 6 above achievement of which 3 are at excellence and:

· 4 from any column 1, including 2 above achievement of which 1 is at excellence.

· 4 from any column 2, including 2 above achievement of which 1 is at excellence.
· 3 from either column 1 or column 2 including 2 above achievement of which 1 is at excellence.

Assessment schedule:  90258 v2  Phys/2/7 – B version 4:  Adventures in the Lives of Electrons

Note:

· Minor computational errors will not be penalized.  A wrong answer will be accepted as correct provided there is sufficient evidence that the mistake is not due to a lack of understanding.  Such evidence includes:

· The last written step before the answer is given has no unexpanded brackets or terms and does not require rearranging.

· The power of any number that is multiplied by a power of 10 is correct.

· Italics indicates replacement evidence.

	Task
	Achieved
	Merit
	Excellence

	units
	Unit given with 4 numerical answers 
	
	

	Q 1
	
	
	

	(a)
	Correct answer, ignore incorrect unit, sf.
	
	

	(b)
	
	Correct substitution.
	

	(c)
	Correct answer, ignore incorrect unit, sf. 
	
	

	(d)
	Correct answer, ignore incorrect unit, sf.
	
	

	(e)
	Centripetal force direction correct.
	Magnetic force direction correct.
	

	(f)
	
	Correct answer, ignore incorrect unit, sf.
	

	(g)
	One correct and relevant statement
	The forces that are acting are explained in terms of what is causing them and their directions are linked to the unbalanced force..
	The explanation is clear, concise and free of significant errors or irrelevancies.

	(h)
	One correct and relevant statement
	The reason for the changing voltage is given and explained in terms of what is causing it to happen.
	The explanation is clear, concise and free of significant errors or irrelevancies.

	Q 2
	
	
	

	(a)
	correct answer
	
	

	(b)(i)
	Correct answer, ignore incorrect unit, sf.
	
	

	(c)
	Correct answer, ignore incorrect unit, sf.
	
	

	(d)
	One correct and relevant statement
	Circular path explained in terms of what is causing it.
	The explanation is clear, concise and free of significant errors or irrelevancies.

	(e)
	
	Correct answer consistent with incorrectly calculated intermediate value.  Ignore incorrect unit and sf.
	Correct answer.  Ignore incorrect unit, sf.

	Q 3
	
	
	

	(a)
	Correct method.
	Correct answer with rounding consistent with the quantity calculated.
	

	(b)
	Correct answer 
	
	

	(c)
	
	Correct answer.
	

	(d)
	One correct and relevant statement
	Link made between the nature, size and direction of the forces acting.
	

	(e)
	
	Correct answer consistent with incorrectly calculated intermediate value.
	Correct answer.  Ignore incorrect unit, sf.
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