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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, kinematics and waves.

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 (including internal resistance), kinematics and waves, and these topics should have been covered thoroughly during the preparation period.
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Student Instructions Sheet

You will complete this assessment at a specified time.  Your teacher will give you clear instructions about the time and place for your assessment, and for the preparation work.

This assessment will take 40 minutes.

You will be asked to use mathematical techniques to solve problems and give written statements that describe and explain your understanding of phenomena, concepts and principles.

The questions you will be asked to answer will use situations that relate to more than one topic area.  You will need to decide which topic is appropriate to each question asked.
In solving numerical problems, formula, working and units should be shown and answers should be rounded appropriately.

You may find the following information useful:

Charge on an electron, e = -1.6  1019 C

d = vit + ½at2
v = vi + at
v2 = vi2 + 2ad
EK = ½mv2
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Question 1:  

Part 1

Radioactive decay

Americium ‑ 241 has an atomic number of 95.  It decays to produce an isotope of  Neptunium – 237 emitting particle X.


[image: image3.wmf]X

Np

Am

237

93

241

95

+

®


a) What is:

i) the mass number of particle X.

ii) the atomic number of particle X.

b) Name particle X produced in this decay.

Part 2

The smoke detector

The ionisation chamber in a smoke detector contains a tiny amount of Americium ‑ 241.  The Americium emits particles at a speed of 3.0 ( 107 ms-1.  The particles decelerate over a distance of 8.5  103 m before coming to rest.

c)
Calculate the average deceleration of the particles.  

As the particles are decelerated, the air in the chamber is ionised producing approximately 9.5 ( 1014 electrons per second. 

d)
Ten percent of the electrons produced by ionisation form the electric current that flows in the detector.  Calculate the size of this current.

When smoke enters the device the particles are stopped in a much shorter distance than before.  This changes the current, which triggers the alarm.

e)
Is the current increased or decreased?  Explain why. 

There are several isotopes of Americium that emit radiation and which have different half-lives.  Three of them are:
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	Half-life: 16 hrs
	
	Half-life: 458 hours
	
	Half life: 26 minutes


f)
State why Am - 241 is the isotope that is used in smoke detectors.

Question 2:
Radio Controlled Car

	Jane is playing with her radio-controlled car.  Inside the car there is an electric circuit that can be represented as shown in the diagram.  R represents the electric motor that drives the car and has a resistance of 2.45 (.  The battery has an internal resistance of 0.22 .  (The internal resistance of a battery can be treated as a resistor in series with the battery.)
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a) (i)
Calculate the current through the motor.  


(ii)
Give your answer to an appropriate number of significant figures.

b) Calculate the power developed in the motor. 

c) Jane was playing with her remote controlled car and the battery ran flat. She replaced it with a 6.0 V battery that had internal resistance of 2.0 ( and found the car would not work. Explain why.

Jane took this 6.0 V( 2() battery out, put in a battery identical to the original battery and carried on.

The motor is not 100% efficient so the maximum power that can be transferred to the drive mechanism in the car is 7.5 W.  On one occasion Jane applies maximum power to accelerate the car from rest.

d) If the mass of the car is 0.45 kg, calculate the speed reached by the car in 0.845 s.

e) Describe the energy transformations that take place while the car is accelerating.

f) If the work done on the car to accelerate it to the speed in d) is 6.3 J, how much energy has the car gained?

The aerial on the control box sends a radio wave to the aerial on the car which switches on the circuit to make the car move.  On one occasion Jane sends her car around the side of the garage so that the direct path between the two aerials is blocked.
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g) Explain why the car will continue to move.

Assessment Schedule:
Physics/2/7 – A version 4
	Judgement

	
	Achievement
	Achievement with Merit
	Achievement with Excellence

	1a)
	Both mass and atomic numbers correct
	
	

	1b)
	Correct radioactive particle or element nucleus (not just the element).  Symbol accepted.
	
	

	1c)
	
	Correct answer.  Ignore incorrect units, sf.
	

	1d)
	
	Correct current consistent with incorrect number of electrons. Ignore incorrect units, sf.
	Correct answer.  Ignore incorrect units, sf.

	1e)
	One correct and relevant statement.
	Explanation for direction of change in current is linked to the reason for the change.
	Explanation is clear, concise and free of any significant omissions or errors of fact. 

	1f)
	Correct concept identified..
	
	

	2a)(i)
	Correct answer.  Ignore incorrect unit, sf.
	
	

	2b)
	
	Correct answer consistent with incorrectly calculated intermediate value.  Ignore incorrect unit, sf.
	Correct answer.  Ignore incorrect unit, sf.

	2c)
	The reason for the failure of the car to work is given.
	The reason for the failure of the car to work is given and is linked to its cause.
	Explanation is clear, concise and free of any significant omissions or errors of fact.

	2d)
	
	Correct answer consistent with incorrectly calculated intermediate value.  Ignore incorrect unit, sf.
	Correct answer.  Ignore incorrect unit, sf.

	2e)
	Main energy transformation given.
	Energy transformations fully described.
	

	2f)
	Correct statement or correct answer.
	
	

	2g)
	Main concept identified.
	The main concept is identified and linked to the reason why it applies in this particular situation.
	

	units
	3 numerical answers have correct units 
	
	


Achievement Standard 90258 v2

Demonstrate understanding of physics in an integrated context
FOR ASSESSOR’S USE ONLY

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
	
	
	
	
	

	
	1a)
	
	
	
	

	1b)
	
	
	
	
	

	
	
	
	1c)
	
	

	
	
	
	
	
	1d)

	
	
	1e)
	
	1e)
	

	1f)
	
	
	
	
	

	
	
	
	2a) (i)
	
	

	2a)(ii)
	
	
	
	
	

	
	
	
	
	
	2b)

	
	
	2c)
	
	2c)
	

	
	
	
	
	
	2d)

	2e)
	
	2e)
	
	
	

	
	2f)
	
	
	
	

	2g)
	
	2g)
	
	
	

	Totals:
	
	
	
	
	
	


Sufficiency

( Achievement:
5 correct answers including:

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

· 1 from any column 2 (achievement, merit or excellence).
( Merit:
7 correct answers including 3 above achievement and:

· 4 from any column 1, including 2 above achievement.

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

( Excellence:
8 correct answers including 5 above achievement of which 3 are at excellence, and.

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

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