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	2020 Sec 4 Physics Practical Guidelines
Planning (P)
	

	
	Name: ____________________ (      )   Class: 4/ ___
	Date: _________


A. 
Planning (P) is an important skill area in the Practical Assessment.

· This would be assessed as part of the Sec 4 Physics Practical Examination. 

· Marks allocated about 8 marks

· Recommended duration about 25 minutes

B.
Candidates are expected to be able to 

1. identify key variables for a given question/problem 

2. outline an experimental procedure to investigate the question/problem 

3. describe how the data should be used in order to reach a conclusion
· e.g. plot a suitable graph, determine gradient / intercept(s) of graph

4. identify the key risks of the experiment and state precautions that should be taken to keep these risks to a minimum 

C.
Key variables

1. There are many variables involved in a problem. These are physical quantities which 

· are specific,
· can be measured with an instrument, 
· or calculated from other direct measurements,
	Examples

(direct measurement)
	Examples 

(indirect calculation)
	Poor examples

	· the length of a simple pendulum

· diameter of a ball

· time for 20 oscillations of a simple pendulum

· electric current passing through a metal wire.
	· average speed of a moving ball (v = d/t)

· frequency of a simple pendulum (f = 1/T)

· resistance of a metal wire      (R = V/I)
	· size of a ball (volume, diameter, mass?)

· how fast a ball moves (time taken, instantaneous speed, average speed?)
· location


2. In an experiment to be carried out, you need to identify two variables that are related to each other. These are called the independent variable and dependent variable. The independent variable affects the value of the dependent variable.
	Examples of Independent Variable
	Examples of Dependent Variable

	· Length of simple pendulum
	· Period of simple pendulum

	· Height of ball above the ground
	· Time taken for the ball to fall to the ground

	· Length of metal wire 
	· Resistance of metal wire


3. During the experiment, all other physical variables have to be kept constant.


Identify at least two specific, measurable variables to be kept constant to ensure a fair test. 
	Examples
	Variables to be kept constant

	· Property of object
	· mass of pendulum bob used, e.m.f. of battery used

	· Experimental setup
	· angle of incline plane (from which a ball rolls down)

	· Initial conditions
	· height from which a ball is released
· temperature of the water used

	· Light bulb
	· light bulbs with same power & voltage ratings


D.
Suggested Structure for the Plan
Note: This suggested Plan is to be adapted or modified according to the requirements of the actual question!
	Sections of the Plan
	Sample

	Problem of investigation is given.
Example:

A simple pendulum of length L and period T has the following relationship:

T = 2( ( ( L / g )
where g = acceleration due to gravity near Earth’s surface

	“To investigate the relationship between the length and the period of a pendulum.”

Or
 “To investigate how the length of the pendulum affects the period of a pendulum.” 



	Analysis of equation (if given)
Apply Linear Law to rearrange the given equation in the form of 

Y = mX + c
This would allow a straight line graph of Y against X to be plotted.  
	T = 2( ( ( L / g )
To separate L from g,

square both sides of equation:
T2 = (4(2 L )/ g

where 
Y = T2       & X = L
& gradient m = 4(2 / g    & c = 0



	1. Key variables:

· State the independent and dependent variables identified.

· All variables must be clearly stated in words, and also assign a suitable symbol. 

· The symbols are to be used consistently throughout the plan. 
	Independent variable:


· length of pendulum, L



Dependent variable:


· Period of pendulum, T


	· 2 variables to be kept constant
	Variables to be kept constant:

1. Mass of pendulum bob
2. Vertical height from which a ball is released. 


	2. 
Apparatus & diagram
· List suitable/relevant apparatus you have chosen.
· This may include apparatus commonly found in the Physics laboratory.
	Apparatus

· metre rule

· stopwatch

· string

· pendulum bob



· 2 x retort stand, boss and clamp

· split rubber bung

	· Sketch & label a large diagram of the set-up to help you visualize and describe the procedure in the next section. 
· This diagram may include the main apparatus and key variables that can be shown. 

	Diagram


	Sections of the Plan
	Sample

	3. Experimental procedure

· Include all the necessary steps in the procedure logically and number each step clearly. 
	1. Set up the apparatus as shown in the diagram above.



	· Measure the independent variable or select the object with required variable (e.g. mass, height, angle, resistance).
	2. Measure the length of the pendulum, L, to obtain 100.0 cm with a metre rule.

	· Describe the step(s) of experiment to measure the dependent variable (directly or indirectly). 
· Name the instrument(s) used to do the measurements.
	3. Displace the pendulum bob and allow it to oscillate vertically through a small angle. 

4. Measure the time taken for 20 oscillations with a stopwatch. Record the time, t1.


	· Repeat step(s) so as to obtain more reliable readings (where relevant) and calculate the average value. 
· Include important/relevant formulae and/or equations used to calculate the dependent variable.
	5. Repeat steps 3 and 4 to measure the time taken for another 20 oscillations. Record the time, t2.  

6. Calculate the average time, tave from the two readings.

7. Calculate the period of the pendulum, T from the equation T =  tave / 20 and the value of T2.



	· Repeat the steps for further measurements (at least another 9 sets of readings) over a suitable wide range (if known). 
	8. Repeat steps 2 to 7 for another 9 values of L between 10.0 cm and 90.0 cm.



	· Tabulate all measured (raw data) and calculated (processed data) values.
	9. Tabulate all the readings of L, t1 , t1 , tave , T and T2.



	· Plot a graph of dependent variable (y axis) against independent variable (x axis).
· Based on earlier Analysis of given equation

	10. Plot a graph of T2 against L
A straight line graph is expected to be obtained & g can be deduced from the gradient.

	4. Risks & Precautions
· State at least one precaution to ensure the safety of the experimenter and those around him/her, or to prevent any damage to the apparatus. May be included in the procedure. 
Examples:

· Light: Handle the optical pins with care to avoid any injury.

· Electricity: Connect a fixed resistor in series with the battery in the circuit to prevent a large current from flowing and damaging the circuit components. 

· Thermal physics: Handle the boiling water with care to avoid any scalding.

	Risk:
· To prevent the retort stand from toppling and injuring someone, 

Precaution:

· position the retort stand away from the edge of the bench (or place a weight on its base). 
Note: These are precautions 

· for safety (to keep risks to a minmum)
· NOT to improve accuracy of results!


E.
Linear Law

Reference:
Chapter 7, New Syllabus Additional Mathematics, 9th Edition (2015). 
Analysis of given equation
· A physics phenomenon can be modelled using an equation. 

· When the dependent variable is plotted against the independent variable, if a straight line graph is obtained, there is a linear relationship between these two variables. 

· If the graph is not a straight line, the relationship is non-linear. 
· We can apply Linear Law to transform a non-linear relationship to a linear form to determine unknown constants from the straight line graph.
Y = mX + c
where m = gradient of graph, 
c = Y-intercept
	
	Methods
	Examples

	1.
	x: independent variable
y: dependent variable
	Given y = - ax + b/x



	
	Method 1: multiply equation throughout by x:
	yx = - ax2 + b

Let Y = yx 
and
X = x2
Hence equation becomes Y = mX + c

where m = -a 
and 
c = b

Plot a graph of yx against x2 to obtain a straight line graph

	
	Method 2: divide equation throughout by x:
	y/x = -a + b/(x2)

Let Y = y/x 
and 
X = 1/(x2)

So m = b 
and 
c = -a

Plot a graph of y/x against 1/(x2).

	
	Note: The variables X and Y must contain only the original variables x and/or y, but they must NOT contain the original unknown constants such as a & b. 



	2.
	L: independent variable

T: dependent variable
Given square root 
( square both sides of equation
	T = 2( ( ( L / g )

To remove square root, square both sides of equation:

T2 = (4(2 L )/ g

Let Y = T2      and      X = L

So m = 4(2 / g    & c = 0

Plot a graph of T2  against L.

	3.
	x: independent variable

y: dependent variable
	y = ax2 + bx, where a & b are constants
[Final “subject” of the equation may be a combination of x & y.]


	4.
	x: independent variable

y: dependent variable
	y = x2 + 3x – 2


	5.
	h: independent variable

H: dependent variable

	p = (( h / H ), where p is a constant




F.
Common Precautions 
· to improve accuracy of results
· to overcome significant sources of error

	Topics
	Precautions (to include how & why where relevant)
to improve accuracy of results (to avoid/minimize systematic errors)

	Mechanics
	1. Checking for horizontal and vertical alignments

· Make use of the vertical edge of a door, blackboard, a wall or a plumbline to judge whether an apparatus is vertical.

· Use a spirit level, or a plumbline and a set-square, or measure both ends from the top of the bench to judge whether or not your apparatus is horizontal.

	
	2.  Timing oscillations
· Amplitude of oscillation should be small (not more than 10( for pendulum), so that the oscillations are regular. 

· Ignore the first few oscillations and start timing only when the oscillations become steady so as to obtain a more accurate period.

	
	3.  Balancing moments
· Balance a stick/rod/ruler at its mid-point (c.g.) to check if it is un
· If a stick/rod/ruler/object is hung from a pivot (e.g. optical pin), check that it is able to rotate freely about this pivot.




	Light
	1.  Using optical pins
· Use a protractor or set-square to ensure that the pins are placed vertically upright so that the alignment of the pin(s) and image(s) would be accurate. 
· The 2 pins that are used to locate the path of a light ray are placed more than 5.0 cm apart to minimise errors in the location of rays. (Do check that pin-pricked points are clearly marked and labelled).

	
	2.  Using lenses
· The lens must be placed upright such that it is at right angles to the bench so that the object and image distances are measured along a line parallel to the principal axis. 
· The illuminated object should be placed at the same height as the optical centre of the lens so that its image will also be formed at the same level.
· The screen should also be placed in a plane at right angles to the principal axis to capture a sharp image of the object.


	Electricity
	· The contacts between the wires and all the components (e.g. battery, resistors, plug switch) in the circuit must be tightened to reduce contact resistance in the circuit. (This can be checked by shaking/tapping the connecting wires lightly at each part of the circuit and observe the ammeter's reading. If the reading fluctuates, it means there is a poor connection in the circuit.)
· Close the circuit only when you are ready to take readings and then open it immediately after taking the readings. This is to avoid the heating effect of the current which would cause a rise in temperature and affect the resistance in the circuit.


	Thermal physics
	· The water or liquid in the vessel must be stirred constantly during the experiment so that the temperature is uniform throughout.
· Describe specific way(s) (in the context of the experiment) to reduce the heat loss or heat gain through conduction, convection or radiation (if possible) to/from the surrounding.



Parallax error

Be aware that whenever there is a gap between the scale and the mark to be read, parallax error is present. 
· Place the eye directly above / at eye level with the markings when taking readings from the scale (on the instrument) so as to avoid parallax error.

· When taking reading for a volume of liquid using, the eye must be placed at the same level as the meniscus of the liquid.

· When reading analogue meters, parallax errors can be minimised by viewing the pointer from directly above such that the pointer coincides with its image in the reflective strip on the meter. 
	However, avoiding parallax error should NOT be stated as a precaution when answering questions in a practical/test, unless it is specifically asked for.


G.
Common Precautions in Physics experiments
· to ensure safe use of equipment
· to ensure safety of people

	Topics
	Possible risks
	Safety precautions/guidelines

	Mechanics
	· Use of heavy weights, e.g. retort stands, hanging weights.

· Possible injury to hands and feet directly beneath suspended weights. 

	· Ensure the apparatus is arranged in a stable manner away from edge of table to prevent toppling over.
· Ensure the apparatus is positioned without obstruction to walkways, to prevent accidental collisions. 



	Thermal physics
	Bunsen burner
· A source of ignition and fire. 
	· Place it on a stable surface and away from any obstruction to prevent it from toppling over. 
· Goggles should be worn when students are conducting heating experiments to protect from accidental spurting of hot liquids.


	Electricity
	Electric circuits and wires:

· Fraying of connecting wires
· Electric shock. 
	· The initial resistance of rheostats should be set to the maximum for each resistance setup to prevent an initial large current from damaging circuit components. 
· Equipment, switches and electrical wires must not be handled with wet hands to prevent electric shock. 




Note:
Always identify and explain the purpose of any precaution with specific reference to the context of the experiment.
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