





Mandatory Experiments



 Mechanics

TO MEASURE VELOCITY AND ACELERATION
light-gates

  l

s
Air track
t1   /   t2  
 Card 












Timer 



Method:

· The rider can be pushed along, so that it passes through each of the light gates.
· As it passes through one, the light is blocked by the card. The time that it takes to pass is recorded electronically by the timer.
· 
As we know the length of the card, and the time it takes to pass the light gate, we can calculate the velocity, u, using the formula 
· This procedure can be repeated to measure the velocity at the second gate, v.
· 
The acceleration can be calculated using the formula, 
 
Conclusions
The velocity and acceleration has been measured.
TO SHOW THAT aFThe method shown here depends on the use of light gates. You may have used a ticker tape timer, which is equally good and described in the chapter on mechanics. It is best that you describe any of the experiments as you yourself did it, as you will have a clearer understanding of that method

Light-gates
 Card 

s


Air track






t1   /   t2  
Weights (force, F)



Timer 



Method
1. Set up the apparatus as in the diagram.  . 
1. Set the weights (F ). Release  the card from rest. 
1. Calculate  the initial velocity, u and the final velocity, v. 
1. 
Find the acceleration, using ,
1. Remove one 1 N disc from the slotted weight, store this on the vehicle, and repeat.
1. Continue for a number values of F.  Record results.
1. Draw a graph of a/m s-2 against F/N.

Conclusion
F/N







a/ms-2


A straight line through the origin shows that, for a constant mass, the acceleration is  proportional to the applied force.  (The  mass of the system is given by the slope of the line)

Accuracy
· The weights are transferred between the string and the trolley to keep the total mass constant
· The air track reduces friction, improving accuracy


TO VERIFY THE PRINCIPLE OF CONSERVATION OF MOMENTUM


 Card 

s
Light-gates




m2

m1

Magnets 
Air track

t1   /   t2  

Timer 



Method
1. Set up apparatus as in the diagram.
2. With the second vehicle stationary, give the first a gentle push.  After collision the two vehicles combine, using magnets,  and move off together.
3. Note the times t1and t2. From these find the initial velocity, u and the final velocity, v.
4. Calculate the momentum before the collision, pbefore = m1u and the momentum after the collision, pafter = (m1 + m2) v.
5. Repeat several times, with different velocities and different masses.  Record results.

Conclusion 


The results will consistently show that: 	,   thus confirming the conservation of momentum

Accuracy
· The air track reduces the effect of friction
· It is important to measure the velocities immediately before and after the collision, to offset the slowing down due to friction

MEASUREMENT OF g (by freefall)

Electromagnet/clamp


Switch 




h
timer





Trap-door



Method
1. Set up the apparatus.  The millisecond timer starts when the ball is released and stops when the ball hits the trapdoor.
2. Measure the height h as shown, using a metre stick.
3. Release the ball and record the time t from the millisecond timer.
4. Repeat three times for this height h . Take the smallest time as the correct value for t
5. Repeat for different values of h.
Conclusion



Calculate the values for g using the equation .  Obtain an average value for g.  Alternatively draw a graph of h against t2t2/s2
h/m

Accuracy:    The shortest of the three times is taken as t , as various factors can delay the falling of the ball, but nothing should speed it up.  A piece of paper between the ball bearing and the electromagnet will help  ensure a quick release.
Larger values of h will decrease the percentage error


VERIFICATION OF BOYLE’S LAW

Fixed mass of gas
Volume Scale
Pressure Guage
Moving valve, to vary volume




 








	




Method 
1. Using the valve, increase the pressure on the air in the tube, and decrease its volume. 
2. Record the volume V and the corresponding pressure P
3. Slowly move the valve out, increasing the volume 
4. Take readings for P and V at various points as the volume increases. 
5. Record results
6. 
Plot a graph  of P against  

Conclusion
P/Pa








A straight-line graph through the origin will verify that, for a fixed mass of gas at constant temperature, the pressure is inversely proportional to the volume, i.e. Boyle’s law.

Accuracy
· It is important to allow the temperature to return to normal after the pressure has been changed
· Boyle’s Law tends to be more accurate at  relatively low pressures.

INVESTIGATION OF THE LAWS OF EQUILIBRIUM FOR A SET OF CO-PLANAR FORCES


Newton – meter (forces acting up)




                  Metre-stick









  Weights (forces acting down)




Method
1. Use a balance to find the centre of gravity of the metre stick and its weight.
2. Set up the apparatus as shown above., hanging the Newton-meters from retort stands
6. Record the positions on the metre stick of each weight, each Newton balance and the reading on each balance.

Conclusion
1. Calculate the total upward force and the total  downward force on the stick. They should be equal, confirming the first law of equilibrium

2. Calculate the total clockwise and anticlockwise moments about the 0 cm mark, the 50 cm mark and one other mark on the stick. In all instances the total of the clockwise moments should equal the total of the anticlockwise moments, confirming the second law of equilibrium

Accuracy
· It is crucial that the metre stick should be horizontal when the readings are taken. 
· The most likely source of inaccuracy is in the Newton balances. 


INVESTIGATION OF THE RELATIONSHIP BETWEEN PERIOD AND LENGTH FOR A SIMPLE PENDULUM AND HENCE CALCULATION OF g

Apparatus

Split   cork






l




                 Pendulum bob


Timer 



Method
1. Place the thread of the pendulum between two halves of a split  cork 
2. Set the pendulum swinging through a small angle (<10°).  Measure the time t for thirty complete oscillations. Divide this time t by thirty to get the periodic time T.
3. Record both l and T 
4. Repeat for different lengths, l, of the pendulum. 

Conclusion
Draw a graph of l / m  against T2 /s2The experiment is based on the formula:





l / m


T2 / s2

Accuracy
· The split cork ensures that the pendulum swings evenly in all directions
· Longer lengths will reduce the percentage error


Light, Sound and Waves


MEASUREMENT OF THE WAVELENGTH OF MONOCHROMATIC LIGHT





 



(sodium) lamp
grating
telescope
collimator




Method

1. Adjust the eyepiece of the telescope so that the crosswires are sharply focused.The first three steps describe how to set up the the spectrometer 

2. Focus the telescope for parallel light using a distant object.  
3. Set up the apparatus as shown above.   Looking through the telescope, focus the collimator lens and adjust the width of the slit until a clear narrow image is seen.
4. Place the diffraction grating on the turntable at right angles to the beam.
5. 
Move the telescope to the right until the cross wires are centred on the first bright image.  Take the reading,  from the scale on the turntable. Move the telescope back through the centre and then to the first bright image on the left.  Take the reading for this position. The average of the two is the angle  for the first order image ()
6. Repeat for the second and third order images

Conclusions


For each value of n, Calculate the wavelength using , and take an average d is the spacing between the slits on the diffraction grating 

e.g. if there are 200 lines / mm, there are 200 000 lines / m, and d is given by:  


Accuracy
· If the grating is not perpendicular to the light-beam, the angles to one side will be larger than to the other.
· It is best to work in a dark-room, where the images will be easier to see

MEASUREMENT OF THE FOCAL LENGTH OF A CONCAVE MIRROR

u

Mirror 



Light-box
v


Screen 



	Metre stick




Method
1. Set up the apparatus as shown
2. Move the screen until a clear inverted image of the crosswire is obtained.
3. Measure the distances u and v, as shown .  
4. Repeat this procedure for different values of u. 
Conclusions

For each set of results, find the focal length of the mirror using .
Take an average value as the focal length.
Or (not often used)

Draw a graph as shown.  The y-intercept will be equal to .  Use this to find f.
















Accuracy
· An approximate value can be fond by finding the image of a distant object (through a window), which will be formed at the focal point.
· The difficulty in deciding in which position the image is most clear is the main source of inaccuracy
MEASUREMENT OF THE FOCAL LENGTH OF A CONVERGING LENS

Lens 

Screen 



Lamp-box



.   v
u

Metre stick




Method 
1. Set up the apparatus as shown
2. Place the lamp-box well outside the approximate focal length – see notes.
3. Move the screen until a clear inverted image of the crosswire is obtained.
4. Measure the distances u and  v,  as shown.
5. Repeat this procedure for different values of u. 
Conclusions

For each set of results, find the focal length of the lens using .
Take an average value as the focal length.
Or (not often used)

Draw a graph as shown.  The y-intercept will be equal to  .  Use this to find f.













Accuracy
· An approximate value can be found by finding the image of a distant object (through a window), which will be formed at the focal point.
· The difficulty in deciding in which position the image is most clear is the main source of inaccuracy
· 
VERIFICATION OF SNELL’S LAW OF REFRACTION 
and hence finding the refractive index of glass



Angle of refraction, r
Angle of incidence, i
Glass block
r
i

protractor

Light-box


Method
1. Place a glass block as shown and mark its outline.
2. Shine a ray of light from a light-box as shown.
3. Mark the position of the light ray as it enters and leaves the block and remove the block
4. Draw in the normals and measure i and r, as shown






Conclusions 

Plot a graph of sin i against sin r.  A straight line through the origin verifies Snell’s law of refraction i.e. .   The slope of the line is the refractive indexSlope = refractive index
Sin i

AccuracySin r

· The light beam will spread out, or diverge, making it difficult to mark its position
· Larger angles will lead to a smaller percentage error

MEASUREMENT OF THE REFRACTIVE INDEX OF A LIQUID



	




Search pin



Apparent depth 




Mirror 





Real depth





Images 


Object pin 


Method
1. Set up the apparatus as shown. Focus on the reflection of the search pin and the pin in the water.
2. Adjust the height of the search-pin until there is no parallax between the two images, as shown
3. Measure the distance from the pin in the cork to the back of the mirror – this is the apparent depth.  Measure the depth of the container – this is the real depth. 
4. Repeat for different depths of water. 

Conclusions 
Plot a graph of real depth against apparent depth.
The slope of the line will be the refractive indexReal depth / m
Slope = refractive index

AccuracyApparent depth / m

· It is very difficult pinpointing the position of no parallax
· Using larger values of the real  depth will reduce percentage error

INVESTIGATION OF THE VARIATION OF FUNDAMENTAL FREQUENCY OF A STRETCHED STRING WITH LENGTH


	
 Tension key

l


 Paper rider 
Tuning fork
Sonometer 






Method
1. Set up the apparatus as shown. Set the tension at a fixed value.
2. Strike a tuning fork of known frequency, f, and place it on the sonometer.  
3. Vary the length, l, until the paper rider moves, indicating that the string is vibrating. 
4. Record l and f.
5. Repeat for various tuning forks, and record the measurements in a table.

9.	Plot a graph of frequency f against inverse of length . 

Conclusion


A straight line through the origin will verify that frequency  is   proportional to    






f / Hz





Accuracy
· It is difficult to determine when the string’s vibrations are at their greatest. The paper rider helps with this.
· Tuning forks are easily damaged and may not vibrate at the labelled frequency 


INVESTIGATION OF THE VARIATION OF THE FUNDAMENTAL FREQUENCY OF A STRETCHED STRING WITH TENSION

	
Tension key



Newton-meter
l
 Paper rider 
Tuning fork
Sonometer 








Method
1. Set up the apparatus as shown
2. Select a wire length l (e.g. 30 cm), by suitable placement of the bridges.  Keep this length fixed throughout the experiment. 
3. Strike a tuning fork and place it on the sonometer.  Vary the tension until the string begins to vibrate.
4. Repeat the procedure several times. 
5. 
Plot a graph of frequency f against the square root of tension .  


Conclusion

A straight line through the origin will verify a proportionality between the f and .



 /




f / Hz



Accuracy
· It is difficult to determine when the string’s vibrations are at their greatest. The paper rider helps with this.
· Tuning forks are easily damaged and may not vibrate at the labelled frequency


MEASUREMENT OF THE SPEED OF SOUND IN AIR


Tuning fork


 Resonance  tube


l





 Large graduated cylinder



d





 Retort stand


Method
1. Clamp the tube so that the water in the graduated cylinder closes its lower end, as shown in the diagram.  Using a vernier callipers, measure the diameter of the tube, d.
2. Strike the highest frequency, f, tuning fork on the wooden block, and hold it in a horizontal position just above the mouth of the tube.
3. Slide the tube slowly up  until the note heard from the tube is at its loudest. Tighten the clamp in this position and measure the length of the air column (from the water level to the top of the tube) l with a metre stick.
4. Repeat this procedure to obtain the corresponding values of l for all the tuning forks in order of decreasing frequency.  Record the measurements in a table.
Conclusions
1. 
Calculate the wavelength using  in each case.
2. 
Calculate the speed of sound from , for each of the tuning forks.
3. Find the average value for the speed of sound.
Accuracy
· It is difficult to determine when the resonance is at its peak. 
· It helps to repeat the experiment several times.

Heat

CALIBRATION CURVE OF A THERMOMETER USING THE LABORATORY MERCURY THERMOMETER AS A STANDARD



Ohmmeter 

Glycerol-filled boiling tube




          Thermometer 
              thermistor

	


Heat source (Bunsen burner, hot-plate)

Method
1. Set up apparatus as shown in the diagram.
2. Record the temperature T, in C, from the mercury thermometer and the corresponding thermistor resistance R, in ohms, from the ohmmeter.
3. Allow the temperature of the glycerol to increase by about 10 C and again record the temperature and the corresponding thermistor resistance.
4. Repeat the procedure several times.
Conclusions
Plot a graph of resistance, R against temperature, T.  To measure temperature using the thermistor, measure the resistance and find the corresponding temperature from the calibration curve. R / 








T / oC


The same procedure can be followed to calibrate any thermometer
Accuracy
The accuracy of the procedure is compromised by the relative inaccuracy of the mercury thermometer
MEASUREMENT OF THE SPECIFIC HEAT CAPACITY OF A METAL BY AN ELECTRICAL METHOD

+

_


thermometer

Heating coil
Joulemeter 





     Metal block


insulation





Method
1. Find the mass of the metal block m.
2. Set up the apparatus as shown in the diagram. Place the heater and thermometer in oil.
3. Record the initial temperature of the metal block.
4. Allow current to flow until there is a temperature rise of about 0 C.
5. Switch off the power supply, allow time for the heat energy to spread throughout the metal block and record the highest temperature.
6. Record the rise in temperature, T, is therefore and the final joulemeter reading, Q.


Conclusion
Energy supplied electrically = energy gained by the metal block

                        Q = mc	where c = specific heat capacity

And 	            	
Accuracy
· To improve accuracy we can begin by chilling the metal block. Heat gained below room temperature will be cancelled by heat lost above room temperature.
· A larger temperature change will reduce the percentage error.	

MEASUREMENT OF SPECIFIC HEAT CAPACITY OF WATER BY AN ELECTRICAL METHOD 

					
  +


  _





Joulemeter 
Thermometer 




Heating coil


Insulated  beaker




Method 
1. Find the mass of the calorimeter 
2. Find the mass of the calorimeter plus the water, and use this to find the mass of the water. Note the initial temperature.
3. Allow current to flow until there is a temperature rise of about 0 C.
4. Switch off the power supply, allow time for the heat energy to spread throughout the metal block and note the highest temperature.
5. Record the rise in temperature, T, is therefore and the final joulemeter reading, Q.


Conclusions 
Electrical energy supplied  = energy gained by water + energy gained by calorimeter


                         	 
							where c = specific heat capacity

Accuracy
· To improve accuracy we can begin by chilling the water. Heat gained below room temperature will be cancelled by heat lost above room temperature.
· A larger temperature change will reduce the percentage error.
· If a joulemeter is unavailable, the energy, Q, can be calculated using the formula

			
	V = voltage , I = current ,	t = time


MEASUREMENT OF THE SPECIFIC LATENT HEAT OF FUSION OF ICE


Thermometer 




Ice 



 filter  paper

Insulation 



Method
1. Place some ice cubes in a beaker of water and keep taking the temperature with the thermometer until the ice-water mixture reaches 0 °C.
2. Find the mass of the calorimeter. Half fill the calorimeter with water  warmed to approximately 10 °C above room temperature.  Find the combined mass of the calorimeter and water, and use this to find the mass of the water.
3. Record the initial temperature T1 of the calorimeter plus water.
4. Surround the ice cubes with kitchen paper or a cloth and crush them between wooden blocks – dry them with the kitchen paper and add the ice to the calorimeter until the temperature of the water has fallen by about 20 °C.
5. 
Record the lowest temperature T2 of the calorimeter plus water plus melted ice.  The rise in temperature of the ice  T2°C and the fall in temperature of the calorimeter plus water  is T1 – T2.
6. Find the increase in  mass of the calorimeter .  This is the  mass of the melted ice.

Conclusions
Energy gained by ice  = energy lost by calorimeter + energy lost by the water.



Accuracy
· Warming the water beforehand ensures that heat lost above room temperature will be cancelled by heat gained below room temperature.
· A large temperature change (such as 20oC) ensures a reduced percentage error.

MEASUREMENT OF THE SPECIFIC LATENT HEAT OF VAPORISATION OF WATER




       Steam trap



 Thermometer 









Insulated beaker


 Heat source



Method
1. Find the mass of the calorimeter.  
1. Half fill the calorimeter with water cooled to approximately 10 °C below room temperature.  Find the mass of the water plus calorimeter, and hence the mass of the water.   Record the temperature of the calorimeter plus water T1.
1. Allow dry steam to pass into the water in the calorimeter until the temperature has risen by about 20 °C.  Remove the steam delivery tube from the water, taking care not to remove any water from the calorimeter in the process.
1. 
Record the final temperature T2 of the calorimeter plus water plus condensed steam.  The fall in temperature of the steam  is 100 – T2.
1. 
The rise in the temperature of the calorimeter plus water  is T2 – T1.
1. Find the mass of the calorimeter plus water plus condensed steam m2, and hence the mass of the condensed steam .
Conclusions
Energy lost by steam = energy gained by calorimeter + energy gained by the water

          	   
and l, the latent heat of vaporisation, can be calculated
Accuracy: Cooling the water beforehand ensures that heat lost above room temperature will be cancelled by heat gained below room temperature.
A large temperature change (such as 20oC) ensures a reduced percentage error.


Electricity

VERIFICATION OF JOULE’S LAW (As   I 2)
					Variable resistor

							
			 

 ammeter
A




thermometer




Heating coil


insulated beaker


Method
1. Set up the apparatus as shown. Note the initial temperature.  
2. Switch on the power and simultaneously start the stopwatch. Allow a current of 0.5 A to flow for five minutes, adjusting the rheostat if necessary to keep the current constant.  
3. 
Stir and note the highest temperature.  Calculate the change in temperature .  
4. Repeat the above procedure for increasing values of current I. Each time, use the same mass of water and allow the current to flew for the same time. Take e several  readings.  

Joule’s Law actually states that ,    where P is the power

But       

                   

If  mass and time are kept constant, as is the case  here, we can say that 


Therefore, if  I 2, we can conclude that 

Conclusion

Plot a graph of against I 2 I2/ A2

/ oC


A straight-line graph through the origin verifies that  I 2   i.e. Joule’s law.

Accuracy
· Heat loss will be reduced by insulating the calorimeter
· Also, starting with cooled water will ensure that heat gained below room temperature will be cancelled by heat lost above room temperature 


TO MEASURE THE RESISTIVITY OF THE MATERIAL OF A WIRE

  

Ohmmeter



Nichrome wire



Metre-stick
l



Method
1. Set up the apparatus as shown. Ensure that  the resistance of the leads when the crocodile clips are connected together is zero. 
2. Tie a length of nichrome between the bars of the two stands as shown above.  Stretch the wire enough to remove any kinks or ‘slack’ in the wire.
3. Note the resistance, R for a particular length, l of wire.
4. Increase the distance between the crocodile clips.  Measure the new values of R and l.
5. Make a note of the zero error on the micrometer.  Use the micrometer to find the diameter of the wire at different points, taking the zero error into account.   Find the average value of the diameter d.
6. Repeat this procedure for a number of different lengths.

Conclusions 
For each set of results, calculate the resistivity using the formula,


  (where ).
Take the average value as the resistivity.

Accuracy
· Kinks in the wire will affect both the measurement of length and the cross-sectional area. 
· Greater lengths will reduce the percentage error




TO INVESTIGATE THE VARIATION OF THE RESISTANCE OF A METALLIC CONDUCTOR WITH TEMPERATURE



Ohmmeter 

Glycerol-filled boiling tube




Thermometer 
Metallic conductor

	


Heat source (such as a hot-plate, or bunsen burner)


Method
1. Set up the apparatus as shown
2. Use the thermometer to note the temperature of the glycerol, which is also the temperature of the coil.
3. Record the resistance of the coil of wire using the ohmmeter.
4. Slowly heat the beaker.
5. For each 10 C rise in temperature record the resistance and temperature using the ohmmeter and the thermometer.  

Conclusions 
Plot a graph of resistance against temperatureR / 

T / oC

Accuracy
· It is important to slowly heat the water, to avoid a situation where the liquid will be much hotter than the wire
· It is important to use as accurate a thermometer as possible


TO INVESTIGATE THE VARIATION OF THE RESISTANCE OF A THERMISTOR WITH TEMPERATURE



Ohmmeter 

Glycerol-filled boiling tube




          Thermometer 
              thermistor

	


Heat source (such as a hot-plate, or bunsen burner)
Heat source

Method
1. Set up the apparatus as shown.
2. Use the thermometer to note the temperature of the glycerol,  and therefore of the thermistor.
3. Record the resistance of the thermistor using the ohmmeter.
4. Heat the beaker.
5. For each 10 C rise in temperature, record the resistance and the temperature using the ohmmeter and the thermometer.  

Conclusions 
Plot a graph of resistance against temperatureR / 

T / oC

Accuracy
· It is important to slowly heat the water, to avoid a situation where the water will be much hotter than the wire
· It is important to use as accurate a thermometer as possible
 
TO INVESTIGATE THE VARIATION OF CURRENT (I) WITH P.D. (V) FOR A METALLIC CONDUCTOR ETC.
A
V
+
6 V
-
Nichrome wire






	







Method
1. Set up the circuit as shown and set the voltage supply at, say,  6 V d.c.
2. Move the slider along the resistor to obtain different values for the voltage V and hence for the current I.
3. Obtain a number of values  for V and I  and plot a graph of I against V.
4. Repeat, replacing the wire with these various  devices.

Conclusionsfilament bulb 

metallic conductor

       I
V


I/A





V/V





semiconductor diode
copper sulphate solution with copper electrodes


I / mA
I/A


I / A



.V/V
V/V


Forward bias
Reverse bias
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