Carmel Holy Word Secondary School Advanced physics TAS laboratory menu.

Third laboratory work : Measurement of Young modulus for various material.
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Preliminary questions

1.
State the meaning of Hooke’s Law ? Under what condition will a wire obey Hooke’s Law ?

2.
Compare elastic deformation and plastic deformation.

3.
Write down the definitions for stressσ , strainε and Young modulus E in terms of force F, surface area A, extension e and unstretched length l.

4.
Under the same applied force and with the same unstretched length, will a wire with a larger cross-sectional area extend more than a wire with a smaller cross-sectional area ? Why ?

5.
In comparing the stiffness of materials, explain the advantages of using Young modulus instead of force constant.
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Experiment 3 : Properties of copper wire

Objective


By finding the stress-strain graph of copper wire, we study different properties of copper wire and its dependence on its length.
Apparatus


1.
Copper wires


2.
Slotted masses with hanger


3.
G-clamp


4.
wooden block


5.
white label sticker


6.
Pulley with clamp


7.
rubber plate


8.
metre rule


9.
sticky tape


10.
micrometer screw gauge

Setup
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Procedures

1.
Measure the diameter of the copper wire at different points by using the micrometer screw gauge and record the data in Table 1. Calculate its cross-sectional area.

2.
Put on the protective goggles.

3.
Mount the pulley on the table. Cut a 2 m long copper wire and mount one of its end firmly between two wooden blocks with the G-clamp. Keep the separation between the wooden blocks and the pulley at about 1.5 m.

4.
Plate the rubber plate on the ground below the pulley. Pass the wire through the pulley, tie a loop on this end of the wire. Place a 100 g hanger at the loop, keep it 0.5 m above the plate and make sure that the wire is taut enough. (The 100 g hanger is excluded from the load as we don’t measure the extension made by it.)

5.
Place the white label sticker on the wire at about 0.5 from the pulley. Fix a metre rule below the sticker with a sticky tape.

6.
Measure the unstretched length as the distance between the wooden blocks and the sticker.

7.
First, add load to the hanger in step of 100 g initially and record the extension in Table 2. After finding that the extension is no longer proportional to the mass added, add load at a smaller step of mass.

8.
Stop the experiment after the wire breaks. Cut a small section from the broken wire and stick it on your lab report.

9.
Repeat steps 1 – 8 by using a wire of the same cross-sectional area but with a shorter length.

Precautions

1.
Always add the load to the hanger slowly and carefully to avoid exerting impulse on the wire.

2.
Data is taken after the sticker stops moving.

3.
As the wire is going to break, WARN other people to stay away from your table.

Data

First wire

1.
Table 1
	D1
	D2
	D3
	D4
	Mean D

	
	
	
	
	



2.
Cross-sectional area = 







3.
Natural length = 








4.
Table 2 (Take g = 9.81 m s-2)

	Load (     )
	
	
	
	
	
	
	
	
	
	

	Extension (   )
	
	
	
	
	
	
	
	
	
	

	Stress (     )
	
	
	
	
	
	
	
	
	
	

	Strain
	
	
	
	
	
	
	
	
	
	


	Load (     )
	
	
	
	
	
	
	
	
	
	

	Extension (   )
	
	
	
	
	
	
	
	
	
	

	Stress (     )
	
	
	
	
	
	
	
	
	
	

	Strain
	
	
	
	
	
	
	
	
	
	



Teacher’s signature :




Shorter wire

5.
Table 1
	D1
	D2
	D3
	D4
	Mean D

	
	
	
	
	



6.
Cross-sectional area = 







7.
Natural length = 








8.
Table 2 (Take g = 9.81 m s-2)

	Load (     )
	
	
	
	
	
	
	
	
	
	

	Extension (   )
	
	
	
	
	
	
	
	
	
	

	Stress (     )
	
	
	
	
	
	
	
	
	
	

	Strain
	
	
	
	
	
	
	
	
	
	


	Load (     )
	
	
	
	
	
	
	
	
	
	

	Extension (   )
	
	
	
	
	
	
	
	
	
	

	Stress (     )
	
	
	
	
	
	
	
	
	
	

	Strain
	
	
	
	
	
	
	
	
	
	


Calculations and graphs


1.
Plot the two stress against strain graphs for the two wires on the same graph paper.

2.
Assume the elastic limit is equal to the proportional limit. Locate the elastic limit on your two graphs. Hence, determine the maximum load (in kg) for elastic deformation.

	
	First wire
	Shorter wire

	Maximum load (kg)
	
	



3.
Locate the yield points on your graphs.


4.
Find the breaking stresses of the two copper wires.

	
	First wire
	Shorter wire

	Breaking stress
	
	



5.
Find the Young modulus by measuring the slope of the straight portion of the graph.

	
	First wire
	Shorter wire

	Young modulus
	
	


Discussion


1.
Describe the shape of the broken wire near the breaking point.

2.
Estimate the percentage error in the Young modulus of the first wire by measuring the maximum and minimum slope of the straight line section of the first stress-strain graph.

3.
During the elastic deformation, the hanger falls and loses gravitational potential energy, discuss where does this energy go ?

4.
During the plastic deformation, the hanger falls and loses gravitational potential energy, discuss where does this energy go ?

5.
By comparing the graphs for the two wires, discuss the effect of length on the maximum load for elastic deformation, breaking stress and Young modulus.

Conclusion

PAGE  
2/5

HKAL Physics TAS lab menu 3


_1136831964.bin

