Mass-Energy
1.
Calculate the increase in mass associated with 1 kg being raised through a height of 1 m.

2.
A spring, of constant 25 Nm-1 is stretched by 10 cm.  Calculate the associated increase in mass of the spring.

3.
Use a table of mass defects to estimate the energy released if


(a)
1 atom of U-238 were to split into 2 atoms of Pa-110 (answer in MeV)


(b)
1 kg of U-238 were to split into atoms of Pa-110. (answer in J)


(c)
2 atoms of H-2 were to fuse to produce 1 atom of He-4. (answer in MeV)


(d)
1 kg of H-2 were to fuse to produce He. (answer in J)

4.
The calorific value of coal is about 40 MJkg-1.


(a)
Calculate the mass of coal required to produce the same energy as that released in the reaction described in Q3 part (b).


(b)
Calculate the mass of coal required to produce the same energy as that released in the reaction described in Q3 part (d).

5.

Describe how you would measure the specific heat capacity of a liquid such as paraffin.  Your description should include a diagram of the apparatus, the measurements to be taken, a brief description of the procedure and an explanation of how the specific heat capacity should be calculated from the the measurements.

3.
The rest mass of a proton is 938 MeV/c2.  Calculate the rest mass expressed in kg.

6.
In order to prepare the water for a hot bath it is necessary to heat 100 kg of water through 30 oC.  


(a)
Calculate the heat energy required.  (cwater = 4200 J/kgK)


(b)
Elecrical energy costs about 2 p per MJ.  How much would it cost to elecrically heat the water for the bath?

7.
100 g (0.1 kg) of water of specific heat capacity 4200 J/kgK is initially at 20 oC in a lagged container (calorimeter).  50 g of a solid substance, initially at a temperature of 100 oC is transferred to the water.  This causes the temperature of the water to rise to 30 oC


(a)
How much energy has been transferred to the water? .  (You may ignore the small effect that the calorimeter itself has on the result.)


(b)
What is the final temperature of the solid substance?


(c)
By how much has the internal energy of the solid substance decreased?


(d)
Calculate the specific heat capacity of the solid substance.

Remember that for E = mc2 to ‘work’ E must be in J, m in kg and c in ms-1.


However, masses in particle physics are often expressed by the relationship m = E/c2, using the units MeV and GeV for the energy.  This gives nice easy numbers for the resulting ‘masses’.

Remember:
1 eV
=
1.6 x 10-19 J



1 MeV
=
1.6 x 10-13 J



1 J
=
1/1.6 x 10-13 MeV = 6.25 x 1012 MeV.


Don’t go wrong about which way this conversion works.


A particular energy expressed in eV or MeV (rather than Joules) is the much bigger number.

1.
The rest mass of a particular Pion (π0) is 135 MeV/c2.


(a)
Show that 135 MeV = 2.16 x 10-11 J


(b)
Hence show that the mass expressed in kg of the π0 is 2.4 x 10 -28 kg.

2.
The rest mass of an electron is 9.1 x 10-31 kg.  Express this mass in MeV/c2.

