
Physics 110 homework assignment #2
due 16 September 2011

(1) The specific heat capacity of water is c = 4186 J/K kg. A 300 Watt
electric heating element is placed in a styrofoam cup containing 250
g of water. (One Watt is a Joule per second; the wattage measures
the rate at which the heating element adds heat to its surroundings.)
How long does it take the element to raise the temperature of the
water from room temperature of 25◦ C to the boiling point, 100◦ C
(assuming no heat is lost through the cup or the top of the water)?

(2) Once more we have 250 g of water at 25◦ C sitting in a styrofoam cup.
Into the water we drop a 400 g block of iron that has been heated to
100◦ C. When the system reaches equilibrium, the final temperature
is 36◦ C. Find the specific heat capacity of iron. Write this as a
percentage of the specific heat of water.

(3) The PV plane of a PVT system (not necessarily an ideal gas) is shown
in the diagram below. When the system is taken from state a to state
b along the path agb, 50 J of heat flow into the system and the system
does 20 J of work on its surroundings.

(a) According to the diagram, what is the work done by the system
during process ag? How about bh?

(a) When the system is taken from a to b along the path ahb, it does
5 J of work. How much heat flows into the system?

(b) The system returns from b to a along the curved path shown. The
work done on the system to compress it is 10 J. Does the system
absorb or expel heat? How much?



(d) If Ea = 0 J and Eh = 20 J, find the heat absorbed during the
process ah.

(e) What additional measurement of work or heat transfer would suf-
fice to determine Eg and Eb?

(f) In the cyclic process agbha, how much work is done by the system?
How much heat is absorbed by the system?

(4) Helium gas is kept at high pressure (50.0 × 105 Pa) inside a cylinder
with a volume of 1 liter. Initially, the He gas and the surrounding
air are both at a temperature of 25◦ C. A slow leak develops and the
He seeps slowly out into the air, which has a pressure of 1.00 × 105

Pa. Because the leak is so slow, the helium stays essentially at room
temperature throughout the process.

(a) What volume does the helium occupy when it has leaked into
the room? (Of course, it is mixed in with the room air; but the
principle remains the same.)

(b) How much heat has been added to the helium during this process?

Assume that He gas is ideal, of course.

(5) Last week we mentioned the van der Waals fluid, which has an equation
of state (

P +
aN2

V 2

)
(V −Nb) = NkT. (1)

where a and b are constants. Find the work done by a van der Waals
fluid when it expands isothermally from Vi to Vf . (Note: You must
perform an integral to solve this problem. If you have any difficulties,
ask a classmate or see me!)
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