Physics 157 Homework 6: due Wed, Oct 30th by 5pm
In this homework set, you’ll get more practice analyzing thermodynamic processes, with a
focus on calculating the efficiency of heat engines. In addition to the goals from last week, we
want you to be able:
 To calculate the net work done in a cyclic process
 To identify which in which parts of a cyclic thermodynamic process heat is flowing in to the
system, and in which parts heat is flowing out.
 To calculate the efficiency of a heat engine, given a description of the thermodynamics
processes associated with it, or a depiction of the cycle on a PV-diagram
A summary of the formulae you may need:

Ideal gas law:

P V = n R T or P1 V1 / T1 = P2 V2 / T2 if n is constant.

Work:
W = P ΔV (constant pressure) or area under curve on P-V diagram. Positive for
expansion, negative for compression.
Internal energy:

ΔU = n Cv ΔT

Heat: Q = ΔU + W (First Law of Thermodynamics)
__________________________________________________________________________
Constant volume: T/P is constant, W = 0 so Q = ΔU
Constant pressure: T/V is constant, W = P ΔV , Q = n Cp ΔT where Cp = Cv + R
Constant temperature: PV is constant, ΔU = 0, so Q = W. W = n R T ln(Vf/Vi),
Adiabatic: Q = 0, P Vγ = constant, T Vγ-1 = constant where γ = Cp/CV, W = -ΔU
_________________________________________________________________________
Efficiency of an engine: e = Wnet / Qin where Qin is the sum of all positive contributions to
Q
__________________________________________________________________________

Part 1: Do the mastering physics assignment
Part 2: Do the written question on the next page and hand it in in the
homework box.

Written Question: You have just taken up a job in the R&D office of
Fuel-n-Fun, a company that specializes in fossil-fuel based children’s
products. Your first assignment is to evaluate three proposals for the
design of a gasoline-powered device to entertain babies. Each design is
based around air (use CV = 5/2R) in a cylinder with a piston that moves
up and down in response to heating/cooling. All added heat for the
various processes comes from burning gasoline (35MJ/L). The
thermodynamic cycles associated with the three designs (for a fixed
baby-weight) can be modeled by the following PV diagrams, where in all
cases, the temperature at the bottom-left corner of the cycle is 300K.

Psychologists have determined the happiness of a baby on such a device is directly
proportional to the net work performed on them per time (up to a limit), regardless of
the design. If we want to produce a certain amount of net work by burning the least
amount of fuel, which is the most efficient design, and what is its efficiency? For this
design, how much gasoline do we have to burn per hour if we want the baby to move up
and down 10 times per minute?

See next page for old midterm problems (not to be handed in). You can ignore the parts
about entropy for now.

