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In 1989, Brendan Keenoy ran up 1760 steps in the CN Tower in Toronto,
reaching a height of 342 m in 7 min 52 s. Suppose the amount of work
done by Keenoy is done by a heat engine. The engine’s input energy is
1.34 MJ, and its efficiency is 0.18. How much energy is exhausted from,
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and how much work is done by the engine?
SOLUTION

ADDITIONAL PRACTICE

Given: Qn=134MJ=134x10°] eff =0.18
Unknown: 0.=¢ Wiher=2

Use the equation for the efficiency of a heat engine, expressed in terms of Q;, and
Wier. The net work equals the work done in climbing the tower ( mgh).

Qc=Qn (1-eff) = (1.34 X 10° J)(1 - 0.18) = (1.34 x 105 1)(0.82)

Q.=|1.1x10%]
Whet=Qp~ Q:=134x10%] - 1.1 105 ] =

1. The oldest working steam engine was designed in 1779 by James Watt.
Suppose this engine’s efficiency is 8.0 percent. How much energy must be
transferred by heat to the engine’s surroundings if 2.5 kJ is transferred by
heat into the engine? How much work is done?

2. In 1894, the first turbine-driven ship was designed. Suppose the ships
turbine’s had an efficiency of 16 percent. How much energy would have
been exhausted by the turbines if the input energy was 2.0 x 10° J and
the net power was 1.5 MW?

3. Asteam engine built in 1812 still works at its original site in England. The
engine delivers 19 kW of net power. If the engine’s efficiency is 6.0 percent,
how much energy must be transferred by heat to the engine in 1.00 h?

4. The first motorcycle was built in Germany in 1885, and it could reach a
speed of 19 km/h. The output power of the engine was 370 W. If the engine’s
efficiency was 0.19, what was the Input energy after 1.00 min?

5. A fairly efficient steam engine was built in 1840. It required burning only
0.80 kg of coal to perform 2.6 MJ of net work. Calculate the engine’s effi-
ciency if burning coal releases 32.6 M]J of energy per kilogram of coal.

6. The world’s tallest mobile crane can lift 3.00 x 10* kg to a height of
1.60 x 10 m. What is the efficiency of a heat engine that does the same
task while losing 3.60 x 108 J of energy by heat to the surroundings?
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