
Heat engines S43 

 

1. a) hCarnot = 
Wuseful

QH
 = 

40 J
100 J

 = 0.40 = 40 % 

 

 b) hCarnot = 
QH! QC
QH

 = 
100 J – 60 J

100 J
 = 0.40 = 40 % 

 

 c) hCarnot = 
TH! TC
TH

 =  
500 K – 300 K

500 K
 = 0.40 = 40 % 

 
 
 
2. a), b) and d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 b) QC = QH – Wuseful = 200 J – 50 J = 150 J 
 

 c) hCarnot = 
Wuseful

QH
 = 

50 J
200 J

 = 0.25 = 25 % 

 

 d) hCarnot = 
TH! TC
TH

 hCarnot · TH = TH – TC 

 
  TC = TH – hCarnot · TH = TH · (1 – hCarnot) = 400 K · (1 – 0.25) = 300 K 
 
 
 

3. The number above the fraction bar needs to be large. That is, for hCarnot = 
TH! TC
TH

 the 

difference in temperature (TH – TC) ought to be as large as possible. 
 
 
 

4. a) hCarnot = 
TH! TC
TH

 =  
773 K – 293 K

773 K
 = 0.621 = 62.1 % 

 
 b) Wuseful = hCarnot · QH = 0.62 · 2’600 kJ = 1’614 kJ = 1.61 MJ 
 
 c) QC = QH – Wuseful = 2.6 MJ – 1.6 MJ = 986 kJ 
 
 
  

TC = 300 K 

TH = 400 K 

 

heat 
engine 

 

QH =  
200 J 

 Wuseful = 50 J 

QC = 
150 J 



KSA, grade 4 S43 Heat engines sgamper 

5. a) hCarnot = 
Wuseful

QH
 = 

Wuseful

QC	#	Wuseful
 hCarnot · (QC + Wuseful) = Wuseful 

 
  hCarnot · QC + hCarnot · Wuseful = Wuseful 
 
  hCarnot · QC = Wuseful – hCarnot · Wuseful = Wuseful · (1 – hCarnot) 
 

  QC = 
Wuseful	·	(1	–	ηCarnot)

ηCarnot
 = 

1.00 GJ	·	(1	–	0.30)
0.30

 = 2.33 GJ 

 
 b) TC = TH · (1 – hCarnot) = 473 K · (1 – 0.30) = 331 K JC = 58 °C 
 
 c) increase JC: 
 

  TC = TH · (1 – hCarnot) = 473 K · (1 – 0.60) = 189 K JC = –84 °C 
 
  decrease JH: 
 

  TH = 
TC

1 – ηCarnot
 = 

331 K
1 –	0.60

 = 828 K JH = 555 °C 


