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Chapter 14
Laws of Thermodynamics
	
	
	Answer
	Extra information
	Mark

	1
	a
	Boyle’s law; p proportional to 1/V  T const

Charles’ Law; V proportional to T  p const

p proportional to T  V const
	1 mark each (2 out of 3)
	2

	
	b
	Column length for 100 oC is100 mm

1oC per mm

At 70oC length containing inert gas = (20 +30) mm

= 50 mm

At 20oC (293K) pressure of gas is 0.35×105 Pa

pfVf /Tf = piVi /Ti
pf ×50/343 = (0.35 ×105×100)/293

pf = 0.82×105 Pa
	1 mark calibration

1 mark length of gas at 70oC

1 mark pressure working

1 mark answer
	4

	Total marks
	6

	2
	a i
	Work is done on the gas.


	
	1

	
	a ii
	ΔU= ΔU= - ΔW = +350 J
	
	1

	
	b
	Δ W = - Δ U = - 70 J
	
	1

	Total marks
	3

	3
	a
	pfVf /Tf = piVi /Ti
Tf = (pf/pi)(Vf/Vi)Ti 

   = (32/1.1)(45/600)303 K

= 661 K i.e. 660 K
	1 mark setting up formula,

1 mark working

1 mark answer
	3

	
	b
	ΔU=ΔQ+ΔW (or in words) 

    (sign convention can vary)

ΔW positive (work done on gas) 
Compression happend quickly, so no heat flow. (adiabatic) ΔQ=0
So internal energy (ΔU) of gas increases
	1 mark each 


	3

	                     Total marks
	6

	4
	a
	For gas to be isothermal we need pfVf = piVi  (as T constant)

piiVi = 5.2 ×105×1.1×10-4 = 57.2 Pa m3
pfVf = 1.3 ×105×4.4×10-4 = 57.2 Pa m3
So isothermal
	1 mark each value

I mark argument

 
	3

	
	b i
	As expansion very rapid there is no time for thermal energy to enter or leave system
	
	1

	
	b ii
	pfVf γ = piVi γ
Vf = Vi (pi/pf)y/1
   = (4.4×10-4)(1.3/1.02)0.714

    = 5.23×10-4m3
	1 mark method

1 mark working

1 mark answer
	3

	
	b iii
	Tf = (pf/pi)(Vf/Vi)Ti 

   = (1.02/1.3)(5.23/4.4)290 K

   = 270 K or -3oC 
( or can use Tf = Ti (Vf/Vi)1/γ
   = 290(4.4×10-4/5.23×10-4)0.4 K )
	1 mark method

1 mark working

1 mark answer
	3

	Total marks
	10


	5
	a
	T = pV/R= (101×103×2.24×10-2)/8.31 K 

   = 272K
	1 mark method

1 mark answer
	2

	
	b
	pV/T = const

q to r; V const; p doubles Tq = 544 K (doubles)

r to s; p const; V doubles  Tr = 1088 K (doubles)

s to t; V const  p halves Ts = 544 K (halves)
	1 mark each
	3

	
	c
	Work = area within pV diagram of cycle

Work = pqVq =(101×103×2.24×10-2) J

          = 2.3 kJ 
	1 mark method

1 mark working

1 mark answer
	3

	Total marks
	8

	6
	a i
	Area approximately 35 squares (± 4allowed)

Energy = 32×50×103×5 ×10-3 J

            = ~8 kJ
	1 mark area

1 mark answer
	2

	
	a ii
	Power = 5×8 kJ per second 
          = 40 kW
	
	1

	
	a iii
	Input Power = 34×106×1.5 ×10-2 W

           = 510 kW
So efficiency = 40 / 510 = 0.078  or 7.8%
	
	2

	
	b
	Less fuel as water pre-heated

Same amount of steam per cycle

Power output higher as more area within pV diagram

Efficiency improved
	1  mark each
	4

	         Total marks
	9

	7
	a
	All energy goes to heating room.

So heat from refrigerator contents = (250-80) J = 170 J
	
	2

	
	b
	COP = (heat extracted/work done) 

= (170/80) = 21  
	1 mark method

1 mark answer
	2

	Total marks
	4

	8
	a
	COP = heat provided/work done

2.30 = heat provided/1.10

Heat provided = 2.53 kW
	1 mark method

1 mark answer
	2

	
	b
	Rate at which absorbs heat from atmosphere 

    = (2.53-1.10) = 1.43 kW
	1 mark method

1 mark answer
	2

	Total marks
	4

	Total for test paper
	50
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