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3.2 Modellinga Gas

Question Paper

Course DPIB Physics
Section 3.Thermal Physics
Topic 3.2Modellinga Gas
Difficulty Hard

Time allowed: 50

Score: /38

Percentage: /100
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Questionla
An airship floats in air due to a balance of weight and buoyancy forces. The buoyancy force is equal to the weight of the air
that would have taken up the space that the airship occupies.

Atone pointin the flight, the helium gas has a temperature of 12 °C and a mass of 1350 kg. The mass of the airship materials is
6970 kg.

/\ Buoyancy

T oooooosss /
WV weight ) d

Airhas a density of 1.225 kg m~3 and the atomic mass of heliumis 4 gmol~".

(a)
Calculate the pressurein the airship at this pointin the flight.

(3]
[3marks]
Question1b
(b)
Calculate the surface area of the inside surface of the airship at this same pointin the flight.
(2]
[2 marks]
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Question1c
The pressure within the airship remains constant as the material surrounding the airshipis able to expand and contract when
the gas inside changes temperature.

(c)

Determine the temperature, in °C, atwhich the airship could maintain a constant height.

(2]
[2 marks]
Question 2a
Acylinderis fixed with an airtight piston containing anideal gas of temperature 20 °C.
When the pressure, Pin the cylinderis 3 x 104 Pa the volume, Vis 2.0 x 1073 m?3,
(a)
Calculate the number of gas molecules presentin the cylinder.
[2]
[2 marks]
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Question 2b

The pistonis slowly pushedin and the temperature of the gas remains constant.

(b)

Draw a graph by plotting three additional points on the axis to show the relationship between pressure and volume as the

pistonis slowly pushedin.
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[2]

[2 marks]
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Question 2¢c

The cylinder, cylinder Xis connected now to a second cylinder, cylinder Y which s initially fully compressed. Cylinder Y has a
diameter two times that of the diameter of cylinder X. The total number of molecules in the system remains the same.

X Y

Cylinder Xis pushed down by a distance Ah, causing Y to move up a distance Ahy, The pressure and temperature within the
system both remain constant.

(c)
Determine theratio Ah, : Ah,,.

[2]
[2 marks]

Question 2d

Initially, the gas molecules are divided between both cylinders. The diameter, d, of cylinder X, is 16 cm. The piston in cylinder X
is compressedata constantrate until all of the gasis movedinto cylinderY over a period of 5 seconds.

Assumethat the volume of the connecting tubeis negligible.

(d)
(i)
Sketch andlabel a graph to show how the length of the cylinderY, h, changes with time.
(3]
(i)
Calculate the power exerted during the compression.
(2]

[5marks]
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Question 3a

Agas syringeis connected through a delivery tube to a conical flask, which isimmersedin anice bath. The syringeis
frictionless so the gas pressure within the system remains equal to the atmospheric pressure 101kPa.

Conical flask Delivery tube

Ice bath Gas syringe

R

The total volume of the conical flask and delivery tube is 275 cm?, and after settlingin the ice bath whilst the ice is melting the
gas syringe has avolume of 15 cm?.

(a)
Calculate the total number of moles contained within the system.

(2]

[2 marks]
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Question 3b
When theice bathis heated ata constantrateit takes the following time to melt theice and heat the water:

¢ Timeforicetomeltis 3minutes
¢ Time fromice melting to waterboilingis 10 minutes
¢ Timeforwaterto boilis 3minutes

(b)
(i)
Calculate the volume of the gas atits boiling point.
(1
(i)

Sketch a graph to show this process.
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[2]
[3marks]
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Question 3¢

Aburnerinthebase of ahotairballoonis usedto heatthe airinside the balloon.

The mass of the balloon can bereduced by releasing sand from the basket of the balloon.
(c)

(i)

Explain how the burneris used so the balloon canrise.

(3]
(if)
Explain how the forces on the balloon change with altitude and as the mass of the balloon decreases.
[3]

[6 marks]
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Question 4a

Asealed container C has the shape of arectangular prism and contains anideal gas. The dimensions of the containerare
l,wandh.

¢ Theaverage force exerted by the gas on the bottom wall of the containeris F
e Therearenmoles of gasin the container
e Thetemperature ofthegasisT

(a)
Obtain an expressioninterms of F, nand T for the height of the container.

[2]
[2 marks]

Question 4b

Asecondcontainer D contains the sameideal gas. The pressurein Dis a fifth of the pressurein C and the volume of D is four
times the volume of C.In D there are three times fewer molecules thanin C.

The temperature of cylinderDis 600 K.

(b)
Calculate the temperature of cylinderDin °C.
[2]

[2 marks]
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Question 4c

The temperature of a different container Eis 60 °C. At this temperature, the pressure exerted by the ideal gas is 1.75 x 10° Pa.
The containeris a cube andhas a heightof4cm.

(c)

Calculate the number of molecules of gas in this container.

[3]
[3marks]
Question 4d
In a different container F the pressure of the gas is measured at different temperatures whilst the volume and number of
moles are kept the same.
(d)
Plot a graph to show how the pressure varies with temperature for this gas.
Pressure / Pa x 10°
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[2]
[2 marks]
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