Thermal Physics

1 Figure 1 and Figure 2 show apparatus used in an experiment to confirm the distribution of atom
) speeds in a gas at a particular temperature.

Figure 1

Figure 2

_-detector

L

exit hole vacuum

The oven contains an ideal gas kept at a constant temperature. Atoms of the gas emerge from
the oven and some pass through the narrow slit S in a rapidly rotating drum. The drumisin a
vacuum.

(a) Explain why the drum must be in a vacuum.

(If not in a vacuum) gas atoms will collide with air atoms, changing their direction or speed distribution.

1)

One atom leaves the oven, enters the drum through S and travels in a straight line across the
drum.

In the time taken for the atom to move from S to the detector AB, the drum rotates through 45°.
The atom hits the detector at point C, as shown in Figure 2.

drum diameter = distance from S to A = 0.500 m
drum rotational speed = 120 revolutions per second

www. Educate-UK.net
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Text Box
(If not in a vacuum) gas atoms will collide with air atoms, changing their direction or speed  distribution.
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Thermal Physics

(b) Show that the atom is moving at a speed of about 500 m s™".

L
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(c) The speed of the atom in part (b) is equal to ¢, the root mean square speed of the atoms
of the gas in the oven.
The molar mass of the gas is 0.209 kg mol™'.
emw;t“f“ "t Calculate the temperature of the gas in the oven.
( 3 202
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Thermal Physics

(d) The oven temperature is kept constant during the experiment but the pressure in the oven
decreases as atoms leave through the exit hole.

Explain, using the kinetic theory, why the pressure decreases.

(Pressure is due to collisions of atoms with oven walls) With fewer atoms fewer collisions per second

but average momentum change per collision stays the same
or

therefore thetotal momentum change per second falls (SO pressure drops)
Or ; ;
reference to , pv=5aNm ( Cyms }

1

crms is constant as T is constant hence p &/ N (so pressure drops)

2

2
(e) The pressure of gas in the oven is initially 5.0 x 10* Pa.

The volume of the oven is 2.7 x 1072 m3,

During the experiment the pressure in the oven decreases to 4.5 x 10* Pa.

Calculate, in mol, the amount of gas that has emerged from the oven.

T Constant Byl Can ¥ use Ysng\e,'s low  Smee mass o}’, 9 okanjas\

T_ Qoy\s*{:ant —_ Cyms 2 also Constant.

P 5 \H 2.3 o z
| 3 A% 3 xS xlo x 2.Fx s |

@ F\/: —\3—/\}M (CXM!) ~——>/\/'~_._ - = .oé?l?-xo
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“ -1
3 x 4.3 xlo x2.Fxb

AR

N, = = 1.55¢95 xw0
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D4F\VFEXW0 X 490

amount of gas = mol

L@
2\ 5‘063\3)(10‘
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-
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Text Box
(Pressure is due to collisions of atoms with oven walls) With fewer atoms fewer collisions  per second 

 but average momentum change per collision stays the same
 or
 therefore the total momentum change per second falls (so pressure drops)

Or
reference to 


 crms is constant as T is constant hence p ✔ N (so pressure drops)
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Thermal Physics

(f) Atoms enter the drum every time S passes the exit hole. The detector darkens at the point
where an atom strikes it.
After a time, the detector is removed from the drum.
Figure 3 shows the appearance of the detector.

Figure 3

\

I\
B III'|. A.

A new detector is placed in the drum and the experiment is repeated with a new sample of
the same gas at a higher temperature.

Describe and explain the appearance of this detector when the experiment is repeated.

At higher temp atoms will be faster (so drum will not have turned as far) «/ 1a
Dark i

Allow

more atoms will pass through S as it passes the oven, for the first
mark

e e

linked to the more atoms

)
(Total 11 marks)

A solar panel transfers energy at a rate of 1.2 kW to liquid passing through it. The liquid has a
specific heat capacity of 4.0 kJ kg™! K.

When the liquid flows through the solar panel, its temperature increases by 3.0 K.

The flow rate of the liquid is

A 0.10kgs™.
B 1.1kgs™".
C 10kgs™.
D 100kgs™.

(Total 1 mark)

www. Educate-UK.net
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Text Box
At higher temp atoms will be faster (so drum will not have turned as far) ✔1a
 Darkest area will be closer to A ✔

Allow
 more atoms will pass through S as it passes the oven, for the first
 mark
 making the dark patch darker, for the second mark. This must be
 linked to the more atoms


Thermal Physics

3 A gas occupies a volume V. Its particles have a root mean square speed (C;s) Of U.
The gas is compressed at constant temperature to a volume 0.5V.

What is the root mean square speed of the gas patrticles after compression?

| (c 3T
B u v o ;J_) 2 \\a
C 2u Longk .
D 4u

>
() -~

(Total 1 mark)

A perfectly insulated flask contains a sample of metal M at a temperature of —10 °C.

The figure shows how the temperature of the sample changes when energy is transferred to it at
a constant rate of 35 W.

120
100
80

(1
temperature
A

40

0 2 4 6 8§ 10
time/min

(a) State the melting temperature of M.

temperature = °C

1)

www. Educate-UK.net
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Thermal Physics

(b) Explain how the energy transferred to the sample changes the arrangement of the atoms
during the time interval tA to tB.

1)

(c) State what happens to the potential energy of the atoms and to the kinetic energy of the
atoms during the time interval tA to tB.

(2)

(d) Describe how the motion of the atoms changes during the time interval tB to tc.

1)

www. Educate-UK.net



Thermal Physics

(e)

(f)

The sample has a mass of 0.25 kg.

Determine the specific heat capacity of M when in the liquid state. State an appropriate Sl
unit for your answer.

specific heat capacity =

unit =

3)

The table shows the specific latent heats of fusion | for elements that are liquid at similar
temperatures to M.

Element

Caesium

Gallium

Mercury

Rubidium

| /kJ kg™

16

80

11

26

M is known to be one of the elements in the table above.

Identify M.

www. Educate-UK.net
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(Total 10 marks)



Thermal Physics

A fixed mass of gas is heated at constant volume. The graph is drawn for this process.

[ o

S.

-1 !

0
0 X
What do X and Y represent?
X y
A pressure in Pa temperature in °C
B temperature in °C pressure in Pa
C pressure in Pa temperature in K
D temperature in K pressure in Pa

(Total 1 mark)

6 Three particles are travelling in the same plane with velocities as shown in the vector diagram.

~—

L, 4ms-!
- <C\2“ Grcs)
mgs=
.
N 2ms-!
-+ : ]
6ms-!
R
- = T ™ v
Crms RR !
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Thermal Physics

What is the root mean square speed of the particles?

A 43ms™ [=]
B 75ms™ (=]
C 19ms™ (=]
D 56ms™ [o]

(Total 1 mark)

7 The diagram shows a perfectly insulated cylinder containing 0.050 kg of liquid nitrogen at a
) temperature of 70 K.
A heater transfers energy at a constant rate of 12 W to the nitrogen.

A piston maintains the pressure at 1.0 x 10° Pa during the heating process.

not to scale

M= %050 ]<j nitrogen cylinder
K'f

Tl - o OK
Pl w _____——piston
Po v ox1o® Pa

www. Educate-UK.net
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Thermal Physics

(@)

The nitrogen is heated from 70 K and is completely turned into a gas after 890 s

Calculate the specific heat capacity of liquid nitrogen.
Give an appropriate unit for your answer.

specific latent heat of vaporisation of nitrogen = 2.0 x 10° J kg!

boiling point of nitrogen =77 K

E
= +
QT j?( @t\ﬂ Q= 124 %%- lOG‘boJ
ﬁ:r ;\&H'j {:’L\L ﬁw VqPov-Jaf\oV\ QZLVV\ = 0.05x Q_K\OS . LOQDDJ
l.q/u}% nftrvev\

QL = Rr—Q = 106 %0_ o000 < 6‘[)0\]

Q(-_W\LAT — = i 630

T = 942, B5F = | 9e0 /N

0.05x (1% -Fo )

specific heat capacity =

unit =
5)
(b) The work done by the nitrogen in the cylinder when expanding due to a change of state
is X.
The energy required to change the state of the nitrogen from a liquid to a gasis Y.
Deduce which is greater, X or Y.
W= P AV density of liquid nitrogen at its boiling temperature = 810 kg m=3
. . . ‘e _ -3
M0 . € ondtat density of nitrogen gas at its boiling temperature = 3.8 kg m
Lawd "
m m G - B 0. s
/0:_\/—_) V= —,5: % ’ Av = PV IETR
3 Do
Gs- L
3.9
Worl dene 5
, : :wlpjgw-l-ox\axa,o]s‘
Fmﬁu% ﬁ%(f'tci tont 5 N e%pan,r,ox
: tConsfunt = D = |, =120%. 41
on piston " P X0 Pa 0 %)
XY
\/2 C\?Z_ = '\-O{ODO J

1208 < 1ooso [

[@)

4)
(Total 9 marks)

www. Educate-UK.net


Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi



Pedro Bianchi




Thermal Physics

8 An ideal gas is contained in a cubical box of side length a. The gas has N molecules each of
mass m.

What is the pressure exerted by the gas on the walls of the box?

mNa®
A x Cme’

3a”
N .\
S
7

(Total 1 mark)

9 Which statement is true about an experiment where Brownian motion is demonstrated using
: smoke particles in air?
The experi : . . .
A e experiment makes it possible to see the motion of air
molecules.
The motion is caused by the collisions of smoke particles
B . —
with each other.
C The motion is cgused by collisions between air molecules
and smoke particles.
The motion occurs because air is a mixture of gases and the
-
D molecules have different masses.
(Total 1 mark)
10 (a) State what is meant by the internal energy of a gas.

is the sum of the (kinetic and potential) energies of the particles/atoms/molecules (that move at random in the gas) « 1

reference-teddnsticsrersotiecessmslesese—— =

(@)
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Text Box
 is the sum of the (kinetic and potential) energies of the particles/atoms/molecules (that move at random in the gas) ✔1
 
reference to kinetic energy of the gas or molecules ✔2


Thermal Physics

(b) Absolute zero of temperature can be interpreted in terms of the ideal gas laws or the kinetic
energy of particles in an ideal gas.

Describe these two interpretations of absolute zero of temperature.

(Using) the gas laws it is the temperature at which the volume/pressure of a gas extrapolates to zero
OR

(Using pV = nRT or pV = NRT) it is the temperature when pV or V or p is zero
OR

Plotting data of volume (or pressure) against temperature the plot extrapolates and crosses the temperature axis at absolute zero
OWTTE /1

(whereas) using the kinetic energy it is the temperature at which the (random) motion stops or can be extrapolated to stop or the
kinetic energy (of the particles) is zero. « 2

(2 The zero must be very explicit e.g. not just very very small. Allow reference to zero point energy/residual kinetic energy at 0
K/uncertainty at 0 K)

(2)

(c) A mixture of argon atoms and helium atoms is in a cylinder enclosed with a piston. The

mixture is at a temperature of 310 K.
MUSS 5L one Calculate the root mean square speed (C;s) Of the argon atoms in the mixture.
mole cale. oY a'bvh\\.
j molar mass of argon = 4.0 x 102 kg mol~!
\ = 3
— ™ (Crvv\sj = —Z kKT
-1 16
Mmoo txe :
m= —— = . LS_ 6.6145 ylo lj
NA— .oLx\o
—13
kT 3w = 439.49 = Qe /g
Coms = — bsaus 6
Crms = mst

(2)

(d) Compare the mean kinetic energy of the argon atoms and the helium atoms in the mixture.

KE 3 Rl
Mea = = % & m ¢ )
= 3 1  hewmpembive Same
L ] L] l (2)

(In equilibrium at the same temperature) both gases have the same mean or average kinetic energy +/

So if the mass of the atoms are different it means their speed are inversely proportional to the mass!

www. Educate-UK.net
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Text Box
(Using) the gas laws it is the temperature at which the volume/pressure of a gas  extrapolates to zero
 OR
 (Using pV = nRT or pV = NRT) it is the temperature when pV or V or p is zero
 OR
 Plotting data of volume (or pressure) against temperature the plot extrapolates and  crosses the temperature axis at absolute zero OWTTE ✔1

(whereas) using the kinetic energy it is the temperature at which the (random) motion  stops or can be extrapolated to stop or the kinetic energy (of the particles) is zero. ✔2

(✔2 The zero must be very explicit e.g. not just very very small. Allow reference to zero point energy/residual kinetic energy at 0
 K/uncertainty at 0 K)
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Text Box
(In equilibrium at the same temperature) both gases have the same mean or average  kinetic energy ✔

So if the mass of the atoms are different it means their speed are inversely proportional to the mass!


Thermal Physics

(e) Explain, in terms of the kinetic theory model, why a pressure is exerted by the gas on the
piston.

Particles/atoms/molecules collide with the piston/walls and change momentum « 1
« 1 Ignoreany referenceto-partictes cottidimg-withreachrother:

(The piston provides the) force = rate of change of momentum or change in momentum « 2

(The particles-give-a-force-on-the pistonproducing-apressure)
impulse(Ft) = A relevant reference to pressure = force divided by/over area or F/A «/

®3)

(f)  The mixture of gases in the cylinder stays the same.

Explain, using the kinetic theory model, two changes that can be made independently to
reduce the pressure exerted by the gas.

change

the volume-could-be-inereased

explanation

which increases the time between collisions OR results in less frequent collisions (with the piston/wall so reducing the rate
of change of momentum) OR which increases the area of the piston/wall (and so reduces the pressure)

change

the temperature could be reduced

explanation

which reduces the momentum (change at the wall)

OR

(and) increases the time between collisions or reduces the frequency of collisions
(reducing the rate of change of momentum)

®3)
(Total 14 marks)
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Text Box
 Particles/atoms/molecules collide with the piston/walls and change momentum ✔1
 ✔1 Ignore any reference to particles colliding with each other.

 (The piston provides the) force = rate of change of momentum or change in momentum ✔2


 (The particles give a force on the piston producing a pressure)
 impulse(Ft) =  A relevant reference to pressure = force divided by/over area or F/A ✔

Pedro Bianchi
Text Box
change
 the volume could be increased
 explanation
 which increases the time between collisions OR results in less frequent collisions  (with the piston/wall so reducing the rate of change of momentum)  OR  which increases the area of the piston/wall (and so reduces the pressure)


 change
 the temperature could be reduced
 explanation
 which reduces the momentum (change at the wall)
 OR
 (and) increases the time between collisions or reduces the frequency of collisions
 (reducing the rate of change of momentum)


Thermal Physics

11 Which is not an assumption about gas particles in the kinetic theory model for a gas?
A They collide elastically with the container walls.
B They have negligible size compared to the distance between the
container walls.
C They travel between the container walls in negligibly short times.
D They collide with the container walls in negligibly short times.
(Total 1 mark)
12. The graph shows the variation of pressure p with temperature 6 for a fixed mass of an ideal gas
at constant volume.
What is the gradient of the graph?
p/Pam
100 p-=======--- /
- I
L~ I
Absolute zero e |
| =T :
- 1
l - .
= I
- 1
—-— ! >
>
273 0 20 8/°C
A 0341
B 0.395
C 293
D 5.00
(Total 1 mark)
13 (@) Explain what is meant by specific latent heat of fusion.

(@)
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Thermal Physics

(b) The diagram shows how the temperature of the water is maintained in a hot tub.

\ /

[

—
4.5 m3 of water at 28 °C
== o
.\\. \\
hot tub pump heater

The hot tub system has a volume of 4.5 m? and is filled with water at a temperature of 28
°C

The heater transfers thermal energy to the water at a rate of 2.7 kW while a pump
circulates the water.

Assume that no heat is transferred to the surroundings.
Calculate the rise in water temperature that the heater could produce in 1.0 hour.

density of water = 1000 kg m~3
specific heat capacity of water = 4200 J kg~! K1

temperature rise = K

©)
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Thermal Physics

14.

15.

(c) The pump can circulate the water at different speeds.
When working at higher speeds the rise in temperature is greater.

Explain why.
Again assume that no heat is transferred to the surroundings.

2
(Total 7 marks)

Two flasks X and Y are filled with an ideal gas and are connected by a tube of negligible volume
compared to that of the flasks. The volume of X is twice the volume of Y.
X'is held at a temperature of 150 K and Y is held at a temperature of 300 K

Pv=nrT
What is the ratio el o !n o ? \/L:_ Z \}j Connected — P%; Pj
massofgasinY
s _ v
A 0125 [REE = o
B 0.25 73 = So00
\ vy
= Ty = T
c 4 s o L N
D Py
> 8 -
< X — =
= ]
ITJ \jj (TC(;)taI 1 mark)
The average mass of an air molecule is 4.8 x 10726 kg
What is the mean square speed of an air molecule at 750 K?
| Sl 2y
A 33x105m?s2 —m Cs = 30T
Sk
B 4.3x105m2s2 CL o 3kT 2x L3 xe XFSo
yms T - =
™ =24
4.
C 65x10°m?s2 bx 1,
2
D 8.7x105m2s2 = 6464%7F5 (™)

Z6.5 &\95 (Total 1 mark)
L—ﬁ C
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Thermal Physics

16.

17.

A transparent illuminated box contains small smoke particles and air.
The smoke particles are observed to move randomly when viewed through a microscope.

What is the cause of this observation of Brownian motion?

A

(@)

Smoke particles gaining kinetic energy by the absorption of light.
Collisions between smoke particles and air molecules. /

Smoke particles moving in convection currents caused by the air
being heated by the light.

The smoke particles moving randomly due to their temperature.

(Total 1 mark)

A number of assumptions are made when explaining the behaviour of a gas using the
molecular kinetic theory model.

State one assumption about the size of molecules.

point molecule
Or molecules are
Or small

point masses

compared to the volume / size occupied by of the gas /.

( Zero volume is wrong!)

(1)
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The volume / size of the gas molecules is negligible / point mass or
 point molecule
 Or molecules are 
Or small 
point masses
 compared to the volume / size occupied by of the gas ✔

( Zero volume is wrong!)


Thermal Physics

The graph shows how the pressure changes with volume for a fixed mass of an ideal gas.

At A the temperature of the gas is 27 °C. The gas then undergoes two changes, one from A to B
and then one from B to C.

b2
L

pressure /
10° Pa
B | Aat27 °C

0.40 0.50 0.60 0.70
volume / 103 m?

oo
i
=

(b) Calculate the number of gas molecules trapped in the cylinder using information from the
initial situation at A.

number of molecules =

(2)

(c) Calculate, in K, the change in temperature of the gas during the compression that occurs
between A and B.

change in temperature = K

(@)
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Thermal Physics

(d) Deduce whether the temperature of the gas changes during the compression from B to C.

()

(e) Compare the work done on the gas during the change from A to B with that from B to C on
the graph.

3
(Total 10 marks)
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Thermal Physics

18 A continuous stream of water falls through a vertical distance of 100 m.
| Assume no thermal energy is transferred to the surroundings.
The specific heat capacity of water is 4200 J kg=! KL,
What is the temperature difference of the water between the top and bottom of the waterfall?
- GPL = ™y .blaled = 94l m 1
A 0.023K (ifE= mgh ——— GF 2
Q §p) W
- —— - 0.3
B 0.23K Q=medT — 8T= T = e
—q
C 23K
D 43K
(Total 1 mark)
19 A student measures the power of a microwave oven. He places 200 g of water at 23 °C into the
‘| microwave and heats it on full power for 1 minute. When he removes it, the temperature of the
water is 79 °C.
The specific heat capacity of water is 4200 J kg=! KL,
What is the average rate at which thermal energy is gained by the water?
A 780 W
B 840W
C L1.1kw
D 4.6kw
(Total 1 mark)
20 (@) State two assumptions made about the motion of the molecules in a gas in the derivation
: of the kinetic theory of gases equation.

)
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Thermal Physics

(b)  Use the kinetic theory of gases to explain why the pressure inside a football increases

when the temperature of the air inside it rises. Assume that the volume of the ball remains
constant.

©)

(c) The ‘laws of football’ require the ball to have a circumference between 680 mm and
700 mm. The pressure of the air in the ball is required to be between 0.60 x 10° Pa and
1.10 x 10° Pa above atmospheric pressure.

A ball is inflated when the atmospheric pressure is 1.00 x 10° Pa and the temperature is 17

°C. When inflated the mass of air inside the ball is 11.4 g and the circumference of the ball
is 690 mm.

Assume that air behaves as an ideal gas and that the thickness of the material used for the
ball is negligible.

Deduce if the inflated ball satisfies the law of football about the pressure.

molar mass of air = 29 g mol—!

(6)
(Total 11 marks)
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Thermal Physics

21 Which of the following is not used as valid assumption when deriving the equation
. 1
P= 3 NM (Cms)? in the simple kinetic theory of gases?
A The molecules suffer negligible change of momentum Ne d“"t}" v onentim,
on collision with the walls of the container.
B Attractive forces between molecules are negligible.
c The QUratlon of a coII|IS|.on is negligible compared with
the time between collisions.
The volume of the molecules is negligibl mpar
D he volu e of the molecules is negligible compared
with the volume of the gas.
(Total 1 mark)
29 A liquid flows continuously through a chamber that contains an electric heater. When the steady
| state is reached, the liquid leaving the chamber is at a higher temperature than the liquid entering

the chamber. The difference in temperature is At.

Which of the following will increase At with no other change?

A Increasing the volume flow rate of the liquid
B  Changing the liquid to one with a lower specific heat capacity

C Using a heating element with a higher resistance

o] [ [ [

D  Changing the liquid to one that has a higher density

(Total 1 mark)
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