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The correct answeris C because:

Power of heater=150m
By looking at the horizontal line section of the graph we can calculate
the time, t, taken for the substance to turn from a solid to a liquid:

o t=400-120=280seconds
Use the specific latent heat equation to calculate the energy required
tomelt the substance:

o =mL

o Pt=mlL
Substitute P=150mand t= 280 s inte Pt=mL:

o 150mx280=mL

o [=150x280=42 000

o Hencel=4.2x10%Jkg™’

The carrect answeris D because:

e Temperature is directly proportional to the average kinetic energy of
the molecules
o Since the temperature hasremained constant, thekinetic energy
will stay the same
o Thiseliminates optionsB&C
e As particles move further apart from each other, the higher the
potential energy becomes
¢ |naliquid, the molecules are further apart thanin a solid
* When aliquid turns into a solid, the molecules become closer
together
o Therefore, the potential energy decreases

the potential energy depends on how far

Ais
, : apart the molecules are, so fora phase
incorrec g i g

change, thiswill alwaysincrease or
as

decrease
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B&Care |thekinetic energy dependsonthe
incorrect temperature, soif the temperature stays the
as same thenso will the kinetic energy

The correct answeris C because:

» The gquestion says the liquid is initially at its boiling point and heated
untilit all evaporatesinto a gas
o This meansitis undergoing a phase change
» When asubstance isin the process of changing state no temperature
change occurs
o Thisis shownbygraphC

these graphs all show atemperature rise
associated with the addition of energy which is
only the case once all of the material has
A,B&Dare |changedstate.The graph oftemperaturevs
incorrectas  energy changes following a complete change of
state to gas depends onwhetheritis contained
ataeonstant volume or pressureand so is
determined by a greater number offactors

Itis a common misconception that temperature rises during a phase
change. Infact, there is no temperature change because the energy
being supplied to the liquid is used in breaking the intermolecular bonds.

As the molecules move further apart from one another, the potential
energy increases, which does not affect the temperature of the
substance. Once the phase change is complete, energy supplied to the
molecules begins to increase the kinetic energy of the molecules, which
does affect the temperature.
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The carrect answeris Abecause:

e Energy will bereleased by the water due to the temperature
decreasing and the change of state from liguid to solid
Energyisreleased due to the change intemperature, AQy.
o Fromthe databooklet: @=mcAT
o A@=2x4200x(30-0)
o A@;=252000=2.52x10]
Energyisreleased due to change in state from solid to liquid, A@z:
o Fromthe databooklet: @=mL
o A@>=2x(3.4x10°)
o A@Q;=6.8x10°)
Total energyreleased, AQr
o AQr=AG@;+AQ>
o AQr=(2.52x10%) +(6.8 x10%)
o A@7=9.32x10°)
Calculate the power, Prequired by the refrigerator:
Recall the equation for power, energy and time:

Energy
o Power= ’
Time
o 0.32 x 10° —
Y 22N T Y

The correct answeris C because:

e The energy, @, required toraise the temperature of the waterto 100
g
o @=mcAT
o W=1x4000x(100-20)=320000)
e The time required to provide this much energy is:

En
o times=
power
. 320 000 =
o time= 2000 - 5
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If you do this in one stepitis easier mathematically as you can divide
4000 by 2000 which gives 2:

1 x 4000 x 80
2000

time = Os

The correct answeris B because:

» The graph shows the time over which the substance changes state
from liquid to solid
» The period of time over which the temperature does not change (the
flat section of the graph)is whenthe liquidis freezing
» The gradient of the graph on either side of this tells us about the
specific heat capacity
» Asteepergradient = a lower specific heat capacity
o Thisis because less energyisrequired to change the
temperature
» The gradient of the graph, while the substance isliquid. is steeper
o This, therefore, represents alower specific heat capacity
» The gradient of the graph once the substanceis solid is less steep
o This, therefore, representsa greater specific heatcapacity
» Hence, the specific heat capacity of theliquid is lower thanthe
specific heat capacity of the solid
o Thisis statement B
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we cannot deduce anything about the latent
heat of vaporization (liquid «++ gas) or fusion
(liquid «= solid) from the graph as we would
need to know some values for energy
supplied and mass of the substance. In
general, the latent heat of fusion of a

A& Care substance is always less thanits latent heat of

incorrectas | vaporisation. This is because more energyis
required to separate the liquid molecules to
convert the ligquidinto a gaseous state
(vaporization process) than to bring the liquid
molecules together (fusion process)to forma
solid. However, this cannot be deduced from
the graph given inthe gquestion

this would be true if theinitialdrop in
temperature was less steep andif the second
dropintemperature was steeper

Disincorrect
as

The carrect answeris A because:

e This energy transfer canbe splitinto 3 parts
o Raising the temperature of solid aluminium from 645°C to 660°C
o Changing the aluminium from solid to liquid at 660°C
o Raising the temperature of liquid aluminium from 660°C to
¥, i
e Whenraising the temperature of a substance we use the equation
o AQ@=mcAT
o Where AQRis the energy supplied, mis the mass, cis the specific
heat capacity and ATis the change intemperature
e When changing the state of a substance we use the equation
o A@=mlL
o Where Lis the latent heat (in this case, of fusion, sinceits liquid
solid)
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¢ The amount of energy required to heat the solid aluminium, Q., from

645°Cto 660°Cis given by
o @:=mcs(660-645)=15mc,
e The amount of energy required to change the aluminium from a solid
toaliquid, @y is given by
o Wr=miy
¢ The amount of energy required to heat the liquid aluminium, @, from
660°Cto 720°Cis given by
o @ =mc;(720-660)=60mc;
s The total energy required, AQ, is therefore
o AQ=Q:+ Qs+ Q)
o A@=15mcs+mLs+60mc;
o A@= J'"T?”ECEJ- J"_.r-!- 50(?1}

8

The correct answeris B because:

e The gradient, z is equal to the change inthe y-component, AT, over

the x-component, AQ:
AT

o Z= ﬂ—Q
+ Specific heat capacity is given by AQ = mcAT
e Substituting thisinto the first equation.
AT 1

= meAT ~ me
e Rearranging for m:

1

Qo M=
ZC

o Z

The correct answeris D because:

¢ |nthis process. heat energy can be transferred from the hotter
substance (water) to the cooler substance (ice)
e The systemis thermally isolated from the surroundings and so no
energy can enter or leave the system
o Therefore, the total internal energy must remain constant
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the internal energy of a substance is the sum
of the potential and kinetic energies of the
molecules. Overall, these will individually
increase and decrease during atemperature /
phase change but the totalinternal does not
change if no external energy is being added
orif any internal energy is removed

A&Bare
incorrect as

thiswould be correct if the question asked
about the change in potential energy of the
molecules. This is because potential energy
willincrease during the phase change (from
solid to liquid) as the molecules become
further away from one another. It then stays
constant as the temperature increases as
temperature affects the kinetic energy of the
molecules but not the potential energy

Cis
incorrect as

10

The correct answeris D because:

e Bothexperiments canbedescribedusing @= mcAT
o Forthe first experiment, ;= mcAT
o Forthe second experiment, Q2= 2mcAT
e Themasscanbe determined by taking the difference between these
two equations:
o @z- @Q1=2mcAT-mchAT
o z- Gh=mcAT
e Using this expression, we can substitute andrearrange to obtain the
mass, m:
o 4500-2000=mx5000x10
o 2500=mx5000x10

2500 0.5
~ 5000 > 10 10

o m

o m=0.05kg=50g
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