Lecture 6
APril 14, 2011

Mixing Problems and solution An extra comment re copper

A2 kg block of copper at 90C% s clumped e ga”on bucket of water at 20 C°. What is the final temperature

O]C the water”?

Answer: First convert 2 ga”ons s ML I e o ST ANl B weight is 7560 gm since densitg is 1 gm/ cm’
Next use the formula given in |last slide. o Micy Ty + MocoTh

4 Mic1 + Macy
Note added:

In class Jused a wrong value of

CIn applgingthis:
2 Mi= Zkg; el 7 |<J/[<g B O O, COPPer

| ' M2=7.56kg; c2= 4.2 kJ/kg CO; T2= 20 CO Water
& 1COF COPPCF and hCﬂCC gOt a |arge change O{:

temPerature. In Fact 2 kg copper makes very little
Hence TF =21 .7(:0 difference to the final temperature.

Hence sPeciFic heat can be exPressecl in two ways
Copper iﬁnsgtﬂz CoPPer: o XY /. gm or.27J b gmx 8.9 gm Jem?= 2.4 J/cm?
8.9
Sk ComPare water4.2)/cm?>=4.2)/ gm.

Indeed our intuition is right: Copper has comparable speciﬁc heat if we reckon it per cm’
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We cannot talk of Q (but onlg of AQ) then

Whatis T angwag? (microscol:)ic level)

T is definable from Maxwell Boltzmann theorg of gases/ lic]uicls

Thermal agitation. Here Boltzmann’s constant

makes its appearance.

Tr ok

:3/@B<U/

i

fogp el 3RS CAIE ST T

: http: / /www.chm.davidson.edu/vce/ kineticmoleculartheorg 3 basicconcepts.html

— — = = — -
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Changes of Phase and Latent heat

Solid state (ice, rock)
Liquicl state (water, lava)
Gas state (val:)our, clisl:)ersecl ash}

The same matter, in different conditions exhibits different
Phases. Con\/erting from one Phase to another either absorbs
energy
from environment (enclothermic) or adds energy to the

environment (exotl']ermic).
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Need to suPPlg heat

' It AQ<O
IcCE MEItS from neighbourhoocl
warms the
water freezes AQ>0 LIS ]
neighbourhoo
Need to suPPlg heat
Briel gl tae P from neighbourhood
warms the
vapour condenses AQ>0

neighbourhoocl

S S
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Pressure P

Phase cliagram and latent heat

Gases COmPrCSS. - 8]50 COH’]PT‘CSSCS

P V =R Tis the ‘gas law”

o
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When thermal energy is withdrawn from a liquid or solid, the temperature falls.
When thermal energy is added to a liquid or solid, the temperature rises. However,
at the transition point between solid and liquid (the melting point), extra energy is
required (the heat of fusion).

In going from liquid to solid (freezing), the molecules of a substance become arranged in a
more ordered state. Since the solid is more ordered, it has a lower energy and the excess

energy is released- exothermic in this process.

In going from solid to liquid (melting), the molecules of a substance become arranged in a less
ordered state. Heat energy is needed to “break” the solid’s crystalline order hence absorbs i.e.

endothermic. In both cases change of state occurs at fixed temperature.
20

Temperature T
The heat of fusion can be observed by measuring the

temperature of water as it freezes. If a closed container of ) i

S .
room temperature water at 20 °C is plunged into a very cold PR

environment (say —20 °C), the temperature will fall steadily until o 10 Se 20 P 30 | 40

it drops just below the freezing point (0 °C). The temperature I
=10k
then will rebound and hold steady while the water crystallizes. p

% “ How the Temp of water changes with time # when

Once the water is completely frozen, its temperature will fall ~ we plunge the water chamber into a cold environment
_20L

steadily again.
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http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Melting_point

| atent heat is associated with melting and also with

Vaporizing (boiling}

also sublimation
AQ=MI

Melting of ice: endothermic
(needs heat)

ot Lipelting = 333 kJ/kG

, Cw = 42J/K
10 -

Outf25]= : ““““““““

O
CICC =2.8 J/K

_20;

— — _— = = — - s —

Boiling of water into Steam!

also endothermic

Lvapoum'zing = 2.25 MJ/kG
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AQ =c MAT (SpecificHeat)
Mixing Problems: AQ =M L (LatentHeat)

Energﬂ 1S COﬂSCrV@Cl Hleat change = Heat due to change of temPerature

Phase changes (transitions) et phasechheg

| atent heat and heat caPacitg

Tem Peratu e
?
L\/aporizing C:VaID
T\/aporizin ol e e B e T e R e I :
T}\/\elting ................................... : X : :
: : : ; : Va
(S E E L : L’CI+V3P i P
Sol : Sol +Liq 5 : E
Heat Added
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£ AQ =M L
xamples ¢ Limetting = 333 kJ/kG

. b kG water freezes: how much heat does it generate in the Process? and what is the temperature after Freezing?

Using given formula: AQ =5 kG x 3% kJ/kG =1665 kJ =1.665 MU

' b) 10 kG ice melts: How much heat does it absorb from the environment?

Answer=%.%%3 MJ

&) =0 kG water boils: how much heat does it require?

I e 5 MJ/kG
Answer=225 MJ (Note the much bigger scale)
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Summarizing the difference between
Spec:hcic heat versus Latent Heat

@ =N\ AQ=M L
(State is fixed but T changes) (T is fixed but state changes)
Example combing the two

Find the heat needed to heat 10 kG water at 90°C to steam at 110°C

h ; h } 1C F Data givcn: Latent heat for boiling 2.25 MJ/kG
A)There is eating or water rrom 90 to 100 C, Speciﬁc P Ol T

B) change of state to steam at 100 C SpeciFic heat of steam 1.996 kJ/kG
) heating of steam from 100 Cto 110 C Specific heat of ice 2.18 k) /kG

AQ=Qa+Qb+Qc
Qa=420kJy, Qb=225MJ, Qc=199.6kJ

T e ——
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Problem in HW?3

A) An unknown amount of water at 20 C is mixed with
6 ice cubes at 0C, each with weight 30 grams. The
mixture becomes cold water at 5 C. what is the weight
of the total mixture?

B) A shot of lead of unknown mass is dropped into
1 litre of water at 30 C and is just hot enough to
convert the water to steam at 120 C in equilibrium
with the shot. Calculate the mass of the shot.
Specific heat of lead = .13 kJ/kG

Process:

1) Locate the aPProPriate formulas- make sure you have all the needed ones.

2) lclenthcg the object requirec] for answering the ques’cion and gveita sgmbolic name - €.g.
“x” kGs in the above Problems.

%) Using “x” in the formulas, set up an ecluation where the unknown is on the LHS and the rest
RIS  1ileke you have to use (1)

4) Solve for x!! :-)
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