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Physics Final Exam ldcas
Grade 12-11, Advanced Stream Term Twao
Module 11: Thermal Energy
» Lesson 1: Temperature, Heat, and Thermal Energy
»  Lesson 2; Changes of State and Thermodynamics
Module 12: States of Matter
»  Lesson 1; Properties of Fluids
»  Lesson 2; Forces Within Liquids
»  Lesson 3: Fluids ar Rest and in Motion (For Enrichment)

o Lesson 4: Solids
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Module 11: Thermal Energy

Lesson 1: Temperature, Heat, and Thermal Encrgy

ldea |. The difference between thermal energy and temperature
1. Thermal Energy

Thermal energy 15 the total kinetic and potential energy of all particles in an object,
It depends on:

« The number of particles (mass).

» The type of particles.

= The movement and interactions among particles.
S0, an object with more particles has more thermal energy. cvenif the temperalure 15 the same.
2. Temperature

Temperature measures the average kinetic energy of the particles in a substance.
It depends only on:

= How fast the particles are moving (their kinetic energy ).
1t dives mot depend on:

= The amount of matter (number of particles).
= The size or mass of the object.

). What happens to the thermal energy of an object when it is cut in half?

A, It becomes half. B. It stays the same. C. [t becomes double. D. It becomes zero.
Correct answer: A

©). What happens to the temperature of an object when it is cut in half?

A, It becomes half, B. [t stays the same. C. It becomes double. D, It becomes zero.
Correct answer: B

Idea 2. the difference between a hot object and a cold object

A hot object has a higher temperatore, which means its particles have greater kinetic
energy and move faster.

In contrast, & cold object has o lower temperature, so its particles have less kinetic energy
and move more slowly.

f\#j

b -

Hisa skt

FBet = KE g
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). The figure shows two samples A and B from the same material ot different temperatures.

Which of the following statements is true for the temperature of the samples?
T

The anme rreilemaal
ab diffirent lempeTatines
Emstein AE

& Ty =Ty Y Ty < Ty
) Ty =Tg i} Wecant predict which one has greater temperature

0. A plastic botile initially containing hot &ir is placed into a bow] of ice as shown in the figure,
Which of the following statements is trae?

@ The average kinetic energy of air particles decreases

© The avernge kinetic energy of air particles increases "= .

B The average kinetic enerpy of ive particles decreases : i £

il The average kinelic energy of ice particles and air particles in H:u: boltle remuin Ihr: sEmE
Answer: A

The bottle starts with hot air inside. When placed in fce, heat flows from the hot air to the
cold iee (from higher temperature to lower temperature).

As the air loses encrgy, the average kinetie energy of its particles decreases.
liea 3, Thermal Equilibrium

Thermal equilibrium is the state in which two objects in contact have the same
temperature, o no net heat transfer ocours between them,

When two objects al different temperatures touch:

« Heat flows from the hot ebject (higher average Kinetic encrgy)
to the cold object {lower average kinetic energy).

» The hot object loses energy, and the cold object gains energy.

« This energy transfer continues until both objects reach the same temperature,

Q. A clinical thermometer is placed under the wnguc of i puuml to measure ks lemperaiure, P ;
What is the principle that thermometer uses in measuring the temperature? ,-___.-

i Thermal Equilibrm B Change of Stae
& The First Law of Thermodynamics il Thee Second Law of Thermodymanics
Answer: A

4 0509886279 s el cyas e /1
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). In the figure, twao liquids are poured into two connected flasks.
I the red fiquid is hotter than the blue liguid, which one of the following statements is true?

@ Heat continues to transfer between the liguids until they are separated
) Heat transfers between the liguids until they have equal thermal encray
' Heat ransfers between the liquids until they reach the same temperaturc
sl Heat does not transfer between the hguids

Correct Answer: O
Q. In which case two bodices are described to be in thermal equilibrinm?

() When they are in thermal contact and are at the same temperatune

c When they are in thermal contact and are at dilferent pressures

i When they are not in thermal contact but are at the same pressure

s 1 When they are in therrmal contact but are at different temperaturnss
Correct Answer: A

Q. When two bodies at different temperatures are placed in thermal contact with each other,
heat flows from the hotter body to the cooler body until they both reach the same
temperature. Assuming thal no heat 1z lost to the surroundings:

Which of the following expressions is corrvect?

(8} The heat gained by the hot body will be equal to the heat lost by the cold body
(B The heat gained by the hot body will be less than the heat lost by the cold body
(©) The heat lost by the hot body will be greater than the heat gained by the cold body ()
() The heat lost by the hot body will be equal to the heat gained by the cold body

Correet Answer: [}

0. The figure below shows two bodies, one cold and the other hot, before and ot the thermal
equilibrium. Which table describes the average thermal energy of the particles before and
at equilibrium?

t ! S 1kt 51
Before thermal equilibrium — [n thermal equlibrm T | 3 iy e D s

QA QR QA=0H

Hetore thermal equilibriom | In thermal eqwilibrium

A= O 0A - GH

Ihefuirs tbrrnllcqlilh'llu'i [ Ilﬁrr.llﬂﬂlhi'l.ﬂ

QA= 1R QA <1

Before thersal cqublibrimim | Do s sl cquilitrism

m:l;l. :JHI-='DH
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lilea 4. Temperature

Temperature Reference Points in Different Scales

Description Celsius (°C)  Kelvin (K) Fahrenheit (°F)
Boiling point of water 100 373 212

' Freezing point of water 0 273 32
Absolute zero 27315 0 —459.67

Important Conversion Formulas
[. From Fahrenheit to Celsins: T, = %H (Ty —32)

2. From Celsius to Kelvin: Ty = T + 273
In case of reverse request, solution via Solve for X.

Q. Which of the following temperatures equals the absolite zera”
[§iN] 0.00° C i 45967 F i 27315 C i (.00 F
Correct Answer: B

€). The Celsius scale is used for everyday temperature measurements, but for scientific
purposes it makes more sense to use the Kelvin scals.

Which of the following does not fit the Kelvin scale” ] H

A, Temperature on the Kelvin scale can be positive or negative values.
B. Absolute zero on the Kelvin scale is —273 °C. - :
C, There is no kinetic encrgy of particles on the Kelvin scale at B K. . i
D). The conversion equation to the Kelvin scale 1s TR =273 + TC,

Correct Answer: A
The table below shows the freezing point of water in different temperature scales.
Which row represents the correct degrees?

Row Celsivs  Fahrenheit I Kelvin

I i 32 | 273

2 o 32 273
R | —450 | =273

4 104} 212 : 373
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Iilea 5, Meathods of Heat Transfer
Heat can be transferred in three different ways, depending on how energy moves from one

place to another.
1. Conduction

Definition:
Heal transfer through direct contact between particles i solids, hiquids, or gases.

How it works:
Particles with higher kinetic energy collide with neighboring particles and pass encrgy along.

Example:
A metal rod heated at one end becomes warm throughout because energy travels through

particle collisions,

2. Convection

Definition:
Heat transfer through the movement of fluids (liquids or gases).

How it works:
Hot fluid rises because it becomes less dense, while cold fluid sinks because it is denser.
This creates a convection current,

Example: | (" j '
Builing water — hot water rises to the top, and cold water sinks to the botom, | } !|i: \ |
examples; Te—

«  Atmosphenic convection and turbulence, Thunderstorms, Ocean currents

Summary quote:

“The water at the bottom of the pat is heated by conduction and rises to the top, while the
colder water at the lop sinks to the bottom, This movement caused by lemperature differences
i called convection.™

3. Radiation

Deefinition:
Heat transfer through electromagnetic waves, without needing any matter.

How it works:
Encray travels through space in the orm of infrared radiation.

Example:
The Sun heating Earth across the vacuum of space.

0509886279 sse plac ¢l /1 7



PHYSICS AINAL EXAM IDEAS
). The transfer of thermal energy between air molecules in a closed room is an example of
) Specific heat 4 Convection (el Radiation i) Conduction
Correct Answer: D

In & closed room, air motecules collide with cach other and transfer thermal energy by direct
particle-to-particle contact, which is conduaction.

€). The ray in this picture is an example of: ' Hd
@ Conduction (B Comvection ) Radiation ) Evaporation

Correct Answer; C

). Which of the following statements NOT comectly descnbes convection currents?

Rl o "ﬂq‘,_
. T e
A, Convection occurs only in liquids and gases, W ,ﬁ
B. Convection occurs when warmer, less-dense air nises and cooler, denser air sinks. ﬁ\.:' |
C. Convection occurs in solids, higuids, and gases. =T =
. Convection currents occur when the colder, denscor fluid sinks downward.
Correct Answer: C R

€. What do we call the heating caused by the motion of particles in 2 liquid or gas due to
temperature differences”

=)

Cenduction B Convection G Radiation id Evaporation
Correct Answer: B
How does heat rransfer between the iron rod and the hand according to the figure?

a. Heat transfers from the rod to the hand by conduction.
b. Hleat transfers from the rod to the hand by convection.
€. Heat transfers from the hand to the rod by conduction
d. Heat transfers from the mod to the hand by radiation.

Correct Answer: A

Which of the following is correct aboul thenmal energy transfer when a water beaker is
heated on a stove?

a. The water in contact with the bottom of the beaker 15 heated by conduction.
b. The water in contact with the bottom of the beaker is heated by convection.
¢. The waves carry the thermal energy through the water beaker to the stove.

d. The water ai the surface is heated before the water at the bottom of the beaker.

Correct Answer: 4.

8 0509886279 s plias craspiiae /i
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Iden 6. Specific Heat

Specific heat 15 the amount of thermal energy needed to raise the temperature of 1 ke of a
substance by 1 K {or 12C).

Property ' High Specific Heat  Low Specific Heat
Energy needed to heat Large Small

' Heating rate - Heats up slowly ' Heats up quickly

' Cooling rate - Cools slowly ' Cools quickly

| Examples - Water, ice, steam ' hetals

Q. Heat encrgy is supplied at the same rate to the same amount of oil and water in similar
containers.
Which of the following explains why the temperature of the ol rises more guickly than water?

@ Oil has a greater heat of vaporization than water & Oil has o smaller specific heat than water
(&) il has a smaller heat of vaporization than water @) il has a greater specific heat than water

Correct Answer: B

Ol heats up faster because it has a lower specific heat. meaning it requires less energy o
raise its temperature compared to water.

0. *The amount of heat required to raise the temperature of 1 kg of a substance by 1 K.”
Which physical quantity 15 expressed in this definition?

(&) Specific heat (Q Heat of fusion (€ Heat of vaporisation ) Heat of freezing
Ilea 7. Measuring Heat

When heat is added 1o a substance, 1z temperare changes depending on three factors:

Mass (m) — larger mass requires more energy o change temperature,

[

Specific Heat (C) — a property of the material that tells how much energy is needed to
raise the temperature of 1 kg by 19°C {or 1 K).

3. Temperature Change (AT) — the difference between the final and mitial temperatures.
The relationship between these quantities is given by the heat equation:
Q = mCAT = mLC{T; — Tp)

AS200 ) ameunt of eat s given to (0300 Kg) of water uitil ifs temperature becomes (17,53 °C),
What is the initial temperature of the water!
Given:C,, = 4180 1'(kg. K)

(@ 40.3°C H 125C ( 18.7°C ] 15.0°C

hEh
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A (5 ke cast iron pan is heated on a cooker from (170 K) to (296 K).
How much thermal energy had to be transferred to the pan?

Giiven: Specific heat of iron: € = 450 1(kg .K)

@ 290K b 370K © 293x<10*] @ STExI10P]

The same amount of thermal energy was added to two blocks of Aluminium and Iron with
equal masses, I the temperature of the Aluminium block changed by AT and the specific
heat of Aluminium is double the specitic heat of Iron, ﬁa‘.: -
what is the change in the Iron’s block temperature? o w,,“

(@) AT B AT @) 4AT @ AT/2

e

An iron pot is heated on a cooker from 170 K o 300 K.
What is the mass of the pot if 203 = 10 J of thermal energy was added to 17

The specific heat of iron is 450 Jikg-K).
(&) 5.0 % 10%kg h 5Dkg @ 05ke 6.0 kg

A 5290 J amount of heal 15 given 1o 0.50 kg of water at 15.0°C.
What iz the final temperature of the water?

The specific heat of water is; €, = 4180 Likg K)
(&) YT520 e LS (@ 20.3°C il 403 °*C

Ilea 8. Calorimeter and Measuring Specific Heat

A calorimeter is a device vsed o measure thermal energy changes in a substunce,

It 15 designed 1o be thermally insulated, so little to no heat escapes to the surroundings.
This allows accurate measurement of how heat is ransferred between & hot substance and
cold water inside the calorimeter,

How the Calorimeter Works
When a hot substance is placed into cold water inside the calorimeter:
« The hot substance loses heat.

« The cold water gains heat.

= Heat flows until both reach the same final temperature — thermal eguilibrinm.
Because the system is insulated:AE ., = —4E,,

mﬂfq-[']'} — Tﬂ_} - _mr; Eﬁ {?}' ™ Tﬁj
Any unknown in a heat problem Solve for X

10 05098862790 s plias craspiiae /i
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To find the specific heat of the unknown material, solve for Cj:

Cr = -m L (Ty—T,)
h —
my(Th—Ty)

If the final temperature is unknown:

_ Gy Ty + mC.T,
i my, €y +m.C,

Ty

In the calorimeter shown in the figure below, the change in the thermal energy of a test —
substance {AE:) equals the change in the thermal energy of the water {-ALg). Depending on
this principle, which of the following equations selves the specific heat of the test substance (C,)7

v b

@ . _—melsdTs &, —maLadTy ® | -meCalTa @ €, = —mylpAT,
AT m,AT, A g kTy A Wi ATy

FR() Questions

A calorimeter contains 0.50 kg of water at 15°C. A 0.040 kg block of zine at 115°C is

placed in the water. Before bluck of after block of
What is the final temperature of the system? i i AR

Hint:

Specific heat of zinc:C, = 3BB I/ (kg. °C)
Specilic heat of water:Cy = 4180 ¥ (kg, °C)

5 0040 kg
T = $157C

...............................................................

..............................................................

A 1000 g block of an unknown material at 100.0°C is placed in 100.0-g of water at 10,0°C.
The final temperature of the mixiure is 26.0°C,

sSpecific heat of water: 0y, = 41801 (kg. *C)

What is the specific heat of the unknown material”

...............................................................

....................................................................

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

B AT B A e B RS S L B L R B B L 3 L R
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Lesson 2: Changes of State and Thermodynamics

Idea 1.Change of State

Matter exists mainly in three states: solid, liguid, and gas.
When thermal energy 18 added to a substance, the movement of its particles increases, and the

substance may change its state,

=  Heating a solid increases particle motion unti] it melts inte a liguid.

= Heating a liquid further increases particle energy until 1t becomes a gas.

= [fthe energy is removed {cooling), the reverse changes occur,

A subatance changes state becawse the added thermal energy allows particles to move faster,
break some of their bonds, end gain more freedom of motion,

Idea 2. The Heating Curve

A heat 13 added o water:

ei—
Segmenl A—B: Ice warms {lemperature increases),

he L}

Segment B—C; Tee melts (iemperature stays constant).

Farer e (R

Segment C—D: Liquid water wanms.

o B

Segment D-E: Water boils (tempemature stays constant).

2

L1

F inTen
&

Segment E-F: Stecam warms.

-5 1Y
Flwat |0

15 il By B ]

During melting and boiling, temperature does not increase even though heat 15 added,
because energy i4 used to change the state, nol o raise emperarure.

What is the phase of water berween points D and E on the diagram?
B

@  Solidand liguid [ Liquid E

[ Liquidand gas ) Solid

The diagram below shows the chunges of state when thermal energy is added w (1.0 kg) ol ice
starting at (243 K) and continuing until 1 becomes water vapor

What is the specific heat of water? (Use dore on the diagran)

12 0509886279 ass plac cpas e /i
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Idea 3. Melting Point

The melting point is the temperatere at which a solid changes into a liquid.

Al this point, added thermal energy does not increase temperature; mstead, 1t 15 used to
weaken the bonds between particles so they can move more freely.

Thas process appears on a heating curve as a horizontal line, where temperature remains

constant while the phase changes.

Idea 4. Boiling Point

The boiling peint 15 the temperature al which a liguid changes inlo a gas.
Omnce the entire liquid reaches this temperature, further heating does not raise temperature.

All added thermal energy poes into breaking imtermolecular forees to tum liguid inte vapor,
This also appears as a horizontal plateau on the heating curve.

Idea 5. Heat of Fusion

The heat of fusion (HE) is the amount of thermal energy needed to melt 1 kg of a solid at s
melting point without changing its temperature.
Energy during melting is used to break bonds, not 1o increase the motion of particles.

ldea 6. Hear of Vaporization

The heat of vaperization (Hv) is the energy required to convert 1 kg of a liguid into zas at
its boiling point.
This energy is absorbed to separate particles completely. allowing them to move freely as vapor.

While a substance is heated, it reaches 15 boiling point. »
What happens if heating continues while it is boiling?

The tenperature of the substance decreases B
The thermal energy of the spbstance decreases i

The tempersiure of the substance docs o change
The temperniure of the substince increases

)

A LD keiblock of e at (000 "C) s hested until it changes into steamy at 10000 5C),

T = R
, EL 1 kg wa .i.'t,.' 1hg ? II:l-ujll- 1 kg woaw
sl at 100 8l 100 °C

A B c

Why does the temperature ot processes A snd C not change cven though heat 1s absorbed T

E  The heat is used to overcome the forces of stiraction between the molecules

c
48]
£l

The heat is used to increase the forces of attraction between the molecules
Thee bt is lost in e exiernal nviionmein
The heat is ot wsed 0 increase femperature unless the mass of the material is very large

What 1= the amount of thermal energy necded to change the state of 1 kg of a substance
from liguid 1o gas?

i@ Heat of Fusion (B Heat of Vaporization (& Specific Heat i) Melting Point

0509886279
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Iden 7. Heat Required for Phase Change

When a substance changes state, the temperature does not change even though heat 1s being
added or removed.

Instead, the thenmal energy goes into breaking or ferming bonds between particles.
1. Heat Required o Meli a Solid
To melt a solid at its melting point: @ = mH;

»  Enecrgy is used o break bonds so particles can move from solid w liguid.

2. Heat Required to Vaporize a Liguid
To vaporize a liquid at its botling pomt:Q = mff,

=  Encrgy i1s uscd to separate particles completely and turn liquid into gas.

3. Freezing and Condensation
When a liquid freezes or vapor condenses:
@ =-mH
«  Heat iz released to the surroundings.

« The negative sign shows that the substance loses thermal enerzy.

A block of metal of mass (5 kg) requires (3,15 = 10°.0) of thermal energy te change its state from a
sofid toa Hyuid at its melting point
Which of the metals listed in the table below & this metal?

Table: Heats of Fusion and Vaporization of Common Substances

~ Material  Heat of Fusion (J/kg) ~ Heat of Vaporization (J/kg) |

Gold 6.30 x WP | .64 = 10°
Silver 1.04 = I'I]"_‘ 236 % 10*
Wl Rl T N TR
Mercury 1.15% ¥ 292 % 100
T Silver Tl Mercury & Lead i Ciold
The heat required 1o melt a block of copper is (82 = 107 ]} ?f
The heat of fusion of copper 15 (2.05 = 1{* Jkg). : ’bJ
What is the mass of the block? o
@ 2.5 = 10-%%g & 40,0 kg © 168.0 ke el 40,0 kg

14 0509886279 ass plac cpas e /i
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Idea 8. When Temperature Changes vs. Stays Constant
1. When the Temperature Changes

I the substance is heating up or cooling down, the temperature changes and we use the
specific-heat equation: ) = mCAT

This equation is used during;:

» Heating a sohd

» Heating a liquid

» Heafling a pas

» Cooling processes
Here, heat changes the average Kinetic energy of pariicles — so temperature changes.
2. When the Temperature Stavs Constant

If the substance is changing state {melting, freezing, boiling, condensing), the temperature
stays constant, and we use:

Melting or Freezing
} =mH;
Boiling or Condenzation
Q = mH,
Hf = heat of fusion Hv = heat of vaporization

In phase changes, heat 18 used to break or form bonds between particles, not to change
kinetic energy — 50 temperature stays constant cven though energy 15 absorbed or released.

How much energy is required 1o change a 350 g ice cube at <500 *C into steam at 115 2C?
Hint:
Specific heat of jce:C,. = 2060 (kg °C)  Specific heat of water:C_,_ = 4180 Ii{kg °C)

Specific heat of steam:C, = 2020 (kg °C)  Heat of fusion:Hy = 3.34 % 10° kg
Heat of vaporization: H, = 2.26 x 10° I'kg

......................................................................................................................................

Ll g e i e = P A Rt L SRR & oL £ g o S e e S PR I W R s 5 & i T ot b S L L S e e L e L L R s R e L
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PHYSICS FINAL EXAM IDEAS
The heating curve shows how the temperature of a 23 g sample of a substance change as heat
encrgy 15 added. The curve includes several regions: selid, solid-liguid mixture, liquid, and

finally liguid—gas mixtore leading 1o the gas phase,

i)

(has

B55 B57F

Hexnt (k) ——=

Students must extract data from the graph. apply the correct formulas, and present the
solution in a clear and organized manner.

ezl ol ol glas ity ol B Balay o domtiadl e LY gl el e

Caleulate the specific heat capacity of the liquid

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

e e e T R R R R R R R R R R NS Ry E I R pE I EE S E Ay g g Y

................................................................................................................................

...............................................................................................................................................................

RS B i 5 PR e e e e Hi et A e e e A B S ok R S o P H S e B R S RE S ek b L e R AR e B F HER i e HE s b ke s LT bR e e

...............................................................................................................................................................

.................................................................................................................................................................
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In the fipure below, 81 g of ice melts and then warms to 10°C, =
How munch thermal encrgy is absorbed from the surroundings during this process? '
................................................................................................................................................................. I‘;'-,::":-'-_L%J-;- . T::L?D
.................................................................................................................................................................. ey

A quantity of water vapor at & temperature of 100°C was used to convert 10 kg of iceat
0.0°C wnte water at 10070 (the final temperature of the mixture is 100°C),

Tmpaoriant Final Note (vour request):

Heating stops completely when the mixture reaches 100°C,

You don't need to do any caleulations after this point.

Specific heat capacity of water: ¢ = 4180 J'ke.°C

heat of fusion of 1ce: H.l' =3.34 x 10° Jkg

heat of vaporization of water: H,, = 2.26 X 10® Jkg

What is the mass of steam vused for heating?

.................................................................................................................................................................

----------------------

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

..............................................................

.............................................................
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A constant thermal heating flame was placed under a beaker containing ice cubes with a mass
of 2 kg. The temperature measurement wag taken when heating began, and 1t was 0°C in
stage A. The ice cubes began to gradually melt and tum nto liquid waler a a temperature of
0°C in stage B. Afier a period of time, the temperature of the liquid water rose 10 200C in
stage ', as shown in tla: figure below.

0°'C

A g A
A B C

If vou know that the specific heat of water is ¢ = 4180 kg, °C
and the heat of fusion of ice sH, = 3.34 x 10° Ik,
answer the followmng:

A. Why did the temperature not increase during the melting of ice and turning into
liguid water in stages A to B?

{ Weite vour gnswer on the lines provided. )

e rh i g i e el el i e S e A e e Wi e e i e v e e i e e e e e e e o e e e e e e e e e e e T i

e B e R e B e e e b A e A e e e B B e A e

B. Caleulate each of the following:

The amount of thermal energy required to mell ice in stage A 1o B.

...........................................................................................................................

R R e e R e e e e e L e L T e e L T e R e R e e B R e L LR S LN

e R R e e R e e L e T T e R e TR E L e R e e e R R e e R e T R R ETE T AT D)

e e e e o e v R s e e Heer e i b i i e e R o et ot e e i W el i e i v g e

...............................................................

The total amount of thermal energy needed to raise lhr temperature of ice from (0°C) to
water at (20°C).

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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Idea 9. The First Law of Thermodynamics

The First Law of Thermodynamics states that the change in the internal energy of a system
depends on two things:

|. Heat added to the system (Q)) SIS
2, Waork done by the system (W) R
Al=0-W :
Where: Mot b wafeb: 443 ' P
= Al = change in the internal themsal energy of an object s
s )= heat added 1o the obgect z s X jirenn
= W= work done by the object - —
= All the terms represent energy and are measured in joules (J). PRI
Table: Signs in the First Law of Thermodynamics
' Symbol  Meaning ' Positive (+) T1 Negative (—)
Q Heat sdded or removed Heat added to ihe sysiem : Heat lost by the sysiem

Encryy iz sdded 10 the sysiem ' Energy is removed from the system

W Wark d::nt_b}' of on the ﬁ:.l‘itl:l'.I'L-” Wark done by the system Work done on the 5:.-;11:m

{gas expands) : (s is comprassed)
AU Change in internal enerpy " Internal energy increases i Internal encrgy decreases
Nate (Important): |

When the temperatore stays the same, the change in internal energy is zero: AV = 0
We=0Q

This means all the absorbed heat becomes work in an isothermal expansion,

What is the amount of net heat if the net work done by a svstem is (50 J), while the
increase in its internal energy is (20 )2

(@ ~T70 ] T 201 e J00] i -20]

A gas balloon absorbs 85 J of thermal energy. The balloon expands but steys at the same
temperature. How much work did the balloon do in expanding?

@ 851 & —85 ] (] 0 &b 1703
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Which statement about the First Law of Thermodynamics is correct?

a. The First Law of Thermodynamics states that the change in the internal eneregy of an object
15 equal to the heat added to the object minus the work done by the object.

b. The First Law of Thermodynamics states that the change in the intemmal energy of an object
i equal (o the heat added to the object plus the work done by the object.

¢. The First Law of Thermodynamics states that the change in the internal energy of an object
15 equal to the heat added to the object minus the work done on the object

d. The First Law of Thermodynamics states that the change in the mtemal energy of an object
15 equil Lo the heat added 1o the object plus the work done on the object.

Idea ®. Difference Between a Heat Engine and a Refrigerator (in Terms of Work)

1. Heat Engine — Work Output

A heat engine takes heal from a hot reservoir and converts part of il into nseful work.
» Heatin: Qg Encey Disgraa of s Heat Enging
«  Waste heat out: -
« Work done &y the engine:

W==0s -

Key point:

A heat engine produces work.
Work Dows out of the deviee.

2. Refrigerator — Work Input

A refrigerator transfers heat from a cold reserveir to a hot reservoir, which cannot happen
O it5 oW,
S0 the refrigerator requires work input. Eneigy nagram of 3 Retrigeratar

» Work donc on the refrigerator; W
» It absorbs heat from cold space: O :
o It releases heat to the hot surroundings: (J,; = (o + W Seteo -

Key point:

Acrefrigerator consnmes work.
Work flows into the device. =W+
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Which device does this heat diagram represent?

O W0 Oym W3- Og

@)  Heat generator B Heat engine (£ Refrigerator il Electrical pump

Ilea 10. Engine Efficiency & Yaste Heat
1. Engine Efficiency { Thermal Efficiency)

Engine efliciency tells us how well an engine converts the heat input @ mio useful work .
W Qe

e = m =1-= 'Q—H

s Net work s given by:W,,, = Uy = ¢
= If all the heat input became work — efficiency would be 100%.
«  Bui this is impossible because some energy is always lost as waste heat -
«  Noreal engine can reach 100% efficiency.
2. Waste Heat
Mot all the heat entering an engine turns into useful mechanical work.
Sources of Waste Heat

»  The engine block becomes hot.

»  Exhaunst gases carry heat away.

« The radiator removes heat 1o the air,

= Friction between moving parts converts energy into heat,
Key Idea

Waste heat is unavoidable, and every real engine must release some heat into the
surroundings.
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An engine receives 69 | of heat from a hot reservoir and gives off 430 ] of heat to a cold
TEECTVOIr. R e

a. What 15 the work done by the engine? m:l

b. What 15 the efficiency of the engine?

..............................
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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What is the efficiency of an engine that exhausts 870 J of heat in the process of doing 340 ]
of work?
Fa e 1 T,
.............................................................................................................................................. “.-nﬁ;u v b

B R R R e R e T e R e e ST L E L LS R eI R

diagrams, calculate the missing variable{s).
al b)

Qy = 1000J
W=0

Qe = 10004

el )
e=0.3
(@)@y = 1000 3,0 = 10001, W =0 Yin: ¢ =7
()@, = 1000 1,Q; = 600 ], Find: W =7 ,e =7
(c)@c = 600 Je=03 Find: ¢, =7, W =7
()0, = 1000 J,W = 1000 | Find: Q. =7

FTTEPTR T P PP S TR FIEE S PR R Ry ST YN P PR P P PR T R e E Y P

...................................................................................................
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filea 1. Second Law of Thermodynamics

The Second Law of Thermodynamics explains that thermal energy naturally spreads out
from regions of higher temperature to regions of lower temperature.
This spreading continues until energy becomes more evenly distributed.

Energy Spreads Out

When a hot object touches a cold one, thermal energy has a natural tendency to disperse or
spread oul.

Enerzy moves from the warmer object to the cooler object. increasing the disorder of enerpy
distribution.

Example from the figure:

= A melting ice pop cools a pizza because energy flows from the warm pizza to the cold
ice pop, not the opposite.
Enemgy Ororcy, the T lewy of Thsrmodymsirec

a9 o

O0g @250 n?:ﬂ o

o nc:-u o= ﬂgn-t -p@

o>~ 9%g
o L |

g M eriewr Lorew Huwimrr—mes.
ikl B ey, i Tl s s s I g, b s (B

Why the Reverse Cannot Happen Spontanesusly

Although the First Law allows energy to flow either way (as long as total energy is
conserved ), the Second Law says:

Energy will not spontanesusly flow from a colder object to a hotter object.

Such a process would require external work or intervention,

Which statement about the Second Law of Thermodynamics is correct?

a. The Second Law of Thermodynamics states that heat naturally flows from a colder ebject
to 8 hotter object withput any external work.

b. The Second Law of Thermodynamics states that thermal energy spreads out and will
naturally flow from a hotter object to a colder object.

€. The Second Law of Thermodynamics states that all of the heat added to a system can be
completely converted into work,

d. The Second Law of Thermodynamics states that isolated systems become more ordered
over fime as energy concentrates in one regioi.
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Iden 12. Entropy & the Second Law of Thermodvnamics

Entropy 15 a measure of how much enerzy in a system becomes spread ont or dispersed.
A system where energy 15 distnbauted evenly has high entropy, while a system where energy
is concentrated has low entropy.

The Second Law of Thermodynamics states that nataral processes move in the direction
that increases the total entropy of the universe.
This means energy naturally spreads out unless work 18 done o concentrate it again.,

Why Energy Spreads Out

When a hot object touches a cold object, thermal energy moves from higher energy
concentration (hot) to lower concentration (cold), increasing eniropy.
Reverse processes—such as heat Towing from cold 1o hot—do not secur spontaneously.

Entropy in Heat Engines

Heat engines cannot convert all heat into work because some energy always spreads out as
waste heat, increasing entropy.
This 15 why no engine is 100% efficient.

Change in Entropy Formula

For 4 reversible process:

|

« (7 heat added
« T:temperature in Kelvin
» Units: VK

Entropy increases when heat 13 added to a system at a given temperature,
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A 10 ke block of ice at 273 K melts. The heat of fusion for water is 3.34 x 10° Jkg.
What is the change in entropy during melting?
@ 12=<wriK B 33x 10 WK € 334 10°JK 122100 JK

Elecirnical cables are made of copper whose melting point s 1,085°C,

What 15 the heat of fusion of copper i a 6.2 kg block of copper expenences an entropy
change of %405 J'K upon melting”

(&) L65=10° Jkg b5 = 1P Jkg © 6.02 = 10° Jkg i) 2.06 = 10F Vkg

A L0 kg sample of water 15 heated from 273 K t0 2T4 K.
The specific hent copacity of water is:¢ = 4180 T'kg K What is the change in entropy?

@ 1.0 x 10°* /K Y 4180 'K @ 418 VK i 153K

A LD kg hlock of 1ce is completely melted at 273 K.
The heat of fusion for water is:f, = 3.34 X 10% I’kg

What is the change in entropy doring melting?
@ 33Mx10°KKE B 334x10°IK © 122x10°0K @ 122x10° JK
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PHYSICS FINAL EXAM IDERS
Module 12: States of Matter

Lesson 1: Propertics of Fluids

Fluids are materials that can flow and do not have a definite shape.

They include liguids and gases.

Lrnlike sodichs, which maimiaim a fixed shape, Nuds take the shape of the contaner they occupy.
Examples: water. oil. air.

2. Liguids and Their Properties
* Definite Volume, No Definite Shape
Liquids have a fixed volume, but their shape changes depending on the container they are in.
= Behavior with Temperature Changes
Ligquids can change state when temperature changes:
« Cooling a lguid — solid (water — ice)
« Heating a Hguid — gas (waier — vapor)
* Real-Life Example

An iccberg has a Mixed shape, but the surmounding water Mows and takes the shape of its
environment.

Plasma = The Fourth Stave of Matter

Plasma is formed when a gas is heated to extremely high temperatures.
At these temperatures, collisions between particles becoine energetic enough to strip
electrons from aioms, creating a mixture of:

«  Negatively charged electrons
« Positively charged fons
This ionized, pas-like state is called plasma, and it behaves differently from ordinary pases.

Properties of Plasma
=  Plasma conducts electricity, unlike normal gases.
«  Plasma glows with brght colors when electrical energy exeites its charged particles.

= Plasma is affected by electric and magnetic fields.
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Where Do We Find Plasma?

Although it may seem uncommeon, plasma 15 actually the most abundant state of matter in
the universe.

Examples include:
«  Stars, including the Sun
« Lightning bolts
=« MNeon signs (a5 shown in the image)

«  Fluorescent lamps

» Much of the matier between stars and galaxies

gaseous

. - |
Which of the following substances are Nuids? L *% :‘ P
s g & e
A A and D b. B and C L&l (s
c. Cand A . D and C . hli i '
Which of the following is NOT a Moid? m 3]

A)Water B)Sand C)Oil D) Air

A stote of matter that is formed at high temperatures, where collisions between particles
become energetic enough 1o remove electrons from atems, producing ions and an electron
cloud, Found in stars, lightning, and neon signs, it can conduct an electrie coment.

What state of matter is this?

@ Solid B Gas ©  Plasma ) Liguid
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Idea — Pressure

Pressure 15 the force applied per unit arca.

The 51 unit of pressure is the Pascal (Pa) equal N/m?
Relationship
Pressure has a direct relationship with force.

Pok
Meaning:

«  When force increases. pressure increases.

« When force decreases, pressure decreases.

Pressure has an inverse relationship with area,

1
FNI

Meaning:
» When area increases, pressure decreases.

« When area decreases, pressure increases.

In solids, pressure 1s transmitied through the contact area.

» Small contact area — high pressure

« Large contact area — low pressure

The diagram shows four solid pieces of the same metal,
FEach piece has the same thickness and stands on a bench as shown. /

Which piece of metal produces the greatesi pressure on the bench?

@ A H B {7 A i . b
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A metal cube 15 placed honzontally on a flat surface as shown in Figore (1.
Thien i1ts position 1s changed so that 1t stands vertically as shown in Figure (2).

metal cubse
Which comectly describes the effect of this change on:

A
#  the contact area between the cube and the surface f“’! -7"'."‘?"

» he pressure exerted by the cube on the surface e
Choice Contact Area  Pressure
(a) Decreases Decreases
(R} " Decreases Increases
(c) Increases Decreases 4 /
(d)  Increases Increases = T

The diagram shows a solid block resting on a bench.
The dimensions of the biock are shown, and the three labelled laces are P, (), and R.

AP B CR D Any of P, QLor R

If a person stands on one foot instead of two. (.
d
what happens to the force and the pressure on the ground?

A. Both the force and the pressure decrease ;
B. Both the force and the pressure increase '
C. Pressure increases, but the foree remains the same

[}, The force increases, but the pressure remains the same 2
L
Idea — Pressure in Liguids ?
1. Liquids Exert Pressure in All Directions i
¥ it

Liquids are made of particles that move freely and can shide past each other,
Because of this movement, liquid particles collide with the walls and the botiom of their
contamner. These collisions create pressure,

This pressure is equal in all directions at the same depth.

0509886279 a5 plia e s /1 2




Idea: Pressure Increases with Depth
Ay depth inerenses, the srount of Boued showve a poant increases
More ligaid wieans more weight pressing down, whicl inereases peossure.

load frioema

i
.
¥
Ll
i
B

1
L]
L]

Deeper point — more hguid above — greater pressure

5
=
i
|
]

Idea: Inverse Relationship Between Height and Pressure
In Muids such as the atmosphere, there 15 an inverse relationship between height and
pressure,

Meaning:
= As height increases, pressure decreases,
= As height decreases, pressure increases.

The Earth is sumrounded by an envelope of gases called the atmosphere, and this atmosphere
exerts pressure on objects on the Earth's surface, known 2 stmospheric pressure,

How does atmaespheric pressure change with increasing altitude above sea level?

=

A, [t depends on the lemperature
B. It remains constant

. It increascs

D, It decreases

3. Fressure Does Not Depend on the Total Amonnt of Liguid

Oty depth, density, and gravity affect liquid pressure,
It does not depend on:

= The total volume of the hguid

s The shape of the container

Fressure in Liguids

F = pgh
Where:
= p=density of the hguid
= g= gmvitational aceeleration
» fi= d':l:lth
This formula shows that pressure increases when:
= The depth incresses
» The density increases (scawater = freshwater)
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The fipure shows three containers (A, B. C).
Container A containg salt water, while containers B and O’ contain pure water.

Which of the following relationships correctly describes the pressure at the base of each of
the three containers? Hint: Salt water has a higher density than pure water

Choice Pressure Relationship

A PN A » e
B B >P=P
B P =Py P
D P, > Py > Py

The higure shows a water tank that supplics water to a house.
What is the water pressure at point X at the bottom of the tank?
{Density of water — 10% kg'm™)

A. 392 % 10* Nim*
B. 137 x 10* N/m®
C.9.80 % 10* Nim®
D, 589 x 10* N/m*

A lead brick with dimensions 5.8 ¢m = 10,0 cm * 20,0 cm rests on the ground on its smallest face.
Lead has a density of 11.8 g/cm”.
What pressure does the brick cxert on the ground?

The figure shows three contaners (1, K, L) in which the height of the water is equal.

Which of the following relationships describes the pressure at the base of the three containers?
F’k] .FH' = FL <= P,
H} F'l' - PI. — PJI
C:' Fj:' — P.f pe | Pj_
D] .FH' -— Pﬁ - .F:r

0509886279 sz oliae cpanlac A BB



Motes — Pressure

1. Pressure Formula
Pressure is defined as the force applied per ot area:

s B
=
2, Mass vs, Weight
When a question gives mass (m), we must convert it to weight (foree)
F=mg
Where:
« M= mass (kg) g—=x 10" kg
LI | = 9.8m/s"

e F=weight (force) in Newton (N)
J. Area Conversions (Very lmporiant)
A, From centimeiers (n meters
Cm —x 107*m
B. Conversion of area (cm* — m?)
Cm?* —=x 10"*m*

A physics book bas a mass of 0,95 kg and dimensions 0,22 m = 0.26 m.
What pressure does it exert on the table?

@ 0.05Pa T 602 Pa © 166 Pa @) 163 Pa
A student presses on paper with a force of 15 N using o pencil tip of ares 0.01 cm?,
What 15 the pressure exerted?

@ 1.15x107 Pa B 1.15x 10%Pa B Lox10°Pa @ 167 %107 Pa

How much pressure is exerted by a force of 600 N spread vertically over an area of 2.0 m?*7

@ 30Pa B 12000 Pa (€] 2700 Pa il 300 Pa
A wooden cube with a side length of 2 em has a mass of 3.2 g.
Calculate:
{a) the weight of the cube.

{h) the pressure it exerts on a flat honzonial serface,

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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A block of iron has the following dimensions:

Length: 6 cm Width: 8 cm Depth: [0 cm
Thie mass of the hlock is 360 g.

Calculate:

{a) the mimimum and maximum contact arca of the block.

A car has four tyres, each with a contact ared of 6 Cm?,
Calculate the pressure exerted by each tyre if the car has a mass of 1 200 kg,

------------------------------------------------------------------------------------------------------------------------------------------------------------------

A glass slab exerts 2 maximum pressure of 8 000 N/m? on a flat surface.
Its dimensions are: 20 cm % 10 em = 5 cm.
Calculate the mass of the glass slab,

g P i e st T et e i e R i i i o i R a5 st K s o e oy e e e e e v e e

A metal cube has a mass of 68 kg and exerts a pressure of 17 000 Pa on a [Tal horizontal surface,
Celeulate:

{a) the area of contact with the ground.

(b} the length of one side of the cube (its dimension).

............................................................................................................................

.....................................................................................................................................

..........................................................................................................................

The atmosphenc pressure at sea level is approximately 1.013 = 10° Pa.
What is the force that the mr exerts on the top of a desk that measures 152 em in length and

T6 cm in width?

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
..................................................................................................................................................................
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PHYSICS FINAL EXAM IDEAS
A car tire makes contact with the ground over a rectangular area of 12 em * 18 cm.
If the car’s mazs 15 925 kg.

what pressure does the car exert on the ground when resting on all four tires?

e e R e B B e 0 0 e e e e B A Bl B B e B B e B LN e e Bl e e B B B

e L BT B B B B A W L 1S B B LS R B e e e 30 B L L A B T b 1 B R R e 18 e e D B 0 5 0 1 Bk e B B P

Gas Laws
Cias laws describe the relationship between pressure, volume, and temperature,
1. Bovle's Law
Helationship: Pressure <+ Volume (Temperature is constant)
Bovle’s Law savs:
« [f volume decreases, pressure increases.
» [fvolume increases, pressure decreases,

This happens because gas particles collide more often with the contamer when space 1=
smaller.

Formula:

BV = Pl

A nitrogen gas of volume 0,022 m?, at a pressure of 10 000 Pa, 1 compressed at constant
temperature. If the new pressure is 9000 Pa, what is its new volume?

o e P e R e e g e o e e B e e e R e R i 5 T i el i v b o b ks ol iy gl b iy y iy e i e e i p e B - 1 2 e il o i i o

2. Charles's Law

Relationship: Velume <+ Temperature (Pressure is constant)
Charles’s Low says:
= Il temperature increases, volume increases.
» [l temperature decreases, volume decreases.
This happens because warm gas parficles move faster and need more space.

Formula:

ill'I T 1"2
n
Imporians; Temperature must be m Kelvin (K), not °C,
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A pas of volome 6.00 L at a temperature of 2000°C is compressed 1o a volume of 4.00 L at
constant pressure. What is 18 new temperature?

e el B e e e e e e e B e B e B B e B B e B N A R e e e B e BB B

3. Combined Gas Law
This law combines Boyle’s and Charles’s laws.

It 15 used when pressure, volume, and temperature all change at the same time.

Formula;
Py - PV
i T
Example:

A tank containing 200.0 L of hydrogen gas at 1.0°C is kept at 156 kPa.
The temperature is raised to 95°C, and the volume is decreased 10 175 L.
What 15 the new pressure of the pas?

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

A gas is aba pressure of 2.0 x 1% Pu at a temperature of 39°C..
At what temperature will the gas pressure increase 3.0 = 10° Pa, if the volume is constant?

....................................................................................................................................

In & certain internal-combustion engine, 00021 m® of air at atmospheric pressure 1013 10° Pa
and 303 K is rapidly compressed o a pressure of 2001 = 107 Pa and a volume of 0.0003 m?*,
What is the final temperature of the compressed gas?

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

....................................................................................................................

4. Ideal Gas Law

The most complete gas law.
Tt connects pressure, volume, temperature, and number of males together,

P¥ = nRT
P = pressure ¥ =volume n =numberof meles T = temperature (Kelvin)

R = gas constant = 8.31 Vmol-K
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HLIH moles of an ideal gas are at a temperature of 250 K and a pressure of 8 Pa.
What is the volume of the gas?

..................................................................................................................................
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A tcbeal gag bos a volume of 2000 m® of & pressure of 100 kKPa and o temperature of 360 K

Hoew muny moles of the gas anc in the cvlinder?

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

A 20.0-L sample of argon gas al 273 K is at atmospheric pressure, 101.3 kPa.
The temperaiure is then lowered to 120 K, and the pressure is increased to 145 kPa.

a. What is the new volume of the argon sample?
b.Find the number of moles of argon atoms in the argon sample.

¢.Find the mass of the argon sample.
(The molar mass of argon, M = 39.9 g/maol.) Y, - 213K

Py= 1003 kPa
Wy 200 L

...........................................................................................................................

A tank of helium gas used to inflate toy balloons is at a pressure of 15,5 % 10° Pa and 2
temperature of 293 K.

The tank’s volume 15 0,020 m?,

How large a balloon would it fill at L0 atmosphere and 323 RY

What is the mass of the helium gas if the melar mass of helium gas is 4.00 gimol.

=g N g | Y L D e e T e L L e L T e iy A e e S T | P LTy IS T PRy

The average molar mass of air (mainly diatomic oxygen gas and diatomic nhmg&ﬁ Lus) is
about 29 g/mol.
What is the volume of 1.0 kg of air at atmospheric pressure and 2000°C7

R R R L e e T LT e e L e R L R e R LR e L SR L R
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A gas in a container is kept at a constant temperature, I the volume of the gas changes, its
pressure changes. Which of the following represents the correct relationship between the
pressure and the volume of the gas?

A, PV = consiani H. E = constant

kg
[ 31 e constant In P 4+ V = constant

A sample of nitrogen gas has a voluome of 200 L at 273 K under an atmospheric pressure of
100 kPa. If the temperature is raised to 320 K, and the pressure is decreased to B0 kPa, what
i5 the new volume of the mitrogen”?

@& 320L Gt  239L E 208 i 36 L

Acsample of gas at standard atmospheric pressure (1013 kPa) has a volume of 0,080 m*,
If there arc 32 moles of gas, what is the temperature of the gas?

@ 327K B 325K & 210K @ 20K

A sample of arpon gas of volume 0,05 m? at 273 K and at atmospheric pressure (101.3 kPa)
is used. What is the number of moles of argon atoms in this sample?

@ 604 mol & 1.23mol € 045 mol g 223 mol

A gquaentity of gas has a volume of 100 cm?.
What happens to the volume if both pressure and temperature change double?

@ Volume increascs B Volume decreases (@ Volume remains constant

! Volume depends on both pressure and temperature

A cylinder contains oxygen gas at 1013 kPa, with a volume of 0,080 m?.
I the gas expands to a volume of 3.6 m?, what is the new pressure?

A 1.23 x 10'Pa W 210 x 105Pa © 190%10°Pa @ 120 x 10*Pa

Which of the following equations expresses Boyle's Law?
Ii} F’ITI. = F=T1 Iﬁ! PV = nRT @ Fill‘"r]: s FEFE :.i] P] I:l = PETE
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Which of the following equations expresses Charles's Law?
@) AV, =PV, 43 PV = nRT i) h_ ¥ i ATy = PT,

Experiments in the eighteenth cenmury indicated that “the volume of a sample of gas under
constant pressure changes in direct proportion o its temperature in kelvin.”
What is the name of the law that expresses this relationship?

@ Avogadro’s Law Iy Chardes’sLaw [© Ideal Gas Law i} Boyle’s Law

An ameunt of air is Kept in a cylinder with a piston under a constant pressure of 100 kPa.
Initially, the herght of the piston 15 20 cm above the base at 300 K.
What will be the height of the piston if the temperature is increased to 400 K?

(a) 670 em i 26.7cm

@  60.0cm @  150em i |

Al what temperalure would 2.5 moles of neon gas occupy o volume of
20 x 10°* m¥at a pressure of 1.95 x 10° Pa?

@ 16x109K b 426 2108 K & 23100 K il 19x 102 K
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Thermal expansion occurs in most fluids, including liquids,
Although liquids do not have a fixed shape, they can be modeled as tiny clusters of particles

that move (egether, similar 1o very small pieces of a solid.

When a liguid s heated, the particles move faster. This motion makes the clusiers of particles push
farther apart, :in:l:“Tl:EL‘i:inE the spacing between them. As a resull, the entirve liquid expands.

With the same change in temperature, liguids expand more than solids, but less than gases.

Thermal expansion is greatest in:

A Solids b Gases ) Liquids ilr  All of them expand equally

The figure shows the circulation of air in the room, which occurs as a result of a
property known as “thermal expansion™, which results from the expansion of a fluid
when its temperature inereases.

Which statements in the table are consistent with this property?

Oplion Statement

A Thegas becomes less dense
b Applicable to gases only
¢ Hot air nses upward
. d | Aconvection current is formed from it |
¥ ab.e T aecd e a, b, d

When the temperature of fluids increases, they expand, and this property is known as
“thermal expansion.™

Which of the following statements is nol consistent with this property?
& The gas hecomes less dense b Hot air rises upward
(€} A comvection current is formed from it &) Applicable to gases only

Correct Answer: d. Applicable to gases only
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These forces strongly influence how liquids behave.
There are two main types of forees in liguids:
» Cohesive forces — allraction between particles of the same substance.
=  Adhesive forces — aftraction between particles of different substances.
1. Cohesive Forces
Definition

Cohestve forces are the attractive forces between molecules of the same lguid.
They cause the liquid to ¥stick 1o itsell”

Surface Tension

Surface tenston 18 the result of cohesive Torces pulling surface molecules tghtly together,
forming a “stretchy skin™ on the liquid.

2. Adhesive Forces

Definition

Adhesive forces are altractive forces between parficles of different substances.
Capillary Action

Capillary action happens when adhesive forces between a liguid and the walls of a parmow
tube pull the hquid upward mside the tube,

How it works

« Ifadhesive forces = cohesive forces — hiquid nses (water in glass),

= Ifcohesive forces > adhesive forces — liguid sinks (mercury in glass).
Contrast with Mercury
Moercury behaves differently because;

Cohesive forces (mercury-mercury) are stronger than adhesive forces | mercury—glass)
—+ Mercury does net rise i the tube
—s [1s surface curves downward, forming a convex meniscus

i)
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Water spifled on a table dries afier some time. This indicates that the state of water changes
from liquid to gas during the process of drying,

If water changes to water vapor at its baaling point,
what makeg the spilled water dry at room temperature?

(@} In this case, water boils at room temperature.

=
(Bt In this case, water changes to vapor at its melting point. & P =

(€} Water molecules at the surface absorh heat from the surroumdings snd break away from adhesive
forces.

(! Water molecules at the surface absorb heat from the surroundings and bresk owasy from cohesive
fonces.

Water spilled on a table dries afier some time but mercury does not
Based on this, which of the following statements is true?

(@) The cahesive forces in mercury arc stronger than those in water. ’_J %
(bl The cohesive forces in water are stronger than those in mercury. \ .
(€] The adhesive forces in mercury are stronger than those in water,

(dl The ndhesive forces in water are stronger than those in mercury,

Mercury 15 poured out of a glass container onto a glass surfuce, 4-1!’3?; -,
Based on the image, which of the following statements is true? ﬁ
(8] The cohesive forces between mercury molecules are weaker than the adhesive

between mercury and glass.

(h) The adhesive forces between mercury and glass are stronger than the cohesive forces in
METCUry.

(€] The cohesive lorces between mercury molecules are stronger than the adhesive forces
between mercury and glass.

(d) Mercury spreads out on glass because adhesive forces are greater than cohesive forces.
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Section 13.4 Solids
1. How Do Solids Differ from Liguids?
Solids and liguids differ mainly in shape, particle arrangement, and movement:
«  Solids are stifl and keep their shape.
»  You can push on a solid, and it resists the force,
» Liguids flow and do not hold a fixed shape,
» Ifyou place your finger in water, it moves through 1t easily.

Sometimes, the boundary between solids and liguids is not obvious.
For example, when warm butler softens, it still looks like o solid but siars to bebave like a liguid.

2. Saolid Bodies (T'ypes of Solids)

Solids can be classified inte two major types:
AL Crystalline Solids

These solids have particles arranged in a regular, repeating pattern called a crystal lattice.
Characteristics:

o Particles are neatly lined up.

= They form geometnic shapes.

« Have clear melting poimis.

Examples:
o  Ouartz {Si0:) - Salt- Metals
Crystal Lattice Unit Cell

A crystal lattice is the fixed, orderly amangpement of particles in a solid.
B. Amorphous Solids e et e,

3

-
-
-

I-‘I ll"-rl'l"l.'l'll_
L] L] L]
B I L

These solids do not have a repular armangement of particles.

Characteristics: 1 N
e s e 0 e e
« Nofixed crystal pattern. . 7. 8 *':_‘ s BN

« Particles are arranged randomly. Amorphous Solids Crystaliing Solids

o Mo shamp melting point—rather, they soften gradually when heated.
Examples:
« (Cilass - Butter — Plastic- Wax

Amorphous solids sometimes behave slighely fike ligwids because their particles are not
strongly locked in place.
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3. What Happens When Liguids Become Solids? (Cooling & freezing)

When a liquid cools:

1. Average kinetic energy of particles decreases. — particles move more slowly,

2. Cohesive forces become stronger. — particles get closer together.

3. The particles start arranging themselves into fixed positions,— forming a solid structure.
Crystalline Solids

When cooled stowly, the particles organtze into a crvstal lattice.

Amaorphous Solids

When cooled quickly, particles do net have time to align in & crystal structure — they form a
random arrangement.

4. Pressure and Freezing
Expanding the key idea:
« Most liquids expand when they freeze.
« But water is unusual — it expands as it freezes,

Why?
Because when water molecules freeze, they armange into a ervstal with more open space,
making ice less densc.

Effect of Pressure

=  When pressure increases — freezing becomes harder,
Fressure pushes molecules closer together, preventing them from forming the open
crystal structure of ice,

This 15 why the freezing point of water decreases slightly under pressure.
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A. What Is Elasticity?
Elasticity 15 the ability of a solid object to:

« [Return to its original shape

» After an external force (twisting, pulling, bending) is removed

If the force 1s oo large, the object is permanently deformed and cannot return (o 115 shape
this means itz elastic fimit has been exceeded.

Elasticity depends mainly on:
1. Electromagnetic forces between particles
These forces hold the particles of the solid close together.
2. Structure of the material
Solids differ in how their atoms are arranged:
«  Crystalline solids — strong, orderly bonds — high elasticity

«  Amorphous solids (glass, plastic) — irregular structure — lower elasticity

C. Malleability and Ductility
Malleability =7 -
=

Ability of a material to be shaped into thin sheets. -
Example: Gold — very malleable.

Ductility \\a l/
Ahbility to be pulled into thin wires.

Example: Copper — highly ductile.

These properties depend on how easily particles in the solid can slide under applied forces,

2. Thermal Expansion of Solids
Solids Expand When Heated?
When temperatune increases:
|, Particles move faster
2, They vibrate more strongly
3, The distance between them increases— The solid expands

Stronger vibrations weaken attractive forces slightly — more spacing — expansion,
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B. Why Engineers Design Expansion Joints?

Structures expand when heated.
If no space 15 provided, the structure may:

« Buckle, Warp, Crack,
« Oreven break under stress,
Examples
« Expansion joints in bridges
«  Cigps in railway tracks
«  Suppor for ceramic tiles, glass, mirrors

High temperature causes large expansions—ignoring this leads to damage,

3. Linear Expansion

Lower
temparaturg

A solid expands in Jength when heated. \
AL = al AT L
AL =L;-L \ J‘
g e N
Higher
Where: 3 tmp-uragl:rn
« Al=change in length Ly= original length

= AT=temperature change ir= coellicient of inear expansion

Coefficient of Linear Expansion

S IAT

Unit; *¢™?

Each material has 11s own value of .
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PHYSICS FINAL EXAM IDERS
4. Yolume Expansion

Solids expand in three dimensions, so the coefficient of velume expansion 15

. i8Y
&e VAT

A metal bar is 1L.60 m long at 21°C. 1t is heated in an oven to 84°C, and its length s then
found to be 1.7 mm longer.
Determine the coefficient of linear expansion aof the metal,

.................................................................................................................................................................
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A piece of Aluminum house siding is 3.66 m long on a cold winter day of —28%C,

Given material: Aluminum — a = 25 % 107°% ¢,
Calculate the inerease in length al 39°C.

---------------------------------------------------------------------------------------------------------------------------

A piece of steel is 11.5 cm long at 22°C. It is heated to 12219C (near ifs melting point),
Given material: Steel — use @ = 11 x 1075 ™',
Determine the final length at 1221°C.

o R e P e o e e T e T o i e e e A e e O o

A 400-ml. glass beaker at room temperature is filled o the brim with cold water at
4.47C. When the water warms up 10 30.0°C, how much water will spill from the beaker?
Given materials and coefficients:

» Beaker (soft glass): @y, = 9 x 107° "E.‘_i.EE|H, =27 % 107% *C"

»  Witer: B, =210 % 107% *C™"
Compute the net volume overflow {spillage) at 30.0°C,
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A tank truck takes on a load of 45,725 L of gasoline in Houston at 28.0%°C. The truck delivers
its load in Minneapolis at —12.0%C.
Given material: Gasoline — f§ = 950 107% “C "

« |a) Determine the delivered volume at —[12.0°C.

« (b} Explain the physical reason for the change.

R R R e e e e e R e L e e e e T L R T e R R R R e R e e e e R R L L AT R

.............................................................................................................................

A1 25°C. the length of a glass rod s 30.0 cm. After heating 1o a temperature of 225°C, the
length mereases to 50.1 em.
What 15 the coefficient of linear expansion of the glass rod?

@1x107%"C? ®5%x107°°C" @3Ix1074°C @9Ix10°% ¢

An Aluminum sphere 1s heated from 30°C to 260°C., Imitally, the volume of the sphere 15
30.0 em®. Upon heating, it increases to 30,5 cm?®,
What is the coeflicient of volume expansion of Aluminum®?

@Ix105C'BEsx10-F 'C1@7x10-% *c™! @2x10-F !

An iron rod is 1130 em m 30.0°C,
1f the linear expansion coefficient of iron is 1.2 x 10~° 2 L

what 15 the rod’s length at 103.0°C?
@ 1151 em® 115.2em € 1149 ¢m & 116.0 cm

A plass rod initially at 25°C is heated to a temperature of 225°C,
The length increascs to 62.12 cm,
If the coefficient of linear expansion of the glass rod 59 x 107% °C™!

what is the rod’s initial length?
@ 61.21 cm B 63.12 cm (€ 62.01 cm ) 60.02 cm
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