Answers for unconventional item types on the teaching of

kinetic theory and heat

1. Sentence construction about kinetic theory:

1. Matter is made up of tiny, moving particles.

2. The average speed of air particles in room temperature is about five hundred fifty meters per second.

3. If an atom were enlarged ten million times, it would be as large as a piece of rice.

4. Particles move faster when the matter is heated.

5. There is space between particles of matter.

6. Particles in solids are arranged in order.  They vibrate about fixed points.

7. Particles of liquids are randomly arranged.  They move over short distances before collide frequently with other particles.

8. Particles of gases are widely separated.  They move freely and randomly.

2. A Passage about James Joule and the Kinetic Theory

   Sentences are rearranged as follows:

James Joule did many experiments in which he transferred energy to water and measured its rise in temperature. 

All of his experiments showed that 4200 J of energy must be transferred to raise the temperature of 1 kg by 1 0C

The kinetic theory explains the results of his experiments by picturing the water as made up of many small molecules.

These molecules are continuously moving.

When energy is transferred to the water, the molecules move faster. 

When the molecules move faster, we describe the water as getting hotter.

If enough energy is transferred to the water, if may boil.

When water boils, energy is transferred in moving the molecules apart.
3. Fill in blanks using words: Boyle’s, double, evaporation, gas, Kelvin, kinetic, liquid, lower, particles, pressure, speed, temperature

If we imagine the particles from which substances are made to be in a continual state of motion, we can understand why it is that many substances can be changed from solid to liquid  and then to gas by heating them. This picture of matter as moving particles is called the  kinetic  theory.

In solids and liquids, the energy associated with the moving particles is not enough for them to break away from the forces binding the particles together. In a gas, the particles move freely and their energy is so great that we can often ignore the forces between them.

Not all of the particles have the same speed. In a liquid, those with the most energy escape to become a gas. This process is called evaporation. In results in a drop in temperature of the liquid, if it is unable to make up the energy lost with the evaporating particles from elsewhere.

The pressure of a gas enclosed in a container depends on the number of particles in the container and on how fast they are moving. Squeezing the gas, or putting more particles in the container will raise the pressure.  For a fixed mass of gas at a constant temperature, halving the volume will double its pressure. This is an example of Boyle’s law.

Lowering the temperature of a gas will lower the speed of the particles. At a temperature of –273oC, the speed of the particles would be zero. The scale of temperature stating from this point is called the Kelvin scale.

4. Answer for Chunking Exercise:

II. Construct a corresponding question for each statement obtained in part I.

a. What is the principle of conservation of energy?
  Energy can neither be created nor be destroyed.

b. What are the three methods of heat transfer?

  Heat travels by conduction, convection and radiation.

c. What is internal energy?

It is the sum of random kinetic energy and molecular potential energy of all molecules in the body. 

e. How can we increase the internal energy of a body?

  We can increase the internal energy of a body by heating it or doing work on it.e. Explain internal energy in terms of the energy of molecules.

d. Define heat capacity.

  It is the heat required to increase the temperature of a body by one degree Celsius.

f. Why is water often used as a coolant?

  Water is used as a coolant because it has a very large specific heat capacity. 

In other words, it can absorb a lot of heat with very little increase in temperature.
5. Answer for Crossword:
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Across:

A5
Matter is made up of particles which are constantly moving.

A12 & E6
When water is mixed with salt, the volume of the solution is smaller than the sum of volumes of the solute and the solvent before mixing.

C2 & K10
Gas molecules behave like perfectly elastic spheres when collide.

C10
The experiment of mixing water and salt shows that there is spacing between particles of matter.

E6
When water is mixed with salt, the volume of the solution is smaller than the sum of volumes of the solute and the solvent before mixing.

E13
The Brownian motion of smoke soot can be demonstrated using a smoke cell.

G1
The intermolecular force between gas molecules is negligible.

I1
The particles in an ideal gas have only translational motion

K5
Air is a gas mixture with about 80% nitrogen and 20% oxygen.

K10 
Gas molecules behave like perfectly elastic spheres when collide.

L1
The kinetic model explains the behaviour of matter in terms of the force and motion of their molecules.

L7
The oil film experiment tells us the rough size of an oil molecule.

Down

1E
Particles of an ideal gas are point masses with zero dimension.

3B
The potential energy of molecules arises from intermolecular forces of electrical origin.

5A
A quantity which contains 6.02 x 1023 particles is called a mole.

5F & 16A
A crystal consists of a regular arrangement of atoms.

7E
Avogadro proposed that equal volumes of all gases at the same temperature and pressure, contained equal number of molecules.

8A
An ideal gas consists of point masses which move in uniform motion except during a collision with the wall of a container.

10A
A real gas behaves approximately like an ideal gas at STP.

10G
In liquids and solids, particles are held close together by strong bonding forces.

12A
A real gas obeys Waals’ equation. Waal is a place in Holland where the physicist was born.

13E
The change in volume with temperature for a fixed mass of gas at constant pressure is is referred to as Charles’ law

14C
The average intermolecular spacing of ice is larger than that of water.

15H & 12A
The four common bonds between particles of matter are: ionic bond, covalent bond, metallic bond and Van der Waals’ bond.

16A
A crystal consists of a regular arrangement of atoms.

6. Word search puzzle for latent heat


Across






up-down

a1 →
vaporisation


1a↓
vapour

b11←
capacity



1j↑
water

c4
→
condense



2b↓
specific

d2
→
electrical



2f↑
ice

e2
→
convection



3b↓
kilowatt 

f11
←
mixture



4d↓
energy 

g11
←
boiling



5g↓
gas 

h7
→
freeze




6b↓
internal

i6
→
latent




12f↑
fusion

j1
→
work




12g↓
heat

j5
→
steam




13a↓
solid

j9
→
melt




13j↑
liquid

2. Examples of sentences:


- The three states of matter are solid, liquid and gas.

· The three states of water are ice, water and steam.

· We can use the electrical method to measure the specific latent heat of fusion of ice.

· Internal energy, work and heat have the same unit.

· The method of mixture can be used to measure the specific heat capacity of a solid.
7. Answer for wordsearch puzzle in kinetic theory

Introduction

Scientists proposed alternative models of matter at various stages of development. For example, the vortex model of gas was proposed by Davy (Britain, 1778 - 1829) to explain why gas can fill all containers. In 1738, Bernoulli of Swaziland applied a gas model, which resembled the present kinetic theory model to explain Charles’ law, and Boyle’s law. However, a full establishment of the kinetic model, by Maxwell (1831-1879) et al., took more than a century because in Bernoulli’s time, scientists generally believed that particles might lose energy in collisions.

Particle nature of matter

Matter is made up of tiny particles, which are constantly moving.  These particles are referred to as atoms, ions and molecules. The oil-film experiment shows that the upper limit for the size of an oil molecule is about 10-8 m.  For most atoms, for diameter is of the order of 10-10 m. The number of molecules in one mole of any substance, e.g. 18 g or 18 ml of water, is equal to one Avagadro’s number, i.e. 6.025 x 1023. The volume contraction in mixing experiments, say when salt is mixed with water, can be explained by the existence of spacing between particles of matter.

A strong evidence of the kinetic-particle view was provided by experiments demonstrating Brownian motion. In a school version, the experiment can be shown by a smoke cell, which is an illuminated small chamber containing smoke under a cover slide. When observed under a microscope, the soot grains appear like small dancing bright red dots. The zigzag movement of a soot grain is caused by the constant collision of air molecules from different directions.

Solids

Most solids, like ice, form crystals. We can grow a large crystal by adding a seed in saturated copper sulphate solution and wait for a couple of days. X-ray diffraction of crystals show that particles in a solid are neatly arranged in a regular array called the lattice. Each particle can vibrate about its equilibrium position – the lattice point. The intermolecular force between particles arises from the potential energy and the thermal kinetic energy of particles. Particles are held close together by bonds including the ionic bond, covalent bond, metallic bond and the Van der Waals’ bond. 

Liquids

Inside a liquid, particles are also closely packed, but continually break and reform bonds with neighbours. Their thermal motion is mainly vibrational, but to a less extent, they also have translational motion.

Gases

When we heat a liquid to its boiling point, it changes into a gas. The energy needed to break all the bonds is the latent heat of vaporization. At STP, the specific latent heat of vaporization of water is about 2.23 x 106 J kg-1 K-1. Gas particles behave like tiny elastic balls. Gas pressure is produced by gas particles colliding with the wall of the container. An ideal gas is an imaginary gas made up of point masses having only translational motion. A real gas at moderate temperature and low pressure behaves like an ideal gas. This is true for all gases when the mean free path of gas particles is larger than the dimension of the container. If this is the case, most space occupied by a gas is a vacuum. Air at STP is close to an ideal gas in many aspects. The intermolecular force between gas particles is negligible except when they collide and repel one another. Besides translational motion, the spinning of diatomic and polyatomic gas molecules give rises to rotational kinetic energy. For most gases, the energy contributed by the vibrational mode can be neglected except at very high temperature.

Answer of wordsearch puzzle for Kinetic Theory


Across:
Vertical
Slant:

A4(
DAVY (Vortex model)
1E(
PATH
F4↗
bond

A5(
MOVING
1E(
POINT
e6↗
seed

A12(
WATER
2A(
VACUUM
e12↗
spin

B6(
RED
2L(
ONE
g5↘
real

B8(
DER (van der waals)
3B(
POTENTIAL
h12↗
wall

B14(
HEAT
4F(
BOYLE
i14↗
air

C2(
COLLIDE
5D(
MOLE
j16↖
rotation

C10(
SPACING
5F(
CRYSTAL



D6(
NEAT
6E(
SOME



D8(
ATOM
7E(
AVAGADRO



E6(
SALT
8A(
IDEAL



E13(
CELL
10A(
GAS



F5(
COVER
10C(
SOOT



G1(
INTERMOLECULAR
10G(
CLOSE



H2(
TINY
10H(
LOSE



H10(
LOW
11A(
STp



H10(
LAW
11D(
MIX



I1(
TRANSLATIONAL
12A(
WAALS



J1(
RELATED
13E(
CHARLES



J12(
MASS
14C(
ICE



J12(
MEAN
15G(
FILM



K6(
LATENT
15H(
ION,  IONIC



K7(
REPEL
16H(
FORCE



K10(
ELASTIC





L1(
MODE, MODEL





L6(
BOIL





L7(
OIL





L9(
LATTICE





1. Answer:


   1 2 3 4 5 6 7 8 9 10 11 12 13


a V A P O R I S A T I O N S


b A S K Y T I C A P A C O O


c P P I C O N D E N S E I L


d O E L E C T R I C A L S I


e U C O N V E C T I O N U D


f R I W E E U R T X I M F I


g E F A R G N I L I O B H U


h T I T G A A F R E E Z E Q


i A C T Y S L A T E N T A I


j W O R K S T E A M E L T L
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