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Health and Safety Warnings and Symbols

Laboratories can be hazardous places. Often scientists, Science teachers and students
handle equipment and materials which can be dangerous to their health and safety.
Throughout these Volumes of Investigations you will see a number of symbols and
warnings which will represent particular hazards. For each of these we will briefly
describe the hazard and indicate what precautions you should take to avoid damage and/
or what responses are appropriate. In all cases, of course, you should seek advice and
assistance from the teacher or laboratory technician.

A biohazard is any organism or body fluid which could possibly cause illness or disease
in your body. This particularly includes micro-organisms.

A flammable substance is one which will readily burn in air. It may be a solid, liquid or
gas. If you are using such a substance it is vital that there are no sparks or naked flames
which could ignite it. It is vital that you know what to do in the event of fire. This may
include the use of fire extinguishers and evacuation procedures.

A radioactive substance is one which emits particles or ‘radiation’. This radiation is known
to cause damage to cells and may also be cancer causing. If you are using radioactive
substances it is vital that you wear protective clothing, use metal tongs and listen carefully
to instructions given by your teacher or laboratory technician.

Sharp instruments are often used in Science and particularly in Biology, to cut sections
through plant or animal tissue. These instruments, which include scalpels and razor
blades are very sharp and obviously will also cut through your tissues. When using these
instruments it is essential that you always cut away from your body and preferably onto
a cutting board. It is also important to be very careful when carrying these instruments
and also ensure they are placed on the workbench in a safe place.

When certain chemicals are mixed together they can become explosive. An explosion
is caused by rapid expansion of gas in a confined space and can be very dangerous.
Sometimes it is important to ensure that the space is not confined and sometimes it is
important to conduct these reactions behind a protective screen.

It is often necessary to protect your hands from heat, chemicals or other hazards and
gloves will be made available for these situations. The type of glove needed will depend
on the particular hazard and your teacher will provide further advice. In some cases you
will be advised to dispose of the gloves after use and in other cases to wash and dry them
carefully.

Your eyes are the most vulnerable and easily damaged external part of your body. This
is why they must be protected if you are using solids and liquids which could get into
them. Whenever you are heating things or using corrosive liquids, and in other cases as
instructed by a teacher, you should wear safety goggles. You should also do this if possible
even if you wear spectacles to correct your vision. In the event that something gets in
your eye you should immediately make use of the eyewash facility in the laboratory as
instructed and then notify your teacher.

Some chemicals, which are used in a laboratory, are corrosive. This means that they can
react with and ‘eat away’ materials like the bench, your books, clothing and skin. It is
essential that you handle these materials, which are usually liquids, with care. Always tip
from the container with the label uppermost, never add water to concentrated acid and
never have your face anywhere near the container. It is usually advisable to wear both
safety goggles and gloves. If protective aprons are available you should also wear one.
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As a general rule, 12 or 24 volt electrical appliances are unlikely to cause serious injury.
However, ‘mains’ voltage (110V or 240V or higher) can cause serious injury or death. The
appliances you use should be regularly tested and certified safe. If you notice sparks or
smell insulation burning, turn the power off immediately and notify staff. Be particularly
careful not to allow water to get into any appliance as it may cause a short circuit.

Some chemicals are poisonous and should not be inhaled or ingested. It will be necessary
to use a fume cupboard when using poisonous gases or volatile liquids. They could
make you very ill and you may require medical assistance. It is vital that you listen
to instructions, follow them carefully and notify your teacher immediately if there is
accidental exposure to poisonous or toxic substances.

Lasers are very intense beams of light. They are capable of causing burns to the skin and
permanent damage to the eyes. It is essential that these are only ever used under the
supervision of a teacher and in a situation where people can not see the beam directly
or when it is reflected from a shiny surface. Sunglasses or welding masks do not provide
sufficient protection and special ‘laser glasses’ must be used where there is a risk.

UV light is harmful to skin and especially eyes. Do not expose these areas directly to a
UV light source. If it is not avoidable, sunscreen can be applied to the skin and special
goggles should be worn.

There are other dangers or hazards as well, for example carrying heavy or hot objects. This
may also include chemicals which are not poisonous but which may smell unpleasant or
irritate the skin. Whenever you see this icon more information will be provided in the
adjacent text about the specific danger.

In Science and particularly in Biology, there are situations when ethics and ethical issues
need to be considered in experimental work. This is particularly the case when human
volunteers are being used, not just for experimental work but also when they are being
surveyed to collect personal information. In these cases a consent form should be used
to explain the nature of their involvement and to get their approval. Ethics will also be
an issue whenever animals are used in experimentation or when they are collected in
the field. They should not be exposed to conditions that are outside their natural range
of tolerance and wild animals must be released back where they were sampled with the
minimum of disturbance.

The environment and environmental issues become important when hazardous
substances are used or produced during an experiment. Their disposal must result in
minimal impact on the environment. In field work the protocol that is used must reflect
practices that minimise the impact of the investigation on the site.

IMPORTANT NOTE

Although every care has been taken in preparing and trialling these
investigations, absolutely no responsibility or liability whatsoever can be
accepted for any damage or accident which may occur for whatever reason
during the conduct of any of these activities. The Safety Warnings and Icons
are advisory only and are not intended to be exhaustive or exclusive. It is a
strict condition of sale that safety in the laboratory is the responsibility of
the staff and students doing the laboratory work and not the author, editor
or publisher of this work.

ETHICS

ENVIRONMENT,
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Investigation 1A

ERROR IN MEASUREMENT

Name Date Class Time: 90 mins

You may be assessed for school-based assessment on some of the following investigations.

This first investigation gives you a format so that you can examine units and uncertainties.

BACKGROUND

The following set of investigations will help you to understand the problems associated with errors. You will be
required to use a set of vernier calipers and a micrometer screw gauge.

1 Thereading on the micrometer screw gauge below is 3.35mm. You can see that the thimble is to the right of the
3 mm mark but you cannot see the 3.5 mm mark on the main scale. The vernier thimble scale is close to the 35.

N

@

sphere

—30

35

VN

40

spindle

main scale reading vernier scale

2 The reading on the vernier calipers below is 1.95cm. The vertical line showing zero on the vernier scale lies
between 1.9cm and 2.0cm. The vertical graduation on the vernier scale that matches the main scale best is the
fifth graduation.

Thus, the reading is 1.95cm.

]
0 1 2 3 4

IIII||IIH
0

cm
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Investigation 1A

ERROR IN MEASUREMENT

® —
—  Part1 >
< —
=AM ®
e -
g To determine the time for normal inhalation and exhalation of air in human respiration. -
Q
EQUIPMENT -
= o
N\ A timing device. -
< o
= DESIGN =
1. Check your timing device for zero error. w®
:_ 2. Record the time taken for 10 complete breaths and complete the following: :
—. @)
~  DATA o
- —
o Time for 10 breaths = s Y
Q@ c
o Zero error of the timing device = s -
0
3 Absolute time for 10 breaths = s o
D —
< Average time for one breath = s o
o
s Part2 o
N >
AIM <
(o w
® To measure the mass of a coin. .
. )
®  EQUIPMENT
= Digital or a triple beam balance, one coin. -
— <
<
DESIGN ;
c
5 1. Set up the mass measuring device on a level surface. —
o 2. Record the limit of reading of the scale on the balance. i
g 3. Check the balance for zero error. -
O
% 4. Record the mass of the coin and complete the following. 5
- wn
-~ DATA ~
® Limit of reading of the scale of the balance = g -
(@) .
o Mass of the coin = g n
g_ Zero error = g o
~  Mass of the coin = g g_
©) oY)
> DATA PROCESSING ~
wn (O
The absolute error = g
O [
.
Calculate the relative and percentage errors in your measurement: ™
o <
= Relative error = ™
o —

Percentage error =

The mass of the coin was found to be (value) + (uncertainty) __ (unit)



Investigation 1A

ERROR IN MEASUREMENT

® —
— Part3 >
= —
Q ™
=AM v
o S
3 To measure the force due to gravity on a one kilogram mass. o
) -
= EQUIPMENT o
N -
o Spring balance, calibrated in newtons, a 1 kilogram mass, retort stand, boss-head and clamp. o
N —
DESIGN ™
— Q
= 1. Attach the clamp and boss-head to the retort stand. 0
—. (@)
%2
- 2. Suspend the spring balance from the clamp. “
Q
g 3. Record the limit of reading of the scale of the spring balance. -
(D -
4. Check the spring balance for zero error. ™
3 Y
v 5. Place a 1kg mass on the hook of the spring balance. Record the scale reading and determine, with appropriate -
= absolute error, the force of gravity on a mass of 1 kg. ®
o
> o)
N >
<
(o w
('D —
(@)
. n
«Q —
& >
— <
= o)
R e S ”
w —
i —
o Q@
Q
c —
5 —
o O
™ >
- wn
- -
- o
@)
o m
) —
o Q
- >
- aQ
O s e o s o e S s o
o) -
wn (O
O [
o ™
o <
© ™
o —
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Investigation 1A

ERROR IN MEASUREMENT

Part 4

AIM

To determine the diameter of a coin.

EQUIPMENT

Coin, vernier calipers

DESIGN

L. Record the limit of reading of the scale.
2. Close the jaws of the vernier calipers and check for zero error.

3. Adjust the jaw separation until the coin sits firmly in the jaws.

DATA

Limit of reading of the vernier calipers =
Vernier caliper reading =
Diameter of the coin =

Zero error =

DATA PRESENTATION AND PROCESSING

The absolute error of a single measurement =

The absolute diameter of the coin =

CONCLUSION

The diameter of the coin =

[+
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Investigation 1A

ERROR IN MEASUREMENT

® —
—. Part5 >
= —
Q 0
=AM v
o S
3 To find the average diameter of a piece of wire. o
. —
Q —
= EQUIPMENT o
N -
o Micrometer screw gauge, piece of wire. o
N —
DESIGN ™
— Q
= 1. Record the limit of reading of the scale. 0
—. @)
%2
- 2. Close the jaws of the micrometer and check for zero error. “
Q
g 3. Open the jaws and place the piece of wire between them. -
(D -
4. Record the first reading of the diameter of the wire. ™
3 w
o 5. Make and record several more measurements of the diameter of the wire at various points along its length. ~
< 0
o 6.  Determine, with appropriate absolute error, the average diameter of the wire.
> o)
N >
<
(o w
(D —_—
o @)
D wn
Q@ —
& >
— <
= o)
c wn
w —
i —
o Q@
Q
c —
5 —
o} o
M -
- wn
—
-5 -
- o
(@)
o m
) —
o Q
—. >
- aQ
O Q
o) -
wn (O
O [
- 0
o <
® ™
o —



Investigation 1A

ERROR IN MEASUREMENT

® —
- Parté =
= —
Q D
=AM v
o S
3 To determine the density of a metal in the form of a cube. o
. —
Q —
= EQUIPMENT o
N -
o Metal cube, digital balance, vernier calipers. o
N —
INSTRUCTIONS &
— Q
= Use the equipment provided to determine, with appropriate absolute error, the density of the metal. 0
- (@)
Q
= —
Q Q
Q c
(D -
™
3 Y
QU —
< ™
o
> o)
N >
<
(o w
('D —
(@)
. o
«Q —
& >
— <
= o)
c wn
w —
i —
o Q@
Q
C —t
5 —
o O
™ >
- wn
—
> 8
™
@)
o m
) —
o Q
_ >
. Q
O Q
o) -
w (O
O [
o ™
o <
e e o v e e s -
o —



@ Investigation 2A
_4 INVESTIGATING FALLING MOTION

@) Name Date Class Time: 90 mins _
- .. L . L )
< In this investigation you may be assessed using school-based criteria. .
Q D
~ AIM =
o >
3 To determine the acceleration, due to gravity, of a falling ball, using data from a photo taken with a stroboscope. o
Q —t
- —
BACKGROUND o
N >
“ The following investigation allows you to calculate instantaneous velocities and the acceleration of a falling ball, o
~ using the strobe photo provided. The distance between each windowsill is 3.15 m. Three photographs were taken -
- each second. w
-5 Q
— A schematic diagram of the displacement of a falling object over time is shown. O
e O
o Q
: A —
e Q
o c
3 0
o Q
< & -
v 0
) E O
< = -
c <
O qé )
o —
B § i As A
) ° | )
« 7 B
v - At -
> %
; t i
™ . .
o Time (seconds) Q
Q
c By constructing the tangent to a point, the instantaneous velocities for a certain time (t) can be calculated: -
- _
a = ©
D inst S
- wn
~  EQUIPMENT -
- o
® Stroboscope photo (next page), graph paper, ruler _
@
®) (92
S —t
o Q
- S
- aQ
©) Q
j -
wn (O
o l_
.
™
v <
& 0
5 —



Investigation 2A

INVESTIGATING FALLING MOTION

DESIGN

@
o> Examine the adjacent strobe photo. i
o Measure and record the distances of each falling ball position from the ®
A . . o . . =
o original starting position in the strobe photo (in centimetres and metres). 5
3 w
> DATA PRESENTATION AND ANALYSIS -
o
N Calculate the real distances of the balls from the information given in the -
- background section. o
N —
4 w
-5 Q
—. @)
e O
o Q
- —
e Q
o) -
3 Process and present your data in a suitable way to find the acceleration due g
3 to gravity. —
0

o
> ©
- <
O )
o —
@)
g n
Q@ —
© >
— <
= ™
c wn
wn —t
o —
o Q@
Q
[ —
5 _
a o
D >
- wn
- —

>
o -

@
(92
©  CONCLUSION o’

S
Q
- Comment on the value obtained compared to the theoretical value for the 5
- acceleration of a falling object. o
@) o
5 (use extra paper as necessary) ~
wn (O
- l_
o ®
v <
& 0
5 —
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Investigation 2B
MOTION OF A FALLING BODY

Name Date Class Time: 40 mins

You may be assessed using school-based criteria.

BACKGROUND

In this investigation, you will use a graphical method to determine the relationship that exists between the
displacement of a free fall object and the time of flight. You will also determine the acceleration due to gravity of the
object, and the degree of uncertainty in your measurement.

Kinematics tells us that:
s = ut + Yagt?

If the initial velocity u is zero, then a graph of the displacement s plotted against the time squared (t*) will be a
straight line passing through the origin. The slope of the graph will equal half of the acceleration due to gravity (%2g).
If the initial velocity is not equal to zero, then the line of best fit will cut the y-intercept at some point.

There are a number of experimental designs with different timing devices that can be used. The simplest case is a
metal-grooved inclined plane in which a marble rolls.

In this case; s = ut + %g sinf t*

You could use the strobe photo from the previous investigation or even a video camera as a timing device. Three
more designs that have a high degree of precision and accuracy are illustrated.

Choose your design. Perhaps a number of designs can be analysed by different groups.

EQUIPMENT

Free fall apparatus, ball-bearing, impact switch, electric timer, metre rule, 12V a.c. supply. (Set-up 1)

OR

Ticker tape timer, switch, a small weight, adhesive tape, retort stand, metre rule, 12V a.c. supply. (Set-up 2)
OR

2 photo-gates, digital timer, small mass, retort stand, metre rule, 12V a.c. supply. (Set-up 3)

(as shown on next page)

OR

Grooved inclined plane, spherical ball, timing device, metre rule.

OR

some other equipment

AIM

To determine the acceleration due to gravity of an object using the method.
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@ Investigation 2B
_4 MOTION OF A FALLING BODY

@ J—
S i
~ electromagnet\ ®
o © 12Vac -
O o 5
S oS}
a steel ‘ -
“ sphere A o
No >
o ‘ two way o
N T | switch -
Q w
— h =
> @)
— @)
- //timer v
o —B A — o] ©
Lg i Y =4 i
()
3 r// O o
Q . —t
< hiriged THE TRAP-DOOR ®
5 trap-door
> O
< Set-up 1 Z
O %)
s _
o @)
o wn
g Hollow metal tube —
— P — N -
. R <
A
ti Wood ®
- ticker tape e @O{ﬁ, Fixed photogate -
(D
<11 Q
c B N\ —
- /Holes —
(oN o] W d @)
o) % >
- = "q;; wn
- | S Ol "} | Moveable photogate ;"
oD -+ -
A H
o o &
> —— o
= Imass e LRCE >
g s PHOTOGATES @ =
3 AC Power Digital timer ;
g Set-up 2 Set-up 3 —
()
wn <
e o)
> _



Investigation 2B

MOTION OF A FALLING BODY

©  DESIGN -
< —
Q L. Insert a fully labelled diagram of the investigation you are undertaking. o
.(-\ -
o S
3 w
) -
= o
No >
< Y
N —
o
— Q
o @)
“ O
Q
- —
Q Q
Q@ c
D -
™
3 w
QU —
< 0
o
S5 me
N >
<
(o w
('D —_—
- 2. Record your data and give uncertainties. O
m wn
«Q 3. Plot a suitable graph on graph paper. o
QU
>
- 4.  Findavalueofg. <
= 0
- 5. Suggest reason(s) why your graph does not go through the origin (if this is the case). You should estimate the o
v uncertainty in your calculated value of g and record your final result with appropriate significant figures and a -
™ .
o range of uncertainty. Q@
Q
c —
5 DATA COLLECTION (insert your data table here) —
o} o
M -
- wn
- —
o -
(@)
o W
S —
o Q
—. >
- aQ
O Q
) -
wn (O
O [
.
0
o <
v ™
. —



e Investigation 2B
MOTION OF A FALLING BODY

® —
—. DATA PRESENTATION AND ANALYSIS -
< ~
Q D
e} -
o S
3 w
) -
= o
N )
< o
N —
w
— Q
> o)
—. @)
%2
Q
= —
Q Q
Q@ c
(D -
™
3 w
Q —
< 0
o
> o)
N >
<
(o w
(D —_—
@)
. n
Q@ —
& >
— <
= o)
c wn
w —
i —
o Q@
CONCLUSION ©
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e Investigation 2C
_4 TERMINAL SPEED IN A FLUID

@) Name Date Class Time: 1 hour _
- S
< You may be assessed using school-based criteria. .
Q o
2 BACKGROUND -
3
- In this investigation, you will qualitatively describe the effect of fluid resistance on a falling object that attains a Q:r
c terminal speed. -
o
g Choose your own design. Perhaps a number of designs can be analysed by different groups. S
Q
=AM
4 w
- To design an experiment to describe the terminal speed of an object when it is placed in a fluid. :
w o
- EQUIPMENT .
- —
Q@ Here are some useful suggestions: i
0
- o Use a viscous fluid such as glycerol or washing up detergent. o
o o Use a small steel ball bearing that can be removed from the fluid with a magnet. i
<
o o Ifyou choose to use a timing device, do not start timing until the object reaches its terminal speed. ®
) o
< DESIGN -
<
g 1. Inserta fully labelled diagram of the investigation you are undertaking in the space below. 7
@)
— 2. Record your data and give uncertainties. o
0
© 3. Describe a procedure that you used in your investigation in the space provided. -
& >
= 4. Make sure that you carry out a number of trials. <
0
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@ Investigation 2C
_4 TERMINAL SPEED IN A FLUID

©  DATA COLLECTION (insert your data table here) -
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Investigation 2D
& THE RANGE OF A PROJECTILE

0 Name Date Class Time: 1 hour —
—. S5
= You may be assessed using school-based criteria: —
Q D
e -
g BACKGROUND >
Q
Q This investigation allows you to predict where a sphere rolled down an incline plane will hit the “bull’s eye” of a target. -
= o
iy Retort >
- stand “
~
w
. Metal sphere o
> o)
o Clamp g
S Grooved track —
<Y} Q
Q@ c
(D -
0
3 w
Q —
< M
o
) o)
N >
Position of target <
(o w
D —_—
_ MATERIALS o
D wn
o) Incline plane, timing device, metre rule, carbon paper, ‘bull’s eye’ target, other hardware. o
. >
=~  PROCEDURE -
0
c 1. Your first task before carrying out the investigation is to process data in order to determine the position where a -
5 sphere rolled down your incline plane will hit the ground. -
Q@
o}
2. You can roll the sphere down the incline plane but you must catch the sphere before it hits the ground! ¥
c —
> 3. Once you have calculated the relevant range and position where the sphere will hit the ground, take the piece of .
% carbon paper and place it on the ground in the relevant location. Place the target, provided on the next page, on -
— top of the carbon paper. o
- 4. Ask your partner to help you to roll the ball down the incline plane three times and observe. -
o
0
Give your calculations and the target to your teacher for assessment. -
5 »
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Investigation 2D
4 THE RANGE OF A PROJECTILE
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Investigation 2E

NEWTON’S SECOND LAW

Name Date Class Time: 2 hours

You may be assessed using the school-based criteria. IB assessment is not applicable at this stage of the course.

BACKGROUND
The glider moves freely without friction due to a cushion of air being blown through the air track.
— .
g )
= =
to) Q
QU QU
o o
o - a) N
g g
R R -
- ; ) : Pulley
Track -— -_—
—_— ; :
Air from

blower

4/ Timer 1 / Timer 2

The net accelerating force is due to the weight of the total mass on the mass holder because the mass of the glider, and
any masses on the glider, are cancelled out by the normal reaction force. While the total moving mass is constant, the
total glider mass has a constant average acceleration.

By changing the net accelerating force by adding different masses to the mass holder, the average acceleration will
be changed.

When the glider is released, it accelerates to the right, passing through the 2 light gates. A scalar timer connected
to each light gate records the time taken for a card mounted on the glider to pass through the light gate. The time
recorded at the two light gates is used to calculate 2 different speeds of the glider, and hence the acceleration of the
glider may be found.

Another design for this investigation is shown below using a ticker tape timer (accelerometer).

Elastic cord Pulley
h Friction compensated runway

Ticker tape

Mass

You could also use a motion sensor in a data-logging investigation.
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Investigation 2E

NEWTON’S SECOND LAW

AIM

To confirm the relationship between the net force applied to a body and the body’s acceleration.

EQUIPMENT

Linear air track with glider, 2 light gates, 2 scalar timers, 9 x 0.01 kg masses.
OR

Trolley inclined to overcome friction, ticker tape timer, 9 x 0.01 kg masses.
OR

A computer multi-processor software program.

PRELIMINARY MEASUREMENTS

Record the mass of the glider/trolley, and the length of the card mounted on the trolley.

MASS OF GLIDER/TROLLEY =

TOTAL MASS OF THE SYSTEM (glider and masses) =
LENGTH OF THE CARD ON TROLLEY =

DESIGN
Part A

1. Switch on the pump for the air track. Place one 10 g mass on the hanger (giving a total of 20 g, since the hanger
has a mass of 10 g), and the remaining 4 masses on the glider.

2. Gently slide the glider to the left past the light gates. Switch on the scalar timers and reset them to zero readings.
Release the glider.

3. Record the times on the 2 scalar timers, t, and t, and the accelerating mass in the data collection table provided.

4. Do three more trials with 30 g on the hanger, discard any inconsistent data and average the remaining
accelerations. Record any other measurements needed to determine the two speeds and the acceleration of the
glider.

5. Record the accelerating force and the average acceleration in another table, leaving space for several more sets
of data.

6. Do another four runs with 40 g on the hanger.
7. Repeat for 70 g and 90 g on the hanger.

8. Determine the total accelerated mass and compare this with the measured values.

Part B

1. For the second part of the experiment, investigate the relationship between mass and acceleration by increasing
the mass of the glider by 0.050 kg at a time. The falling mass remains constant at 0.100 kg. This increases the
overall mass of the system, while the force is a constant 1.0 N.

2. Record three acceleration trials for the unloaded glider.
3. Repeat for the glider plus masses from 0.100 kg to 0.040 kg. Find the average acceleration for each trial.

4. Use the data to find a relationship between mass and acceleration.
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Investigation 2E

NEWTON’S SECOND LAW

Part A

DATA COLLECTION

Mass Time 1 Initial velocity Final velocity

Net accelerating force Average Acceleration

Plot the graph for Part A, Step 8.

DATA PRESENTATION AND ANALYSIS (use extra paper)
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Investigation 2E

NEWTON’S SECOND LAW

PART B

DATA COLLECTION

Initial velocity

Final velocity

Acceleration

Plot the graph for Part B, Step 4.

DATA PRESENTATION AND ANALYSIS (use extra paper)
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CONCLUSION AND EVALUATION (use extra paper)
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Investigation 2F
STATIC AND KINETIC FRICTION

Name Date Class Time: 90 mins

In this investigation you may be assessed using school-based criteria.

AIM

To determine the coeflicients of kinetic and static friction for a wooden box on a laboratory surface and to determine
that the force of friction does not depend on the amount of surface area in contact with the laboratory surface.

BACKGROUND

Whenever two surfaces touch, they exert forces on each other. The ultimate source of these surface forces is the
electromagnetic attraction or repulsion between the charged particles — electrons and protons — of which all matter
is made. The vector sum of all the microscopic forces between the particles in the surfaces is a macroscopic force that
we can measure in the laboratory.

Suppose you attached a newton balance to a block of wood in contact with a surface such as the bench top in a
laboratory. You then pull on the newton balance but the object does not move because the component of the applied
force parallel to the surface balances the static frictional force. As you continue to pull on the newton balance, there
will be a certain applied force registered when the block just begins to move. At this point the applied force is slightly
greater than the maximum static frictional force.

Experimental evidence shows that the frictional force is independent of the actual area of the two surfaces in contact,
provided the surfaces in contact with each other are hard. The evidence suggests that the magnitude of the frictional
force is directly proportional to the magnitude of the normal reaction force.

F.aF orFaR
F=uR
where y_is called the coefficient of static friction.

When a force is then applied that causes the block of wood to slide along the surface, the magnitude of the force
registered on the newton balance rapidly decreases and then becomes a steady value provided the block is moved
with a uniform speed. The frictional force is then given by:

F, =, Rwhere y, is called the coefficient of kinetic friction.

The coeflicient of static friction will always be a larger value. As an approximate guide, the coeflicient of static friction
between a polished wood block and polished wood surface is around 0.4 and the coeflicient of kinetic friction for the
same materials is 0.2. Both coefficients are dimensionless.

In this investigation, we will first determine the coefficients of static and kinetic friction between two surfaces (a
wooden box and a laboratory bench), as shown in the diagram.

Fs

— M

W,

W,
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Investigation 2F
STATIC AND KINETIC FRICTION

The wooden box (M) is placed on a laboratory bench and is connected by a string to a mass (M,), which is hung
vertically by means of a pulley. To find the magnitude of kinetic friction, we hang just enough mass on the string so
that if the block is set in motion and it slides at constant speed.

Ff: WzandR: W,

We can determine the coefficient of kinetic friction by running several trials and calculating the ratio of the masses
for each trial.

The coeflicient of static friction can be determined in much the same way. In this case we leave the block at rest and
look for that hanging mass which just starts the block sliding.

There is a second way of determining the coeflicient of static friction. Refer to the diagram below. You can put the
wooden box on a plank and raise one end of the plank so that it makes an angle 0 with the horizontal. When the angle
is large enough, the block will slide down the incline.

Fx

fs

At an angle just before the block begins to slide, the forces are still balanced and we have

F.= Wsin6 and R = Wcosf

PROCEDURE

1. Set up the apparatus as shown in the first diagram.

2. Record the mass of a wooden box.

3. Wipe clean the surfaces of the wooden box and the laboratory bench.

4. Determine the mass that needs to be added so that the system moves at constant speed.

5. Give the block a slight push to start it moving. If the block accelerates (speeds up), take a little mass off and try
again. If the block decelerates (slows down), add a little more mass and try again.

6. Record the total hanging mass and its weight.
7. Repeat the above process, adding 100 grams to the wooden box for each new trial, for a total of six trials.

8. To test the hypothesis that the force of friction is independent of the surface area in contact, repeat the above
using the narrow face of the wooden box.

9. Use the same set-up as in the kinetic friction experiments, with the wide face of the wooden box down. This
time, however, determine what hanging mass is necessary to just start the block moving without a push.

10. Design an investigation to find the coefficient of static friction using the wooden box on an incline plane.
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Investigation 2F

STATIC AND KINETIC FRICTION

DATA COLLECTION

Mass of wooden box (g):

Kinetic Friction - Flat Face

Mass in box Total Mass Normal Force Hanging Friction

(m,) (R) mass (m,) Force (F)

Average p,:

Uncertainty:

Kinetic Friction — Narrow Face

Mass in box Total Mass Normal Force Hanging Friction

(m,) (R) mass (m,) Force (F)

Average p,:

Uncertainty:
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Investigation 2F

STATIC AND KINETIC FRICTION

@ Static friction table —
o >
5 Mass of block (g): ;
(@} A —
O U U U
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° DATA PRESENTATION AND ANALYSIS o
- Plot a relevant graph to determine the coeflicient of static friction. ;"
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Investigation 2F

STATIC AND KINETIC FRICTION

@
— CONCLUSION AND EVALUATION .
>
Q Comment on the graph obtained and justify your conclusion. Discuss the difference between the coeflicients of static ;
a and kinetic friction. Discuss the surface area and its effect on the coefficients of static and kinetic friction. ~
o
-
3 w
Q —
P —
: o
N S
o w
N
w
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- o)
wn (@)
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Investigation 2G

STATIC EQUILIBRIUM

Name Date Class Time: 1 hour

In this investigation you may be assessed using school-based criteria.

BACKGROUND

Three non-parallel (concurrent) forces acting in the same plane must intersect at a single point if they are in
equilibrium. You will investigate the equilibrium of three such forces in the first part of this investigation.

When a body is in translational equilibrium, it must be either at rest or moving with constant velocity. It has a linear
acceleration of zero. This means that the resultant external force must be zero. In addition, for the body to be in
rotational equilibrium the sum of the torques of all the individual forces must be zero.

AIM

To gain an understanding of balanced forces in situations of static equilibrium when two or more forces act through
a point in the system.

EQUIPMENT

2 pulleys mounted on a board or two pulleys attached to retort stands, thread, slotted masses, 3 sheets of white paper
for each student.

METHOD

1. Set up the apparatus as shown in the diagram on the next page.
2. Hang suitable masses from the three threads and let the system come to equilibrium.
3. Displace it several times and notice the variation in the position of the point O.

4. When the system comes to rest in an approximately mean position, accurately mark the position of point O and
the directions of the three forces on a piece of white paper fixed to the board.

5. The threads are several millimetres from the board—-how can you improve the accuracy of marking the thread
direction?

6. Test for equilibrium as follows (each student completes the analysis on her/his own sheet of white paper, which
is submitted with the Lab Record).

7. Label the point of intersection of the three force vectors as O.

8. Using a suitable scale, construct a vector parallelogram with A and B. Label the vector sum of A + B as C’ Draw
a line to represent the original value of C, and compare with C’ to determine the magnitude error and direction
error.

9. Repeat the above for two more systems by changing the magnitude of coplanar forces acting on the body.
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Investigation 2G

STATIC EQUILIBRIUM

@ —

S B i

= C o

m -

- b -

3 w

Q —

f: CI 5

N A C S

o w

- —

N w

> Mass 3 :

“ O

- Mass2  Mounting v
© Board e

© c

0

. DATA COLLECTION o

w You should attach your three A4 sheets that clearly show the original data obtained and the analysis of the i

= parallelogram of vectors. ™

o

) O

—  DATA PRESENTATION AND ANALYSIS =
<

o In the discussion that follows, you should explain inferences you have reached from your observations during this ”

™ investigation and calculate the magnitude and direction error. .
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CONCLUSION (add extra paper)
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Investigation 2H e

PROPULSION USING ELASTIC POTENTIAL ENERGY

@) Name Date Class Time: 1 hour _
- S
< You may be assessed using the following school-based criteria: .
Q D
N Planning -
o >
3 o Defining a problem or research question o
. —t
i o Relating the hypotheses or prediction to the research question .
o o Selecting relevant variables >
o Q
N o  Designing a method with appropriate apparatus/materials —
— o Designing a method for the control of the variables -
Q
>
o o Designing a method for the collection of sufficient data o
(@)
© Data Collection >
QU
Q
o . . . .
- Collecting and recording appropriate raw data -
5 o Presenting raw data, allowing easy interpretation 5
3 o Data processing -
0
o o Processing raw data correctly
> ©
= o Presenting processed data appropriately -~
<
o
» INTRODUCTION -
@)
. This is a completely open-ended investigation. v
Q@ . . —
o You are given the following apparatus: 5
= . _
= An empty container -
c o Elastic bands 7
wn —t
® « Masses o
o Q@
- Elastic potential energy can be used to propel a container along a surface, or through the air. The elastic potential -
> energy does work on the container by applying a force to move the container through a certain distance. -
a o
® In this investigation you should: >
- wn
— o decide the factors that you think will affect the distance travelled by the tub when it is projected horizontally .
Z along the runway by the elastic. o
A o suggest how quantitatively you think these factors will affect the distance travelled.
®) (92
> o devise appropriate methods to verify your quantitative predictions. -
Q
a
— o carry out the investigation. -
- Q
o o collect and analyse data from your investigation. Y
j -
v o evaluate your data and the procedures you have used.present your report according to the guidelines given. Q
° « use separate paper for your report. ~
™
v <
& 0
5 —
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Investigation 2I

ENERGY AND IMPULSE

Name Date Class Time: 1 hour
BACKGROUND

You may be assessed for formative and summative criteria that are chosen by your teacher.

PLANNING

o Designing a method with appropriate apparatus/materials
o Designing a method for the control of the variables
o Designing a method for the collection of sufficient data

For the Planning skill, you are required to design a realistic procedures, include appropriate apparatus, list materials
for both the control of variables and collection of data in the space provided for the method.

AIM

You are required to design an investigation to show the relationship that exists between rebound height and impulse
during the interaction with the ground of three different types of bouncing balls. Results of the direct measurements
of rebound height and the calculations of impulse are to be presented graphically and the behaviour of the three balls
when bouncing is to be compared and discussed.

Include these headings in your report (use separate paper).
AIM

THEORY

EQUIPMENT REQUIRED (per group)

METHOD

DATA COLLECTION, PRESENTATION AND ANALYSIS

You should prepare the required data tables and show a detailed sample of each type of calculation performed for the
completion of certain columns or rows of your tables

For each type of graph, use one set of axes for all three balls.

Present your results clearly and concisely, copy and use extra pages if necessary.

[euolleulolu,|

SUO[196[189/\U| SD!SAQd °9leolne|jed>oegyg

10}

|[2A27 plepuelg



Investigation 21

ENERGY AND IMPULSE

©  EVALUATION -
o> -
N Your discussion should include answers to the following questions, comparing the three different balls when possible. ;
o (1) Is the percentage of mechanical energy lost per interaction constant? ;

3
- (2) What happened to the lost mechanical energy? i
= (3) Is momentum conserved? Explain. 5'
g (4) Which ball would be in contact with the ground for the longest period of time? 3
~ Justify your answers. o
w
— Q
- o)
wn (@)
5 Q
o o
ﬁ c
0
5 o
< —t
™

o
> O
— >
= <
(oN wn
s —
(@)
wn
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CONCLUSION

Write a conclusion summarising your results for the behaviour of the three bouncing balls.
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Investigation 2J

INVESTIGATION CIRCUS

Name Date Class Time: 1 hour

In this investigation you may be assessed using school-based criteria.

BACKGROUND

This investigation consists of three problem-solving exercises. You are provided with a schematic diagram for each
investigation, and a problem to solve, based on the data that you collect.

For each investigation you should record any raw data and in the discussion section show the relevant analysis to
solve the problem. You should also note any modifications that you make to the apparatus.

Problem 1

Set up the apparatus and determine the time taken for an object to fall from the bottom of the incline to the floor. No
timing device can be used. The only measuring device allowed is a metre rule.

Retort

stand

Metal sphere

Clamp
Grooved track

Position of target

Problem 2

This investigation can be done in the laboratory. However, it may be better to use a garden hose outdoors. Determine
the maximum range for a constant stream of water by varying the angle of the water outlet. Calculate the theoretical
value for the angle and compare this value with the practical value.

Angle of
projection
Problem 3

You are to calculate the initial speed of an object catapulted at a stationary target. A block of clay may be
handy in this investigation. You are provided with a sling shot, a clay projectile, a block of clay (possibly
from the Art Department in your school), string, a straw and a cylinder in which the straw can move.

Water hose

String

Straw Clay ball

Cylinaer

Slingshot
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Investigation 3A

CONSERVATION OF THERMAL ENERGY

Name Date Class Time: 1 hour

In this investigation you may be assessed using school-based criteria.

BACKGROUND

Thermal energy is transferred from a warmer body to a colder body. This transfer of thermal energy continues until
the temperature of the mixture reaches a point of equilibrium at a temperature intermediate between the original
temperatures. The warm water loses internal energy by transferring its thermal energy to the colder water. The colder
water absorbs this thermal energy and gains internal energy.

A calorimeter is a useful piece of equipment for investigations in Thermal Physics because it allows masses at different
temperatures to be mixed with minimum energy loss to the surroundings. The name of the instrument is derived
from the Imperial unit, the calorie. A typical calorimeter is shown in the equipment list. Your teacher will ask you to
find the specific heat capacity of the metal cup from published data.

The heating coil in the calorimeter will be used in a later investigation concerning the heating effect of an electrical
current.

In this investigation, the thermal energy lost by the hot water will be determined from its drop in temperature, and
the thermal energy gained by the calorimeter and the colder water will be determined from their rise in temperature.

The thermal energy lost and the thermal energy gained will be compared.

[mass x sp ht x fall in temp] = [mass x sp ht X rise in temp] + [mass x sp ht x fall in temp]

hot water calorimeter cold water

(Where ‘sp ht’ stands for the specific heat of the substances mentioned in the equation.)

Temperature measurements introduce a large systematic uncertainty relative to the other recorded measurements in
this investigation. By repeating the number of trials, a greater accuracy is expected.

AIM

To determine the relationship between the thermal energy lost by a mass of water and the thermal energy gained by
another mass of water when the different temperature masses of water are mixed.

EQUIPMENT

Calorimeter (see diagram over), electric jug or water bath, digital or beam balance with a sensitivity to 1 kilogram,
thermometers, flasks.
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Investigation 3A

CONSERVATION OF THERMAL ENERGY

stirrer ]

O

thermometer

calorimeter cup

water

heating coil

lagging

METHOD

1. Measure and record the mass of the inner cup of the calorimeter.

2. Add cold water to the cup until it is about one third full and determine the mass and temperature of the cold
water.

3. Heat some water to about 80° C. Measure the temperature of the hot water and transfer it to the calorimeter until
it is almost full.

4.  Stir the mixture gently and record the equilibrium temperature.
5. Measure the mass of the calorimeter and its contents.

6. Repeat the above steps.

DATA COLLECTION (use extra paper)

Design and use suitable tables to record the data.

DATA PREPARATION AND ANALYSIS

Compare the difference between the thermal energy lost and the thermal energy gained.

CONCLUSION and EVALUATION

Compare the thermal energy lost and the thermal energy gained. Discuss the main errors.

Explain the Thermal Energy gain and loss using a microscopic model.
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@ Investigation 3B
_4 SPECIFIC HEAT CAPACITY OF A METAL

0 Name Date Class Time: 40 mins -
- >
= You may be assessed using the following criteria: —
Q. )
o DATA COLLECTION =
)
3 o Collecting and recording appropriate raw data &
Q —t
- o Presenting raw data allowing easy interpretation o
g DATA PRESENTATION AND ANALYSIS i
~ o Processing raw data correctly o
w
= o Presenting processed data appropriately ©
> o)
. CONCLUSION AND EVALUATION o)
Q
© o  Stating a valid conclusion based on interpretation of results —
<Y} Q
Q@ o  Evaluating the procedure including limitations and errors c
(D -
5 o Suggesting a modified procedure to improve the investigation ™
Q
Q —
< M
o
> ASSIGNMENT o
o
- You are required to develop this investigation from first principles by constructing a laboratory report using the <
g normal communication procedures. o
— Using the normal equipment for Thermal Physics investigations, you are required to design and carry out an :
g investigation to determine the specific heat capacity of a metal cube or metal cylinder provided by your teacher.
2 Furthermore, you will need to compare your obtained value with published values, and confirm your identification i
< of the metal by choosing a second physical property of the metal and designing and carrying out an investigation to o
- justify your findings. ”
o You will need to provide your own paper and submit it as instructed by your teacher. -
Q@
= Q
o= —~
5 —
o O
M -
- —
. o
(@)
o w
) —t
o Q
—. )
- aQ
@) oy
) -
wn (O
O —
- 0
o <
v 0
o —
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Investigation 3C
LATENT HEAT OF FUSION OF ICE

Name Date Class Time: 50 mins

You may be assessed using the following criteria:
DATA COLLECTION

o Observing (collecting) and recording raw data
o Presenting raw data

DATA PRESENTATION AND ANALYSIS

o Processing raw data correctly

o Presenting processed data appropriately

BACKGROUND

Ice molecules are bound within a crystalline structure by intermolecular forces. The internal energy is due to the
kinetic energy of the vibrating molecules and the molecular potential energy of the ice lattice. When the ice changes
state, energy is absorbed and work is done to increase the separation between the molecules. The thermal energy
absorbed increases the internal potential energy because there is no temperature increase in the melting process. The
quantity of increased internal potential energy is known as the Latent Heat of Fusion of the substance.

When ice is added to warm water, it melts. In a closed system, the thermal energy lost by the warm water is equal to
the thermal energy gained by the ice. The ice may be at a temperature below 0° C if it has been in the freezer.

If this be the case:

[mass x sp ht x fall in temp] + [mass x sp ht x fall in temp]

‘warm water calorimeter

[mass x sp ht x rise in temp], + [mass x latent heat] _+ [mass x sp ht x rise in temp]

ice ice water

(Where ‘sp ht’ stands for the specific heat of the substances mentioned in the equation.)

Usually, when the ice is removed from the freezer it begins to melt within a short time. If this is the case, then the
specific heat capacity of the ice does not need to be considered in the above equation. Be careful that all the melting
water is removed from the ice.

This investigation can also be carried out using a polystyrene cup in place of the calorimeter.

Lice =3.34 x 10°Jkg™!
¢ ICE =2.1x10° Ikg—lKJ
Conrer = 218 % 10° Jkg'K"!

[euolleulolu,|

SUO[196[189/\U| SD!SAQd °9leéolne|jed>oeyg

10}

|[29A37 plepueig



s,

9|8S JO SUOI1IPUOD 9yl Japun pasn Ajjeba| ag Ajuo Aew o9bed SIYyl $10C N WoI2°pPIq! O

Investigation 3C
LATENT HEAT OF FUSION OF ICE

AIM

To determine the latent heat of fusion of ice and compare the value obtained with the published value.

EQUIPMENT

Calorimeter or polystyrene cup, ice cubes, paper towel, digital or beam balance, thermometers, warm water.

METHOD

1.
2.

Determine and record the mass of the calorimeter cup.

Warm some water to about 40°C and half fill the calorimeter with the water. Determine and record the mass of
the water.

Return the calorimeter cup to the calorimeter and cover it. Measure the equilibrium temperature of the water.
Dry the water from three normal sized ice cubes and carefully and quickly place them in the calorimeter.
Record the new equilibrium temperature.

Calculate and record the mass of the ice.

Write a report of your investigations on separate paper using the following headings:

DATA COLLECTION

OTHER OBSERVATIONS

DATA PRESENTATION AND ANALYSIS

CONCLUSION and EVALUATION
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Investigation 3D
THE UNIVERSAL GAS CONSTANT DETERMINATION

Name Date Class Time: i hour

In this investigation you may be assessed using school-based criteria.

BACKGROUND

An ideal gas is a theoretical gas that obeys the equation of state of an ideal gas exactly.

They obey the equation pV = nRT when there are no forces between molecules at all pressures, volumes and
temperatures.

From the combined gas laws, we determined that:
PVIT=k or PV =kT

If the value of the universal gas constant is compared for different masses of different gases, it can be demonstrated
that the constant depends not on the size of the atoms but rather on the number of particles present (the number of
moles). Thus for n moles of any ideal gas:

PV/nT=R PV =nRT

This is called the equation of state of an ideal gas, where R is the universal gas constant and is equal to
8.31 J mol™! K. The equation of state of an ideal gas is determined from the gas laws and Avogadro’s law.

Pressure can be defined as the force exerted over an area.
P=F/A
The SI unit of pressure is the pascal Pa.l atm = 1.01 x 10° Nm = 101.3 kPa = 760 mmHg.

Suppose we take a syringe, place on a set of digital scales, and push on the top of the plunger, the total pressure will
equal:

P +mg/A
Where P equals the atmospheric pressure and A is the cross-sectional area of the plunger.
Combining equations it can be shown that:

PV=(P,+mg/A) V=nRT

AIM

To determine the Universal gas constant using a calibrated syringe filled with a
fixed mass of air placed on a set of scales (see diagram).

DATA COLLECTION AND ANALYSIS (use extra paper)

Rearrange the equation given above to arrange the dependant and independent
variables, and the constant values.

Collect sufficient data that will allow you to draw a graph of the variables and —— Syringe
using the graph, determine the value of R.

CONCLUSION AND EVALUATION _ Scales

=
State a valid conclusion based on interpretation of results. Evaluate the procedure 23.45
including limitations and errors. Suggest a modified procedure to improve the
investigation.
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Investigation 3E
BOYLE’S LAW INVESTIGATION (data-based)

Name Date Class Time: 1 hour

You may be assessed using school-based criteria:

BACKGROUND

Boyle’s Law relates pressure and volume for a gas at fixed temperature for ideal gases. For a real gas, it is obeyed at low
pressures as is the case in school laboratory conditions. The pressure of a fixed mass of gas is inversely proportional
to its volume at constant temperature.

Pal/V

therefore PV = constant.

When the conditions are changed;
PV =PV,

There are three common experimental designs, and a schematic diagram for each design is shown below
(see Set-ups 1, 2, 3). The readings obtained must be taken slowly to maintain constant temperature because when air
is compressed, it warms up slightly.

Mercury needs to be used with particular care. If using the oil apparatus be sure to watch the amount of pressure
being used to avoid explosions of the glass tube.

glass tube

01— ,
/ volume of dry air

Bourdon pressure gauge (kPa)

\

,<|I i ::i

foot or electric pump

Set-up 3

oil reservoir

Set-up 1

column of dry air atmospheric pressure

Ih
mercury

movable limb

rubber tubing
scale
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e Investigation 3E
BOYLE’'S LAW INVESTIGATION (data-based)

© This investigation is a data-based exercise that will allow you to plot two isotherms. —
S =
S AIM o
(@) -
O To determine how the volume of a fixed mass of gas, at two constant temperatures, changes when the pressure on the 5
3 gas is increased or decreased. &
Q —t
- 5'
. DESIGN .
o
~ Using the data provided, plot the values for each temperature on a graph. Extrapolate the data points to obtain the ©
- relevant isotherms.
4 w
- TEMPERATURE 1 TEMPERATURE 2 :
» PRESSURE VOLUME PRESSURE VOLUME A
Q
> (Nm? x 10°) (cm?) (Nm? x 10°) (cm?) —
e} 1.1 45.0 1.1 30.0 &
® 1.3 37.7 i 20.3 .
3 1.5 33.0 22 15.0 o
QJ 1.8 27.2 2.8 12.2 i
- 22 227 3.3 10.0 o
°© 2.5 20.0 3.9 7.5
) )
Ny >
<
~  DATA ANALYSIS -
(@)
. Process your data to verify Boyle’s Law. o
«Q —
S )
— <
= ™
c wn
- _
o Q@
Q
[ —
5 —
a o
D >
- wn
- -
e -
@)
®) w
S —t
o Q
- a
o  CONCLUSIONS AND EVALUATION ©
3 -
v Give a valid conclusion and comment on the graphs obtained. Q
o l_
o ®
v <
& 0
5 —
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Investigation 3F
CHARLES’' LAW AND PRESSURE LAW (data based)

Name Date Class Time: 1 hour

You may be assessed using school-based criteria:

BACKGROUND

The Charles (Gay-Lussac) Law of gases states that the volume of a fixed mass of gas at constant pressure is directly
proportional to its absolute (Kelvin) temperature. This can also be stated as; ‘the volume of a fixed mass of gas
increases by 1/273 of its volume at 0°C for every degree Celsius rise in temperature, provided the pressure is constant.

VaT
VT =k
V/T =V,/T,

The Pressure (Admonton) Law of gases states that the pressure of a fixed mass of gas at constant volume is directly
proportional to its absolute (Kelvin) temperature. This can also be stated as; ‘the pressure of a fixed mass of gas
increases by 1/273 of its pressure at 0°C for every degree Celsius rise in temperature, provided the volume is constant.

PaT

P/T, =k,

P/T,=P/T,

Therefore; ‘for a fixed mass of gas, its pressure times its volume divided by its Kelvin temperature is a constant’
PV/T =k,

PV/T =PV/T,

This is known as the combined gas equation.

Some typical apparatus to demonstrate these relationships are shown below in Set-ups 1, 2 and 3.

thermometer . Bourdon pressure gauge (kPa)
capillary tube

counter balance

==

= H-

= ™ bead of acid themmometsr T

= scale

= P metal stem
=

E ™ air column

retort stand air enclosed in

a metal sphere

Set-up 2
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Investigation 3F @

CHARLES’ LAW AND PRESSURE LAW (data based)

® —
- thermometer 5
< —t
S I ®
(@) -
o f—_ >
5 pressure -
Q
- —
-------- o
N
o mercury i
N —
. o
j S
— dry air — \ O
v heat shield o
o Q
o —
e Q
o) C
3 Set-up 3 ™
o Q
=AM N
o
> To determine how the volume of a fixed mass of gas at constant pressure, and the pressure of a fixed mass of gas at o
< constant volume, change with the temperature of the gas. >
<
o In Set-up 1, a sample of dry air is trapped in a capillary tube by a bead of concentrated sulfuric acid. %
® The capillary tube is heated in a water bath and the water is constantly stirred to ensure that the temperature of the .
o whole air column is at the same temperature. The investigation should be carried out slowly to allow thermal energy v
Q@ to pass into or out of the thick glass walls of the capillary tube. —
© >
- In Set-up 2, the essential parts of the apparatus are a metal sphere or round bottomed flask and a bourdon pressure <
< gauge. These are connected by a short column of metal tubing or capillary tube to ensure that as little air as possible ™
c is at a different temperature to the main body of enclosed gas. v
™ In Set-up 3, mercury manometer heights are obtained, as explained in the previous investigation. o
Q
- This is a data-based exercise that will allow you to obtain a value for the absolute zero of temperature. i
o CHARLES' LAW PRESSURE LAW o
™ LENGTH OF AIR COLUMN TEMPERATURE PRESSURE TEMPERATURE >
- wn
- (cm?) Q) (Nm2x 10°) (°C) .
= 20.4 16.1 1.00 12.0 o
" 211 282 1.02 203 =
- 21.7 32.0 1.05 30.1 n
) 22.1 40.3 1.07 40.4 ;
- 233 56.0 1.15 52.0 .
- 24.0 66.1 1.17 61.8 Q
o 24.9 79.8 1.25 92.1 &
j -
o 26.4 99.5 1.30 99.7 o
- l_
—  DISCUSSION (use extra paper) o
» <
@ Use the data provided to obtain absolute zero, and comment on the relationships being investigated. o
5 —
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Investigation 3G - ZARTMANN INVESTIGATION OF
THE SPEED DISTRIBUTION IN GASES

Name Date Class Time:

You may be assessed using school-based assessment criteria:

BACKGROUND

In 1931, Zartmann in the United States of America carried 