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The discovery of Argon

In the early nineteenth century, air was known to be made up of
oxygen and nitrogen.

Lord Rayleigh removed the oxygen from the air, and measured the
density of the remaining nitrogen. He obtained:

pn = 1.2572kgm 3.

He then measured the density of nitrogen prepared from chemicals,

and found:
pn = 1.2505 kg m~3.

This is a small discrepancy, representing an error of about 0.5%.
However, Rayleigh was confident that his errors were less than this.
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The discovery of Argon

Lord Rayleigh presented his findings in Nature in 1892, and gave a
talk in 1894 which Ramsay attended. After this, the pair teamed
up to find out whether the nitrogen from the air might contain a
small quantity of a heavier gas, causing the difference in density.
Ramsay, a chemist, succeeded in isolating a new gas, which he
named ‘Argon’

Lord Rayleigh won the Nobel Prize in physics 1904 for the
discovery of Argon, and Sir William Ramsay won the Nobel prize in
Chemistry that same year.
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Lesson Objectives

1 To understand the notes on density.
2 To measure the density of solids experimentally.

3 To learn how to answer questions on density.

Textbook pp. 162-163

REMINDER: Office hours are week 2 Tuesdays 3.45-5.0 p.m. in

room 19.
Next office hours: Tuesday 22 January 2013
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Specification Requirement

Bulk properties of solids
Density p = ¢

[AQA GCE AS and A Level Specification Physics A, 2009/10 onwards]
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The NB system seems not to be working properly at the moment
(I've emailed the MIT people) so we'll have to do reading memos
on paper until that is sorted. . .

1 person had emailed me the reading memo last night by 9.30.

Hopefully at the start of the lesson | now have the other 14 memos!
Remember:

@ You must make at least 1 comment (1 is not really enough).

@ Make sure you write down any difficulties you had in
understanding (even if you puzzle it out later).
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Questions arising from reading memos. . .
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Masses of centimetre cubes

11.4g 19.3g

val\alvalvalva v

Water  Aluminium Iron Copper Lead Gold
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Densities of various substances

substance p/kgm—3
lead 11300
aluminium 2700
water 1000
air 1.2
hydrogen 0.08
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Copy this table

Material | m/g | x/cm | y/cm | z/em | V/em® | p/gcm ™3

mTmooQow®
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Practical: measuring density

1 Have a guess what each material is, and put this in the first
column (material)

2 Fill in the mass m, length x, width y and height z for each
material to an appropriate degree of accuracy

3 Work out the volume V and write it in the table to an
appropriate degree of accuracy

4 Calculate the density p, and note down the value in the table
and think about the error Ap on this value, and write
down what you think it is
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Discussion of results
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ACN'’s results

Material | m/g [ x/cm | y/em | z/cm | V/em3 | p/gcm™3
A: 160.7 | 5.0 3.9 2.9 57 2.8
B: 168.1 | 5.0 1.9 2.0 19 8.9
C: 56.4 5.0 4.0 3.1 62 0.91
D: 0.3 4.8 2.0 1.8 17 0.02
E: 29.6 5.0 3.9 29 57 0.52
F: 466.3 | 5.0 3.9 3.0 59 8.0
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Do we have a good ‘sense’ of density?

Density is defined as
mass per unit volume
Density = mass/Volume
p=m/V

(Image: W.J.Pilsak)
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Do we have a good ‘sense’ of density?

Density is defined as
mass per unit volume
Density = mass/Volume
p=m/V

(Image: W.J.Pilsak)
Water:
1000 kg m~3 or 1 kg/!

Gold:
19300 kg m—3
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Olive Oil: polystyrene:
800—920 kgm—3 30 — 100 kgm—3
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Density Calculations

Adapted from General physics, A.E.E. McKenzie, Cambridge University Press, 1965

1 The mass of a cork is 10g, and its volume is 40 cm>. What is
its density?

2 A gold ring has a mass of 9.65g. If the density of gold is
19300 kgm~3, what is the volume of the ring?

3 The density of glass is 2.6 gcm™3. A sheet of glass is square,
having a side of length 40cm, and is 0.25cm thick. Find the
mass of the sheet.

4 A piece of tin foil is rectangular in shape, being 10cm long
and 8cm wide. If it has a mass of 29.2 g and the density of
the tin is 7.3gcm™3, find its thickness.
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Density Calculations |l

Adapted from General physics, A.E.E. McKenzie, Cambridge University Press, 1965

5 A thread of mercury 12cm long has a mass of 8.16g. If the
density of mercury if 13600 kgm~3, find the cross sectional
area of the thread.

6 A full-size wooden model of an iron object has a mass of
100 kg. What is the mass of the iron object? Densities of
wood and iron are 0.70 and 7.7 gcm ™3 respectively.

7 25cm? of salt solution of density 1200 kg m3 are mixed with
35cm?® of pure water. What is the density of the mixture?
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Plimsoll line

Samuel Plimsoll was born in 1824 in Bristol. He was a politician
and social reformer, who fought against “coffin ships” which were
unseaworthy and overloaded vessels. In 1876 the Merchant
Shipping Act made the load line compulsory on ships.

Image: Brinki

The plimsoll line on a ship’s hull indicates the safe limit to which a
ship may be loaded. Different ships have different load limits, and
there are different lines for different waters.
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