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Because geometrically it is a
more perfect - balanced shape.

A cylindrical metallic rod has radius 1.0 cm

and length 25 cm. One end of the rod is
placed into a large chunk of ice at 0 °C and the
other in boiling water at 100 °C. The thermal
conductivity of the rod is 350 W m™" K-'.
Estimate how long it will take to melt 1 g of ice
It takes about 334 J to melt 1 g of ice at 0 °C.

Calculate the ratio of the power radiated per
unit area from two black bodies at temperatures

00 K and 300 K.
State what you understand by the term

black body.

Give an example of a body that is a good
approximation to a black body.

\/ By what factor does the rate of emitted
radiation from a body increase whaathe

b/ temperature is raised from 50 °C to 100 °C

A star radiates like a black body. Most of the
energy is emitted at a wavelength of 410 nm
What is the surface temperature of the star?

% Star X has peak wavelength 480 nm and

star Y has peak wavelength 560 nm.
Which star has the higher surface temperature?

39 The surface area and kelvin temperature of a black
body are both doubled. By what factor do:

a the radiated power
b the radiated intensity

increase?
|
40 °

A sphere of radius R and a cube of side R
radiate like black bodies. The sphere and the

chbeareratthe-sanie empeTature
Which body loses more energy per second?

41 The graph (Figure 7.16) shows a black-
body spectrum
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Figure 7.16: Fo

Determine the temperature of the black body.

The kelvin temperature of the black body in
a is doubled. What is the peak wavelength?

The area of the body in a is reduced, but
the temperature stays the same as that
found in a. Draw a graph to show the new
black-body spectrum.

(Hint: what does the area represent?)
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TEST YOUR UNDERSTANDING

Talking: Mr Alex ' 50 Star A has apparent brightness 8.0 x 10-"* W m™
and its distance is 120 ly. Star B has apparent
brightness 2.0 x 107> W m™ and its distance
s 150 ly. The two stars have the same size

Calculate the ratio of the temperature of star A
to that of star B.

Take the surface
6000 K

Find, in terms of the solar radius, the radius of a
star with:

a temperature 4000 K and luminosity
5.2 x 108 W

b temperature 9250 K and luminosity
4.7 x 10 W

Two stars, X and Y, have the same apparent
brightness and temp ture. The distance to X

is double the distance to Y. What is the ratio of

ht from a i i

Sl N ) : . L power radiated per unit area
star can be d ¢ r e the surface J_ emissivity = y

temperature of the star oT

A star appears blue and another appears total scattered power
appears blue anc PP albedo = - o SCATErSd POWEr
red. Which is hotte

total incident power
Stars A and B emit most of their light

B.3 Gas laws

star B. Find the ratio <"? hw \ imi noﬁwty c?
star A to that of B

Two stalg| > the same luminosity. Star A
a surface \(>ratur¢ of 5000 K, and star 8 a

e La. Lg <=

Suggest which is the larger star and by

how h. TN ee——
— e
‘/ The apparent brig 2ss of A is double that

of B: calculate the ratio of the distance of A
to that of B.
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ate nature of ma

GUIDING QUESTION

B. The particu

What is the mechanism by which the earth Albedo is the ratio a = W'
maintains a constant average temperature? AR S total incident power Standard level and higher level
B.1 Thermal energy transfers p= m
| n’t rod u C‘t i on For a body that can only absorb or reflect (i.e. it cannot vV
transmit) the emissivity and albedo are related by
An important application of the black-body radiation e+a=1 E_ _ Ek T
law is to the energy balance of the earth. The ecarth L o o o k 2 B
receives energy from the sun but also partly reflects and (”on.\ndcr a body o.l emissivity ¢ and xurluc’cvlcmpcr.'uurc
partly radiates this energy back into space. This keeps Tw hose >l1ertmdmg.~ have a temperature T, Q = mecAT
the average earth temperature roughly constant. .I he >urmund'mgs may be us'\umc'd‘ to be a black bm_)d_\. -
This phenomenon allows life on earth to be sustained rh"f Body r.ndlulc_x a lplcrwl_\‘.wf-l = Thc surroundmg.\ Q=mL
50 it is an important area of study. radiate an intensity oT¢. Of lhl\'. intensity the bo_d} will
reflect a fraction asT; and so will absorb a fraction AQ AT
(1 = a)eT, ie. eaT,. The net intensity for the body is S kA=
o : then I = eo T* — esT{. Thus the rate at which energy At Ax
8 ~ 1 Ra d |at 10N fro m leaves the body (the power) of surface area A4 is .
real bodies P = coM(T = T)) L=cAT
At equilibrium no net power leaves the body and L
Black bodies are idealized bodies. Real bodies radiate so T'= T, as we might expect. Table 8.1 gives values = W
according to the modified Stefan-Boltzmann law: for the emissivity of various surfaces. 7

P = ecAT*. The constant ¢ is known as the emissivity of
the surface. Its value is between 0 and 1; the value e = 1

20T =2.9%x10°mK

corresponds to the idealized black body. — Surface e Bnl“w Siss : :
S _ lack ” B.2 Greenhouse effect L power radiated per unit area
Emissivity 1s the ratio of the power per unit area black body emissivity = ri
radiated by a body to the power per unit area radiated ocean water 0.8 oT
by a black body of the same temperature.
: ice 0.1 total scattered power
Srv lard 57 albedo = —
ry lan - total incident power
land with vegetation 0.6

The power radiated per unit area is called
(radiated) intensity and so equals | = es T*.

B.3 Gas laws

Table 8.1: Emissivity of various surfaces

The unit of intensity is Wm™. Figure 8.1 shows the variation of the spectral intensity
B with wavelength A from various different surfaces
kept at the same temperature (300 K). The difference
in the curves is due to the different emissivities (e = 1.0,
0.8 and 0.2). The curves are identical apart from an
overall factor that shrinks the height of the curve as
the emissivity decreases. The peak wavelength is the
same for all three curves because the temperature is

the same.

Unlike a black body that absorbs all the radiation
incident on it, reflecting none, a real body will reflect
some of the incident radiation. The ratio of the reflected
intensity (or power) to the incident intensity (or power)
is called the albedo of the body.

-t sl e (0
oc-A. T4 p ¢ o. ). 71
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TEST YOUR UNDERSTANDING

The graph (Figure 8.2) shows the variation with
wavelength of the spectral intensity of radiation

emitted by two bodies of identical shape and size.

[/arbitrary 2.0
units

Figure 8.2: For question 1

a Explain why the temperagare of the two
bodies is the same. /ﬂ

b The upper line corresponds to a black
body. Calculate the emissivity of the

other body. /

2 \Ahe total power radiated by a surface of area
5.00 km? and emissivity 0.800 is 1.35 x 10°W.
Assume that the surface radiates into a vacuum
at temperature O K, Calculate the temperature
of the surface. ;

A sphere of emissivity 0.80 has radiu

and temperature 27 °C. The temperature of the
surroundings is 57 °C. At what rate does the
body emit radiation and at what rate does it
absorb radiation?




> By dppIyiAY cd

n 1] Bﬂ SIT j This disc area is zR?. This energy is then spread over the whole of the sphere area collecting ;
surface (day side and night side) which has a total area of 4zR%. radiation is 7R? neo m m; ,l—
]ﬂ L0 n?(f/) The average incident intensity [, .. throughout the course of one day (24 h) at any ﬁ /
” . power arriving throughthedisc = SxzR? S é’/é(f’ /fa/ (( +’(Ad
t on the surf, t b = = i,
/ﬂtgqs ! tj poimton e sirace must e total surface area of Earth AnR? 4 '/}/ {/flff /A
L\/‘) T%ef reLL m:@-&@Wm 2to0 2 s.f. -
' ; o . -
/ fﬂThls Tgn%t tHe end of the story because we have neglected the effect of Earth’s ~ Qa ,f 7!' (1 - a) . i
atmosphere. As the rgdlatlon from the Sun enters and travels'tf.\rough the radiati\t\an falls on half
atmosphere, it is subject to losses that reduce the energy arriving at the surface. the surface of the . d e _, -
Radiation is absorbed and scattered by the atmosphere. The degree to which sphere of radius R - .1 + J_ - . A j_

this absorption and scattering occur depends on the position of the Sun in the

sky at a particular place. When the Sun is lower in the sky (at dawn and sunsetand A Figure 2 The radiation incident on half
near the poles), its radiation passes through a greater thickness of atmosphere of Earth’s sphere can be imagined as being
and thus more scattering and absorption takes place. This also gives rise to the incident on a circle with Earth’s radius.

colours in the sky at dawn and dusk.
The inverse-square law used here is

The energy arrives at ground level and is incident on the surface. The surface discussed inTopicB.1.

of Earth is not a black body and it scatters some energy back up towards the
atmosphere. The extent to which a particular surface can scatter energy is known
as its albedo (from the Latin word for “whiteness”).

Albedois given the symbol a:

__energy scattered by a given surface in a given time

" total energy incident on the surface in the same time
_ total scattered power

"~ total incident power
Like emissivity, albedo is a ratio and has no units. [t varies from U for a surface that

scatters no energy (a black body) to 1 for a surface that absorbs no radiation at all.
Unless stated otherwise, the albedo in Earth system is normally quoted for A Figure 3 Cloud cover affects the albedo
visible light. of Earth.




The energy balance of Earth

The surface-atmosphere energy balance system is very complex. Figure 15 isa
diagram showing the basic interactions and you should study it carefully.

Global energy flows W m2

'\102\ reflected solar radiation | 341 /incoming solar

outgoing
|| | 101.9Wm? / | radiation
\ / | 341.3Wm2

longwave
radiation

\
\

\ | reflected by / 238.5W m-2
cloudsand /
\ . atmosphere _ — atmospheric
\.\ \ 79 V / ~ emitted by /; window
\ atmosphere i
N ) absorbed by Y L\;‘. greenhouse
\ | 78 atmosphere ; b gases
\  latent
\

17 80 heat -

transpiration
netabsorbed

A Figure 15 The factors that make up the energy balance of Earth (after Stephens and others, 2012
An update on earth’s energy balance in light of the latest global observations. Nature Geoscience.)



Global warming

There is no doubt that climate change is occurring on our planet. There is a
significant warming that will ultimately lead to changes in sea level and climate
acrossthe world. The fact that there is change should not surprise us. We have
recently {in geological terms) been through several lce Ages and we are thought
tobe in an interstadial phase (between lce Ages) now. In the 17th century, a “Little
lce Age" covered much of northem Europe and North America. The River Thames,
in London, regularly froze, and the citizens held fairs on the ice. In 1608, the Dutch
painter Hendrick Avercamp painteda winter landscape showing the typical extent
A Figure16 Winterlandscape with and thickness ofthe ice in Holland (Figure 16).

skaters (1608), Hendrick Avercamp.

Many models have been suggested to explain global warming, they include:

* changesinthe composition of the atmosphere (and specifically the
greenhouse gases) leading to an enhanced greenhouse effect

* increased solar flare activity
* cyclicchanges in Earth's orbit
* volcanic activity.

Scientists now recognize that climate change is due to the burning of fossil fuels,
which has gone on at increasing levels since the Industrial Revolution in the 18th
century. There is much evidence for this. Table 3 shows some of the changes in
the principal greenhouse gases over the past 250 years.

E 4201‘Scripps Institution of Gas Pre-1750 Recent % increase
% 400 Oceanography NOAA concentration/ ppb | concentration /ppb ' since 1750
é 380+ Global Monitoring carbon dioxide 280000 | 410000 | 46

E 350 Labortory ‘methane 700 1900 170
2 340 nitrous oxide 270 330 20

2 3204 ppb = parts per billion
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9.2 The lde&,}l_ GasS
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4) The duratioh of a collision is negligible compared to the time between collisions

5) The collisions of the molecules with each other and with the container are elastic (which means that
kinetic energy is conserved and we can apply energy theorems or conservation of momentum)

6) Molecules have a range of speeds and move randomly , T




4. [1 mark]

The graph shows how the temperature of a liquid varies with time when energy is supplied to the liquid

at a constant rate L The gradient of the graph is K and theliquid has\a specific heat capacity c.

™~
o

temperature




7. [1 mark]

Q and R are two rigid containers of volume 3V and V respectively containing molecules of the same

ideal gas initially at the same temperature. The gas pressures in Q and R arq¢ p 3n espectively. The
- - =

containers are connected through a valve of negligible volume that is initially closed.

Q valve R

Wa- o,-h . (YEROT PRI

3V ]g[ V
ﬁ?& PDJ Pﬁ E)&l_; Ab+ 3
pe valve ls%pelp

ed in s'?l‘ch a way that the temperature of the gases does not change. What is the L]
change of pressure in.@

A +p Ng + Ng, = Na+R 8/(
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