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Learning Outcomes

CONTENT

Inverse square law

k

P -
I=- Id% = L,d3 I1=—3

I | know that irradiance is the power per unit area incident on a surface.

| can use the equation I = S to solve problems involving irradiance, the power of

radiation incident on a surface and the area of the surface.
| know that irradiance is inversely proportional to the square of the distance from a
point source.

- | can describe an experiment to verify the inverse square law for a point source of

light
| can use and I;d# = I,d5 to solve problems involving irradiance and distance from a
point source of light.



* I[rradiance, | at a surface on which
radiation is incident is the power per
unit area.

, * Irradiance, | is measured in watts per
Irradiance square metre.

* The equation for irradiance comes from
. E
the equation, I = -

* Reducing to '
P

I=" /

watts
square meftres

watts per square metre =




Irrad:ance | is inversely proportional to the square of the
distance, d, from a point source. \ -

Imagine a balloon with a light bulb shining\"\'side (for thé!;e models we will
ignore the Health and Safety problems with such an‘experiment). If the
source is radiating 100W, then 100W of.light is landin Ahe insi

balloon skin. This is true, regardless of ' 2D
balloon is blown up the amount of light (i
of the balloon skin reduces.

100 W

T
surface area (m*)




e Suppose we arranged for the balloon to have
radii of 1m, 2m, 3m etc. one after the other,
then | for each surface (assuming the
balloon was spherical) would be

* Therefore:

1
IOCT_Z

* Which gives the equation:
Ild% —_ Ild%

Where d= radius of the sphere /
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A graph of Irradiance against d for a light source
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A graph of Irradiance against 1/d for a light source
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[vi1/d?

a straight line
through the
origin shows
the
guantities (|
and 1/d?)are
directly
proportional

(Wm=2)
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A satellite is orbiting the Earth where the
irradiance of the Sun’s radiation is

1.4 kW m=2. Calculate the power received
by the satellite’s solar panels if they have
an area of 15 m?.

Examples

A pupil measures the light irradiance of a
100 W light bulb as 0-:2 W m™ at a

distance of 2 m. Calculate the irradiance
that would be measured at a distance of:

e 1 m from the light bulb

e 4 m from the light bulb.



1. 21kW

| o

I =

Answers

14k—P
715

P =21kW
2 L(df) = Lo(d3)

(a) 0.8 W m 2

0.2(2%) = I,(1?)
12 - 08 Wm_z

(b) 0-05 W m2 02(22) — 12(42)

I, = 0.05 Wm2




Proving the Inverse Square Law

selenium photovoltaic
cell —
g [
\y//

low resistance

L LT voltmeter

metre stick

Darken the room. Place the light detector a distance from the lamp.

Measure the distance from the light detector to the lamp and the irradiance of the light at
this distance.

Repeat these measurements for different distances between detector and lamp.

Plot a graph of light irradiance against 1/distance? from the lamp.



Other set ups!

Light-tight tube

LDR Distance scale
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small lamp light meter
Exam Question 2 1| ko
0 0-1 0203040506 070809 1-0m
A student carries out an experiment to investigate how irradiance on a surface varies
with distance from a small lamp.

Irradiance is measured with a light meter.

The distance between the small lamp and the light meter is measured with a metre
stick.

The apparatus is set up as shown in a darkened laboratory.
The following results are obtained.

Distance from source/m mmmm
675

(@) What is meant by the term irradiance?
(b) Use all the data to find the relationship between irradiance | and the
distance d from the source.

(c) What is the purpose of the black cloth on top of the bench.

bench top



Distance from
~1d* =k source/m

where k Irradlance/unlts 675 302 170 108
= 27 Distance? /m? 0.04 0.09 0.16 0.25

Irradiancex d? / 27 27 27 27
Wm-2



Light Irradiance

Irradiance is the product of the number of photons per
second per square metre and the energy carried by each

photon.
I=NE == I=Nhf
I=Nhf
irradiance = No. of photons }ergy‘per photon (J)
(Wm-2) per second per square metre (s''m2)




