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Intensity

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑃𝑜𝑤𝑒𝑟

𝐴

𝑈𝑛𝑖𝑡𝑠 =
𝑊

𝑚2
= 𝑊𝑚−2

When talking about the 

intensity of light from 

stars, this is often 

referred to as brightness



Remember Brightness?

Asphere = 4πr2

Remember the surface 

area of a sphere?

As light travels away from a point 

source it spreads out in a sphere in all 

directions so the area is that of the 

shell of this sphere with a radius 

equal to the distance from the source



Equation Reminders

Luminosity

Brightness

Temperature



Intensity

Sun’s Power = 3.84 × 1026 W

Earth’s Distance from Sun = 150 × 106 km 

Calculate the intensity of the Sun’s 

radiation arriving to Earth 

𝑏 =
𝐿

4𝜋𝑑2

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 = 𝑏 = 1358 Wm−2

=
3.84 × 1026

4𝜋(150 × 109)2



Solar Constant

The average intensity falling on an area above the earth’s atmosphere perpendicular 

to the direction traveled by the radiation

S = 1358 W m-2 ≈ 1.36 × 103 W m-2



Average Solar Intensity on Earth
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Earth’s Radius = 6.37 × 106 m

Total Power Received by the Earth

Average Solar Intensity on Earth

𝜋𝑟2 = 𝜋(6.37 × 106)2 =

1.27 × 1014 m2

1.27 × 1014 m2 ×
1360 W

1 m2 =

1.7 × 1017 W

1.7 × 1017 W
𝑃

𝐴𝑠𝑝ℎ𝑒𝑟𝑒

340 W m−2 340 W m−2

Area of sun power captured:

Total sun power captured:

Average spread out across Earth’s surface:

=
1.7 × 1017 W 

4𝜋(6.37 × 106)2 =



Shortcut time!
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =  340 W m−2

The energy is captured by 

a disc with an area of πr2

and averaged out over a 

surface area of 4πr2

1360 ×
𝜋𝑟2

4𝜋𝑟2 =
1360

4
= 𝟑𝟒𝟎 𝑾 𝒎−𝟐



Thermal Equilibrium

In order to maintain a constant global 

temperature, the Earth must emit the 

same amount of energy that it 

absorbs

340 W m-2

340 W m-2

Captured energy from the sun

Energy that is reflected or reemitted as heat



Emissivity

What color car heats up the most in the sun?

Black – Absorbs more light



Black Body Radiator

A black body radiator is an object that is 

perfectly opaque and absorbs all energy

This also represents an object 
that is most efficient at radiating 
energy when it heats up

Conceptual Black Body



“Grey Bodies”

Black Body Grey Body

There are many objects that aren’t perfect black body radiators and emit 

less energy per second at the same temperature/size

The amount of energy emitted by a grey body can be 

quantified through the ratio known as _____________

𝑒 = 1 𝑒 < 1

emissivity



Emissivity

Emissivity e
𝑝𝑜𝑤𝑒𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑏𝑦 𝑎 𝑠𝑢𝑟𝑓𝑎𝑐𝑒

𝑝𝑜𝑤𝑒𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑎 𝑏𝑙𝑎𝑐𝑘 𝑏𝑜𝑑𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑎𝑛𝑑 𝑎𝑟𝑒𝑎

The emissivity is used to adjust for an object that isn’t a perfect black-body radiator

This value is always between 0 and 1

𝑒 ≈ 𝑒 ≈1 0.6



Emissivity

𝐿 = 𝜎𝐴𝑇4 Assumes that the 

object is a black body 

radiator

𝑒 = 1
emissivity = 1 if it is a black body radiator 
and emissivity < 1 if in other cases

The luminosity equation from topic B1 assumes black body radiation 

so emissivity can be added if it is not an ideal radiator



Emissivity

𝐿 = 𝑒𝜎𝐴𝑇4

𝑒 =
𝐿

𝜎𝐴𝑇4

𝑒 =
𝑝𝑜𝑤𝑒𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎

𝜎𝑇4

Power radiated per unit area

𝑒 = 1 𝑒 < 1



IB Physics Data Booklet



Emissivity
In

te
n

si
ty

Wavelength

Peak wavelength stays the same

𝑒 = 1

𝑒 = 0.5

Intensity 

drops by 

50%



Try This…

A body with a temperature of 370 K and a surface area of 0.8 m2 

radiates 600 J of energy each second (600 W). Calculate the 

emissivity of the body and sketch its intensity vs wavelength graph

Stefan-Boltzmann Constant σ 5.67 × 10-8 W m-2 K-4

𝑒 =
600

5.67 × 10−8 (0.8)(370)4

𝑒 = 0.705



IB Physics Data Booklet

Albedo → Ratio quantifying how reflective a surface is

Black Body

𝑎𝑙𝑏𝑒𝑑𝑜 = 0

Grey Body

0 < 𝑎𝑙𝑏𝑒𝑑𝑜 < 1

Shiny Body

𝑎𝑙𝑏𝑒𝑑𝑜 ≈ 1



Albedo vs Emissivity

Emissivity e
𝑝𝑜𝑤𝑒𝑟 𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎

𝜎𝑇4

Albedo

𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑒𝑑 𝑝𝑜𝑤𝑒𝑟

𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝𝑜𝑤𝑒𝑟

% Absorbed% Reflected

Note: in reality, the light reflected by the earth is at a very different wavelength 

than the light emitted so these values don’t always relate mathematically like this



Albedo vs. Emissivity

Albedo Emissivity

80 W 60 W

60

80
= 0.75

20

80
= 0.25



Albedo of Earth

𝐴𝑙𝑏𝑒𝑑𝑜 =
102

340
= 0.3



Albedo of Earth

Highest Albedo?

Lowest Albedo?

0.66
Snow

0.07
Ocean



Albedo of Earth

April, 2002, Terra satellite, NASA

White and 

gray areas: No 

data.

Since cloud formations change daily, the 

albedo of earth is constantly fluctuating

Surface

Atmosphere



Adjusting our Albedo

http://www.sciencemag.org/news/2017/09/los-angeles-paints-streets-white-stay-cool


Thermal Equilibrium

In order to maintain a constant global 

temperature, the Earth must emit the 

same amount of energy that it absorbs

340 W m-2

340 W m-2

Captured energy from the sun

Energy that is reflected or reemitted as heat

Albedo Emissivity



Thermal Equilibrium

= (out)(in) 342 W m-2 342 W m-2 



Lesson Takeaways

❑ I can define intensity with proper units

❑ I can describe how intensity changes according to the 

surface area of a sphere

❑ I can derive the Solar Constant from the sun’s power and 

distance from earth

❑ I can calculate the average solar intensity on earth from 

the solar constant and earth’s radius

❑ I can compare the properties of albedo and emissivity
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