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Physical flows live in a geometry

Physical flows are an amount per time (rate):

flow rate

amount

time

The geometry allows us to define a related quantity:
rate  amount of stuff

flux of stuff = = :
area area X time
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Flux thoughts

1 Explain why rate (amount per time) is more useful
than amount.

2 What kind of flux (flux of what?) is current
density?
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What is the average solar flux on

Earth’'s surface?

At top of atmosphere, looking directly towards the Sun,

the flux is 1300 W/m?.
sunlight ‘W
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What is the average solar flux on

Earth’'s surface?

At top of atmosphere, looking directly towards the Sun,

the flux is 1300 W/m?.
sunlight ‘W

power = energy flux x area = F7r Rearn?.

@ RADLEY



What is the solar flux at Pluto’s orbit?

Remember that flux is connected to area, because flux
IS a rate per area.
Use proportional reasoning!
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What is the solar flux at Pluto’s orbit?

Remember that flux is connected to area, because flux
IS a rate per area.

Use proportional reasoning!

The solar flux F at a distance r from the Sun is the
solar luminosity Ls,,—the radiant power output of the
Sun—spread over a sphere with radius r:

o Lsun
Arrr?

'Pluto = 40 x I'Earth
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What is the solar flux at Pluto’s orbit?

What not to do:

I—Sun LSun
MEarth = m ------ > Ipluto = 40 X
Farth 4'77-":Earth Plu 4‘7"—FEarth
A (extra baggage) :
3 _ Lsun - ﬂ 3 B Lsun
: r= Amr F= 4-7'“’27 : Plute = 47TrP|uto
l \
F o< r=2 1300
Fearn = 1300W/m? ———"——» Fp i, = — —W/m?
prop. reasoning 402

@ RADLEY



What is the solar flux at Pluto’s orbit?

Instead, using proportional reasoning:
» As r changes, Ls,, and factor of 47 stay the same.
» Simplify F = Loy, /47r? to F o< r=2.
» This scaling relation is shorthand for

—2 -2
Fpiuto [ "Pluto = —F Pluto
- y OF I'Pluto = IEarth .

Fearth IEarth IEarth

» Since rpiuto = 40 X rearth,

£ _1300W 1 08W
Pluto = = 112 1600~ m?
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What is Pluto’s surface temperature?

Surface temp. depends mostly on so-called blackbody
radiation

sunlight energy at bIackbody
—_——————> >

Radiated flux F is given by:
F=0oT*

where o &~ 5.7 x 1078

m2K*’
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What is Pluto’s surface temperature?

Lun
F— S

~ 47r2 | Pluto surface energy | F=oT*

Simplify to scaling relations:
F o r=2 Fo T?
Combine to a single scaling1 relation:
r?oc T* so T oc (r?)%, simplifying to T o rs.
Scale from the known ( Tgath = 298 K, rputo = 40rEarth):
Tearth 298K ~ 50K

Teiuto ~ ~
Plut \/E 6
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What is Pluto’s surface temperature?

Actual value: 44 K

[Source: https://en.wikipedia.org/wiki/Pluto]
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What is Pluto’s surface temperature?
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