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The temperature anomaly T at any time and depth T'(z, t)

L atmosphere

'

e

=q,(1)

x v Assumptions:
- semi-infinite homogeneous half-space
FT 141 carth - constant thermal properties.
o xa - No heat production
- We assume a solutiontoqand T

(8]




ar atmosphere

k= =q,()
az
First we assume that the solution to gs(t) is on the x>
form: oT
(t)=k—= Ae~twt o Lo carth
ds 3, .1z
A oT . :
If we letA°=E then, — = A0p—iwt Y
0z
And

T(z,t) = A°f(z)e '®t + T,

Thus, we must find A%, f(2)




Insert for T

2 »
ka T =16_T «— T (zt) =A0f(z)e ot 4+ T, kgﬂl,(f) atmosphere
0z%2 Kkt s ~ -
PT _14T G
Jt Kk ot

Derivate with respect to t

1 .
EAOf(Z)e_lwt dt

2

0 —iwt
A f(z)e 3,2

A°f (2)e™i ]— = 40f (2)eit

This is now an ODE which we can solve by separating the variables and this way find our f(z)




Find f(z)
Aof(z)e—iwt 6_2

0z2

remember ODE - separation of variables:
Y'(x) = —dAaY (x),Y"(x) = —AY(x),
f(z) = aeV M ypeV-Mz

which in our case gives

o it

a=0
f(2) = g’ +he VM

Now we have f(z), we insert it in our equation:
[,
T(z,t) =A% N Kk e i@l 4 T,

And finally, we need to find our new A°

qs(t) = kﬂ = Ae~'ot
s 0z
. w0
Ae~i0t — A0 N K p-iwt
0z
A() _ é E e i% pi/4 just happens to be an eighth of a
- k cycle, meaning that if the sun hits its
w peak in the sky at noon, the warmest

point in the day will be at 3 pm!




A()

T(z t) = \/73 4e \} lw —lwt +T Remember that:
[
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Ak n 1Ztje,
T(Z't)=E\/gelZe N KZe—w)t +TO

A [k - |&
T(z,t) = i f (2= wt+7) T,




Why did we just do this?

Case study: Oslo, Norway

e h | I JBE

We can now figure out where to put our wine cellar (or beer cave if that suits you better).

4

__Of (more conveniently as grapes doesn’t grow in Norway) where to put our potato cellar. &

First lets look at the attenuation-of depth for the temperature anomaly in typical
Norwegian bed rock ¥
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The attenuation depth

w=2mf, where f is found for the diurnal, annual and glacial cycle
K (thermal diffusivity) and k (thermal conductivity) are chosen for typical Norwegian bedrock

K=— Zy = |[— Thus only K and w determine the attenuation depth of the temperature anomaly

Granite Wet soil Sandy soil
k=3.62 J/kgC k= 0.9 J/kgC K= 2 J/kgC
K =1.67E-6 m?/s K = 3.04E-7 m?/s K =5.79E-7 m?/s
Diurnal 0.21m 0.09 m 0.13m
Annual 4.09 m 1.75 m 241 m
Glacial 817 m 349 m 482 m




How does the temperature vary with depth in Oslo, Norway?
Where do we put our cellar?

w B
T(z,t) = %\/Ee_\/%zel(%z—wtﬁ%) + T,
),

®gnnuq = 1.99*107 rad/sec




Weather statistics for Oslo (Blindern) september 2016 - September 2017
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

§§= Il Normal temperature Ei
87+ 24°
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& 8 Ble sa slitsomt & sitte i solstol. Avslutter
e Y solingen i sengen & &
z Coldest: -12,6° (Jan 6) e : :

Aannual =399 C
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Temperature with depth (annual cycle)

——granite
~|—wet soil
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