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1. What fraction of the DFe distribution in the current state of 
the ocean has passed n times through the biological pump 
in the past, and what fraction will pass m times through the 
biological pump in the future, for any given n and m? 


2. How much does DFe at any given location contribute to the 
global export production per DFe molecule?


3. How do the mean number of past and future passages 
through the biological pump, and the closely related iron 
fertilization efficiency, depend on the uncertain iron source 
strengths?

Questions



Tracer equation for DFe
DFe sources

(aeolian, sedimentary, hydrothermal)

(∂t + T )χ =
∑

c
(Sc − 1)Uc(χ) +

∑

j
(Sj − 1)Jj(χ) +

∑

k
sk
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Regeneration (biological pump exhaust)

Uptake (biological pump feed)
Reversible scavenging

Advection-diffusion

(∂t + T )χ = Rχ − Lχ −Dχ +
∑

k
sk
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The equivalent linear system is not a linearization of the 
nonlinear model!

[DFe]

uptake
linearization

Equiva
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Partitioning DFe by source type

H ≡ T −R+ L+D
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Steady state:

The DFe concentration,     , that came from source      is 
given by

χk
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 [Holzer et al., 2016]

Single matrix inversion!In MATLAB (or Julia!) it is evaluated by   H \ sk



Partitioning DFe by n, the number of past regenerations

For example, n = 2 here.



Starting point of the recursion

The operator      does not allow DFe to be regenerated. 
I.e., each DFe molecule that gets taken up is taken out:

F
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Thus, the steady state given by                           


is exactly the DFe that was not regenerated in the 
past.

F χ0↓ =
∑

k
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The rate of first regeneration is           .
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The rate of first regeneration is           .
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So       , defined as the solution to                         , 
 is the DFe that was regenerated exactly once.
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(Because      = no regeneration.)
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Similarly,            is the 
source of DFe regenerated 
n+1 times. Thus,          , the 
concentration of DFe that 
was regenerated exactly 
n+1 times since birth is 
given by
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(Because      = no regeneration.)
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Memory of birth place dissipates quickly

Mathematically, the patterns of         for large n 
correspond to the eigen mode of the largest eigen value 
of                     , from

χn↓k
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Independent of source type k!

The pattern for            suggest Southern Ocean nutrient trapping:χn↓
k (`)
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How robust is the eigen pattern to source scenario? 

State estimate Acronym σA σS σH σtot

Low-hydrothermal LoH 5.3 1.7 0.15 7.1
High-sedimentary-low-aeolian HiS-LoA 1.8 6.2 0.87 8.9
Typical TYP 5.3 1.7 0.88 7.9
High-aeolian-low-sedimentary HiA-LoS 15 0.45 0.88 16
High-hydrothermal HiH 6.3 2.0 2.3 11
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Iron sources [Gmol Fe yr-1]



Magnitude decreases 
exponentially with n
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λn = exp(−n/n∗)
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n∗ = −1/ log(λ)
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where λ is the largest eigen 
value of     . AndA
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[Pasquier and Holzer, under review]



After some math, one can show that       obeys

H(nk χk) = Rχk
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nk
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, the mean number of past regenerations

Single matrix inversion!

nk ⌘
1X

n=0
n χn#k

χk
<latexit sha1_base64="IQEvMdidAutSDPOGX9qjPxoMBqM="></latexit><latexit sha1_base64="IQEvMdidAutSDPOGX9qjPxoMBqM="></latexit><latexit sha1_base64="IQEvMdidAutSDPOGX9qjPxoMBqM="></latexit><latexit sha1_base64="e1ZOBU4uQtfSqXEUOjnSrPND8qg="></latexit>

F χ(n+1)↓
k = Rχn↓k
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F χ0#k = sk
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(2)
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nk
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The mean number      of 
regenerations in the past is 
largest at the surface and in 
the Southern Ocean

nk
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H(nP
k χk) = RPχk
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The mean number of phosphorus 
molecules,          , globally exported in 
the past, per DFe molecule that is 
currently at r, obeys

nP
k (`)
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Single matrix inversion!



Use the adjoint operators  
        (adjoint for the volume-weighted inner product)

Partitioning DFe by m, the number of future regenerations



γD
<latexit sha1_base64="iLmcRSHxOlYQPmC/waFkZpnhmPc="></latexit><latexit sha1_base64="iLmcRSHxOlYQPmC/waFkZpnhmPc="></latexit><latexit sha1_base64="iLmcRSHxOlYQPmC/waFkZpnhmPc="></latexit><latexit sha1_base64="WflizQLGTfnaSu68OrkoPwLuQ2M="></latexit>      is the specific death rate (i.e., DFe scavenged and buried)

The fraction of DFe             
that will not be regenerated…

F̃ f 0↑ = γD.
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f 0↑(`)
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F̃ f (m+1)↑ = R̃ f m↑
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Single matrix inversion!

Partitioning DFe by m, the number of future regenerations

{
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Normalized zonal 
averages of 

m

f m↑(`)
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• Independent of source type k

• Homogeneous for m=0, but 

reaches below 50% of global 
mean near surface


• Surface concentrated for m>0

• Southern-Ocean signature

• Fast convergence to eigen 

mode



How robust is the eigen pattern to source scenario? 

State estimate Acronym σA σS σH σtot

Low-hydrothermal LoH 5.3 1.7 0.15 7.1
High-sedimentary-low-aeolian HiS-LoA 1.8 6.2 0.87 8.9
Typical TYP 5.3 1.7 0.88 7.9
High-aeolian-low-sedimentary HiA-LoS 15 0.45 0.88 16
High-hydrothermal HiH 6.3 2.0 2.3 11

Iron sources [Gmol Fe yr-1]
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exponentially with m
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where λ is the largest eigen 
value of                     .

[Pasquier and Holzer, under review]

λm = exp(−m/m∗)
<latexit sha1_base64="K7cEEIRegDLBj2s03100RUYQxFo="></latexit><latexit sha1_base64="reqv9psA8NruQra4ZvTwVHS5lzQ="></latexit><latexit sha1_base64="reqv9psA8NruQra4ZvTwVHS5lzQ="></latexit><latexit sha1_base64="EMrg8l/z2UwgY8+bNPYkuKoHPuQ="></latexit>

Ã = R̃F̃−1
<latexit sha1_base64="otDTD7v8LhImnQpNIE6WegIe20M="></latexit><latexit sha1_base64="otDTD7v8LhImnQpNIE6WegIe20M="></latexit><latexit sha1_base64="otDTD7v8LhImnQpNIE6WegIe20M="></latexit><latexit sha1_base64="otDTD7v8LhImnQpNIE6WegIe20M="></latexit>

Note that λ is also the largest 
eigen value of                     . A ≡ F−1R

<latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit><latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit><latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit><latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit>



The mean number of future regenerations:

We can show that          obeys

Single matrix inversion!H̃m = R̃ f↑
<latexit sha1_base64="8agqGMvXiFUqidI3oLjlUbeb728="></latexit><latexit sha1_base64="8agqGMvXiFUqidI3oLjlUbeb728="></latexit><latexit sha1_base64="8agqGMvXiFUqidI3oLjlUbeb728="></latexit><latexit sha1_base64="hB9btqtxxmCNLKBXnwNTl/30T/U="></latexit>

m(`)
<latexit sha1_base64="FF+A0/PXQ0CzkvP+9jftaXBM5xQ="></latexit><latexit sha1_base64="LuogI76sQjbxt9m6ztUrVEVZ4Oo="></latexit><latexit sha1_base64="LuogI76sQjbxt9m6ztUrVEVZ4Oo="></latexit><latexit sha1_base64="sfYVtcd51htyoElSH21LaErlmc8="></latexit>

m(`) ≡
∞∑

m=0
mfm↑(`)

<latexit sha1_base64="AEUQsTDy3G/u6GagwDvhEkQCBU0="></latexit><latexit sha1_base64="uDQ6Kh77TdXl/JzagIqH+cXAkc4="></latexit><latexit sha1_base64="uDQ6Kh77TdXl/JzagIqH+cXAkc4="></latexit><latexit sha1_base64="OQPrVYLYiV8HTe5QpQ6CkWLVBJE="></latexit>

The intrinsic fertilization efficiency:
The mean number of phosphorus molecules,            , 
that will be globally exported in the future, per DFe 
molecule that is currently at r, obeys

mP(`)
<latexit sha1_base64="xJAHAA0+MI235h0KI1aMgZKJDZg="></latexit><latexit sha1_base64="I1N6jN1auc4fhCsfBVCOFPLMQbQ="></latexit><latexit sha1_base64="I1N6jN1auc4fhCsfBVCOFPLMQbQ="></latexit><latexit sha1_base64="YHw6HZCnpIbd7R8x8GIs03RLihk="></latexit>

H̃mP = R̃P f ↑
<latexit sha1_base64="hArWCNBM/W0QjVqZGOloiD6Fbs4="></latexit><latexit sha1_base64="hArWCNBM/W0QjVqZGOloiD6Fbs4="></latexit><latexit sha1_base64="hArWCNBM/W0QjVqZGOloiD6Fbs4="></latexit><latexit sha1_base64="Zw89/ZXaN7Do+VP29ffU5gKuLNU="></latexit>

Single matrix inversion!



The intrinsic fertilization efficiency in 3D
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mP(`)
<latexit sha1_base64="xJAHAA0+MI235h0KI1aMgZKJDZg="></latexit><latexit sha1_base64="I1N6jN1auc4fhCsfBVCOFPLMQbQ="></latexit><latexit sha1_base64="I1N6jN1auc4fhCsfBVCOFPLMQbQ="></latexit><latexit sha1_base64="YHw6HZCnpIbd7R8x8GIs03RLihk="></latexit>

m(`)
<latexit sha1_base64="FF+A0/PXQ0CzkvP+9jftaXBM5xQ="></latexit><latexit sha1_base64="LuogI76sQjbxt9m6ztUrVEVZ4Oo="></latexit><latexit sha1_base64="LuogI76sQjbxt9m6ztUrVEVZ4Oo="></latexit><latexit sha1_base64="sfYVtcd51htyoElSH21LaErlmc8="></latexit>

• Independent of source type k

• concentrated in the surface

• ZA concentrated in the Southern Ocean
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The fertilization pattern at the surface

• Largest in the equatorial Pacific

• Secondary role for the Southern Ocean

mP(`)/⟨mP⟩surf
<latexit sha1_base64="qhxM+GgiWLurXFCeWxjuoYsUY9Q="></latexit><latexit sha1_base64="/hIRLE9hWbkVzw5smKMy9j94VSc="></latexit><latexit sha1_base64="/hIRLE9hWbkVzw5smKMy9j94VSc="></latexit><latexit sha1_base64="eXhAkzuB/g8KIS/JqSRX8Bg1aT4="></latexit>

m(`)/⟨m⟩surf
<latexit sha1_base64="lNT8xMzn5BQ9Ses166JPNs7yz04="></latexit><latexit sha1_base64="b2cCL9PfkRqm2AXmJ+8WpmC6Hlo="></latexit><latexit sha1_base64="b2cCL9PfkRqm2AXmJ+8WpmC6Hlo="></latexit><latexit sha1_base64="Mf+qxVUS+0DK2s6b4TsWNukHuSc="></latexit>



Thank you!



Extra slides



Use

A ≡ F−1R
<latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit><latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit><latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit>Use χn↓k = An χ0↓k

<latexit sha1_base64="PSi0mJBKDSYImG6MAgVBJ4a8/M8="></latexit><latexit sha1_base64="U0WkdoyIf7CBVpo1hBZEWaCkBqk="></latexit><latexit sha1_base64="U0WkdoyIf7CBVpo1hBZEWaCkBqk="></latexit><latexit sha1_base64="qgV0AynfgdKg0y0b9FWsfN2+das="></latexit>

(recall that                      )

F(1−A) = F −R = H
<latexit sha1_base64="JUz97rrQWHdx4N4YNDPavSdQ9hs="></latexit><latexit sha1_base64="7w2YyhwdDzvnnphpJfQE0EdXpIg="></latexit><latexit sha1_base64="7w2YyhwdDzvnnphpJfQE0EdXpIg="></latexit><latexit sha1_base64="7tSDAnXPfcFx8krYMLG+qkCyzKk="></latexit>

Apply                                              to the left

Appendix for the math: 
X

χn#k = χk
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

X
χn#k =

X
An χ0#k

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

X
An = (1�A)�1

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> X
χn#k = (1�A)�1 χ0#k

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H

X
χn#k = F χ0#k = sk

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

So                        because they are the solution to the same


linear system of equations.

X
χn#k = χk

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Appendix for the math: Derivation of  

χknk =
∑

nχn↓k
<latexit sha1_base64="uRbjXRr5ENBDv/Xg2DgZ68akcuQ="></latexit><latexit sha1_base64="6WQqCROmNOPgD5oKC0ixmgjAypU="></latexit><latexit sha1_base64="6WQqCROmNOPgD5oKC0ixmgjAypU="></latexit><latexit sha1_base64="hN3XMsX6eNq312DPfxAZwsHLeXQ="></latexit>

nk
<latexit sha1_base64="YJv7Jx6aRwyhoj69KGszt37qUwk="></latexit><latexit sha1_base64="xfELts5L9oQSsY+VLJvV/Zai2c0="></latexit><latexit sha1_base64="xfELts5L9oQSsY+VLJvV/Zai2c0="></latexit><latexit sha1_base64="D763AHAyCgq+y9kDg0VKWjrKvFE="></latexit>

χknk =
(∑

nAn
)
χ0↓k

<latexit sha1_base64="XwLWUWopKov/LhgTFT9hObl6UB8="></latexit><latexit sha1_base64="EnJio9fZuc25Smz7eRKb5fsD+Kw="></latexit><latexit sha1_base64="EnJio9fZuc25Smz7eRKb5fsD+Kw="></latexit><latexit sha1_base64="RR60uoMeEdjC+OjS/61XgnJbRac="></latexit> ∑
nAn = (1−A)−1 A (1−A)−1

<latexit sha1_base64="MKbb5V+1xRJtJunfJk05O8YzQSc="></latexit><latexit sha1_base64="C51anb8l/o+JfW/3EiPYqV/wSwg="></latexit><latexit sha1_base64="C51anb8l/o+JfW/3EiPYqV/wSwg="></latexit><latexit sha1_base64="GCiolEOnfFmmgSPFxKKBQlfvXk8="></latexit>

Use

χknk = (1−A)−1 Aχk
<latexit sha1_base64="wYWHHbqGXuyXkb3OVOh0baB0P78="></latexit><latexit sha1_base64="dBjTnUxqguoYhcOXMTjhKsjUkks="></latexit><latexit sha1_base64="dBjTnUxqguoYhcOXMTjhKsjUkks="></latexit><latexit sha1_base64="gF02TnGkzSsMaYfmI1gmMW6p0bc="></latexit>

H(χknk) = Rχk
<latexit sha1_base64="UIRj4lvXGxOOxkLoZjGFeolzsiA="></latexit><latexit sha1_base64="7PatLC7m3QamaTnbByieOVd1C4o="></latexit><latexit sha1_base64="7PatLC7m3QamaTnbByieOVd1C4o="></latexit><latexit sha1_base64="LNhXiY16x7d3aTvMs3Fefn2joms="></latexit>

A ≡ F−1R
<latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit><latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit><latexit sha1_base64="sc1KLWGmy8msHBieUWtKOBVWfCY="></latexit>Use χn↓k = An χ0↓k

<latexit sha1_base64="PSi0mJBKDSYImG6MAgVBJ4a8/M8="></latexit><latexit sha1_base64="U0WkdoyIf7CBVpo1hBZEWaCkBqk="></latexit><latexit sha1_base64="U0WkdoyIf7CBVpo1hBZEWaCkBqk="></latexit><latexit sha1_base64="qgV0AynfgdKg0y0b9FWsfN2+das="></latexit>

(recall that                      )

χ0↓k = F−1sk = F−1HH−1sk = (1−A)χk
<latexit sha1_base64="o6uCfhdM1uPu5i/d3IlLPBcyTdQ="></latexit><latexit sha1_base64="4X89EKY4Fgu3gYKLA5sW/6IKMWU="></latexit><latexit sha1_base64="4X89EKY4Fgu3gYKLA5sW/6IKMWU="></latexit><latexit sha1_base64="ACsXJZzgZsrg+ubjaAB/DvxhDSY="></latexit>

And

F(1−A) = F −R = H
<latexit sha1_base64="JUz97rrQWHdx4N4YNDPavSdQ9hs="></latexit><latexit sha1_base64="7w2YyhwdDzvnnphpJfQE0EdXpIg="></latexit><latexit sha1_base64="7w2YyhwdDzvnnphpJfQE0EdXpIg="></latexit><latexit sha1_base64="7tSDAnXPfcFx8krYMLG+qkCyzKk="></latexit>

with

RA−1(1−A) = F −R = H
<latexit sha1_base64="MfSoEq0bEYD5DksDqq5JDuoNVAA="></latexit><latexit sha1_base64="ccpwWniIt/YnnZuvBPrfK6mmxb0="></latexit><latexit sha1_base64="ccpwWniIt/YnnZuvBPrfK6mmxb0="></latexit><latexit sha1_base64="TDIoDhJ98VsWPVa/ZoVmG6g8KAM="></latexit>

Multiply on the left by
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For realistic source cases, 
most DFe was not regenerated

f0↓k ≡ χ0↓k /χk
<latexit sha1_base64="A//9GVpfEDnBpW1f6LpUinpOrHE="></latexit><latexit sha1_base64="3Zc7DiG/JPpVPbRpP8Xs3b2KF5Y="></latexit><latexit sha1_base64="3Zc7DiG/JPpVPbRpP8Xs3b2KF5Y="></latexit><latexit sha1_base64="XCnxdf+ZhXJyadTigogAeE1bNYQ="></latexit><latexit sha1_base64="FG5RNQg3fSkec8eZvlwJ33YaEng="></latexit><latexit sha1_base64="665C7kVyF5aBKcpDO7x9+Z1oaCI="></latexit><latexit sha1_base64="oKfQ3l7xDA2zHtzWa9RssD0gyno="></latexit><latexit sha1_base64="oKfQ3l7xDA2zHtzWa9RssD0gyno="></latexit><latexit sha1_base64="3Zc7DiG/JPpVPbRpP8Xs3b2KF5Y="></latexit><latexit sha1_base64="3Zc7DiG/JPpVPbRpP8Xs3b2KF5Y="></latexit><latexit sha1_base64="3Zc7DiG/JPpVPbRpP8Xs3b2KF5Y="></latexit><latexit sha1_base64="3Zc7DiG/JPpVPbRpP8Xs3b2KF5Y="></latexit><latexit sha1_base64="oKfQ3l7xDA2zHtzWa9RssD0gyno="></latexit>

⟨f0↓
k ⟩χk =

∫
d3` f0↓

k (`)χk(`)∫
d3` χk(`)

<latexit sha1_base64="nFYSHqSTxTd5VR9ssdOGW0rXKnE=">AAAD8nichVLbbhMxEHUaCiXcUnjkxVBFSkUUbUhvCCEFqEQfABVBL1KdRl7vbGLF9q5sb9vI2h/hBSFe+SH+Bm+SFrZVYaSVZs+ZOTOemTAV3Ngg+FVZqN5YvHlr6Xbtzt179x/Ulx/umyTTDPZYIhJ9GFIDgivYs9wKOEw1UBkKOAjHbwv+4AS04Yn6Yicp9CUdKh5zRq2HBvVvRFA1FIDjYxeQKDlVVOvkNB+MMdFTZuAIG/ </latexit><latexit sha1_base64="KRR+hVPEXH27B6EPWpWT5tv0Ntk=">AAAD8nichVLfTxNBEL5yVrH+An30ZZWQgJLmKhQwhgSVRB7UYLRAwpZmb2+u3XR377K7R2nW+0d8McYHX/yH/G/c6xX0IOgkl8x938w3szMTppxpEwS/ajP+tfr1G7M3G7du37l7b27+/r5OMkWhQxOeqMOQaOBMQscww+EwVUBEyOEgHL4u+IMTUJol8pMZp9AVpC9ZzCgxDurNfcWcyD4HFB/bAEfJSBKlklHeGyKsJkzPYj </latexit><latexit sha1_base64="KRR+hVPEXH27B6EPWpWT5tv0Ntk=">AAAD8nichVLfTxNBEL5yVrH+An30ZZWQgJLmKhQwhgSVRB7UYLRAwpZmb2+u3XR377K7R2nW+0d8McYHX/yH/G/c6xX0IOgkl8x938w3szMTppxpEwS/ajP+tfr1G7M3G7du37l7b27+/r5OMkWhQxOeqMOQaOBMQscww+EwVUBEyOEgHL4u+IMTUJol8pMZp9AVpC9ZzCgxDurNfcWcyD4HFB/bAEfJSBKlklHeGyKsJkzPYj </latexit><latexit sha1_base64="nngNqBsraDZVq7cX6lbrzFZGpdo=">AAAD8nichVLfaxNBEL4kVmv8leqjL6uhkGIIF9O0FRGqFuyDSkXTFrpp2NubS5bs7h27e03Ccv+ILyK++g/537iXpNVrqQ4czH3fzDezMxMknGnj+79K5cqNlZu3Vm9X79y9d/9Bbe3hoY5TRaFHYx6r44Bo4ExCzzDD4ThRQETA4SgYv835ozNQmsXyi5kl0BdkKFnEKDEOGtS+YU7kkAOKTq2Pw3giiVLxJBuMEVZzZmAxHb </latexit>

Fraction of DFe that was 
not regenerated since birth:

where

is the local fraction of DFe

not regenerated in the past.



How do the magnitudes of     ,     ,     , and        
depend on source scenario?

nk
<latexit sha1_base64="SewNgJljfdd+9PuozcGP6cyZk6I="></latexit><latexit sha1_base64="O4WG87UHNcRNSF7SgHpgid8fCWo="></latexit><latexit sha1_base64="O4WG87UHNcRNSF7SgHpgid8fCWo="></latexit><latexit sha1_base64="FibitH3H51M1ggaWaQFM+9mGQsE="></latexit><latexit sha1_base64="lPQkjF6RXT4FweF+eAESPkN8LxQ="></latexit><latexit sha1_base64="w5ZFXh1KHgyD3ODFNPPMy2FNkWI="></latexit><latexit sha1_base64="/28ScQXcH9z2pi8NP+AgGgO9cl4="></latexit><latexit sha1_base64="/28ScQXcH9z2pi8NP+AgGgO9cl4="></latexit><latexit sha1_base64="O4WG87UHNcRNSF7SgHpgid8fCWo="></latexit><latexit sha1_base64="O4WG87UHNcRNSF7SgHpgid8fCWo="></latexit><latexit sha1_base64="O4WG87UHNcRNSF7SgHpgid8fCWo="></latexit><latexit sha1_base64="O4WG87UHNcRNSF7SgHpgid8fCWo="></latexit><latexit sha1_base64="/28ScQXcH9z2pi8NP+AgGgO9cl4="></latexit>

nP
k

<latexit sha1_base64="xZQLntM38omJGISBDX9RcK2dFPc="></latexit><latexit sha1_base64="4SJ59m3BloD0FlcsyI4h2VfMBeE="></latexit><latexit sha1_base64="4SJ59m3BloD0FlcsyI4h2VfMBeE="></latexit><latexit sha1_base64="FlB36Pja86vrpiI1OwsRK27xEQA="></latexit>
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<latexit sha1_base64="wmj3y8hmtJa9GygIXWooe/n1/n8="></latexit><latexit sha1_base64="wmj3y8hmtJa9GygIXWooe/n1/n8="></latexit><latexit sha1_base64="wmj3y8hmtJa9GygIXWooe/n1/n8="></latexit><latexit sha1_base64="wmj3y8hmtJa9GygIXWooe/n1/n8="></latexit>

mP
<latexit sha1_base64="UXiBijhIbQ2v2tbCIDarT1es6OM="></latexit><latexit sha1_base64="UXiBijhIbQ2v2tbCIDarT1es6OM="></latexit><latexit sha1_base64="UXiBijhIbQ2v2tbCIDarT1es6OM="></latexit><latexit sha1_base64="UXiBijhIbQ2v2tbCIDarT1es6OM="></latexit>


