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Problem: How does an animal determine the location of a
sound source from the sound it hears?

This is an tnverse problem.

Two problems are called inverses of one another if the formu-
lation of each one involves all or part of the solution of the
other. One is called the direct problem, the other the inverse

problem.




Verbal examples: What is the question to which the

answer 1S
1. Crick?
2. Nine W7
3. Chicken Sukiyaki?
4. Dr. Livingstone I Presume?

Mathematical Example
Direct Problem: Given x calculate y = f(x).
Inverse Problem: Given y, find z = f~(y).

Methods of Solution

1. Graphical

2. Tabulation and look-up
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Direct problem of acoustics: Given source at x; with

time dependence P(t).
Find P(z,t,zs).
Solution P(z,t,zs) = 1t o, G(t —t',z,zs)P(t') dt’

GG is impulse response function or time dependent Green’s

function with animal present

Pressure Py, in left ear at x; and Py at right ear at Xp are
given by
Py(t,zs) = [F_Gt t,xp,as) P(t)dt

Pgp(t,zs) = [ Gt -t zp,zs) P(t)dt



Inverse problem: Given PL(t,x;) and Pg(t,zs), find g
and P(t).

To separate the two parts of this problem, we Fourier trans-
form Pr, and Pg:

PL (w7 .CIZ'S) =g (wa Lr, xS) p((ﬂ), pR(W) CCS) — g(wa LR, 1’5) p(w)

Divide to eliminate p(w):

pR(‘”? xS)/pL(wa xS) = g(w, LR, xS)/g(wa LL, $3>

Take logarithms to get two real equations

ILD(w) = log|pg (w,zs)| — log IPE (w, )]
L

=log|g (w, xR, xs)| — log|g (w, zp, xs)]|.

IPD((,U) arng( 7xs> — alg pr, (w xs)

e o

= (w, TR, T5) — arg g (W, TR, Ts) -
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8 kHz Receptive Fileld
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OPTICAL TECTUM  EXCTATION. /L

TECTUM
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EACH TCX NEURON EXCi7Es TECTUM NEVRONS  WITH
D (PFEREVT S YNAPTIC STRENGTHS U,

W, VARY “m;kﬁ\fc DEVELOYmEN T (‘Fﬂzs‘r 200 DAys) .

¢

CAPARILITY OF VARYING IS CALLED  PLASTICIT,

DNEVELOPNENT <AN RE ALTERED BY
a) EAR. PLUGS
L) PRISK GLASSES.

RESULT IN NEW AXONS AND MoDIFIED SyuAPTic
STRENGTHS,



DEVELOP MENT 7

S UPPOSE TCX NEOROW . SIeNALs TECTAL Cere J‘

To FiRE,

SUPPosE  OPFTIcAL SysTem SiepALs TECAL Cec |
TAAT THERE i< A MOLSE JN VISUAL RECEPNIVE

F/ ELD OF TECTAL CELL Jj\ THEN Vd:;) [(5 I}\/CRW@'
TF THERE I NO MOUSE  Lom s DECREASED
J

THERE LS A MAXiMvm VALVE OF ou;) ( SATURATIoN )

NEGATIVE VALUES DEWTE TInHIBiow,

WHY Do Ow(s EAT Micg?

j{ EFERENCE €

ERIC T. KNUDSEN &7 g AWM. REVS. NEVRoSC, t& [9-44 1995
| ATURE 2 2232
N 412 3 3 2009

M KONICH  Comp Riocuem PRYsIOL A 126 4S7-g4e
)_ooo)




