Tfy-3.4311 Materials Physics II Examination 9.1.2009

READ CAREFULLY THE FOLLOWING INSTRUCTIONS!
State clearly on your answer paper which of the following exam options you have chosen:

Full course exam, no exercise points taken into account: A2, A4, BS, Cl, C2 (total
30 p)

Mid-term exam 1, points from exercises taken into account: A1-Ab5

Mid-term exam 2, points from exercises taken into account: B1-B6

You can answer in Finnish if you like. Explain the concepts that you use in your answers.
All the figures are in the next pages, after the problems. Return also this exam sheet!

Al
A2

A3

A4

Charge carrier densities in homogeneous semiconductors (5 p).

Scottky model for a pn-junction. Explain the assumptions, quantities, and physical
priciples (laws) used! (5 p).

a) How does the mobility behave in doped semiconductors as a function of temperature?
Why? (3 p)
b) Explain the experimental results depicted in Fig. 1! (2 p)

a) Atomic diamagnetism. Explain the main principles! (3 p)
b) Pauli paramagnetism for the free electron gas. Explain the main principles! (3 p)
¢) Explain the origin of the exchange interaction and the structure of the Heisenberg

~exchange Hamiltonian! (3 p)

A5

B1

B2

B3
B4

a) Fig. 2 compares the mean-field model with magnetization values measured for Ni.
Where are theory and experiment in disagreement and why? (2 p)

b) Spin waves. Explain their physical idea! Wht type of phenomana they explain?
What are their most important properties? (4 p)

Derive OR explain how you would derive the equation for the number of Frenkel pairs
in thermal equilibrium. (5 p)

a) Defects in ionic crystals. What types of defects there exist? What one should take
into account in their theoretical modeling? (3 p)
b) Explain how defects can affect the mechanical properties of a metal! (3 p)

Describe the laws and quantities needed to model atomic diffusion in solids (4 p)

a) Describe the atomic polarizability and the ionic displacement polarizability in terms
of simple models! (4 p)
b) Clausius-Mossotti relation for dielectric properties (2 p)




B5 How does the dispersion relation for transversal electromagnetic oscillations in insula-
tors behave? What kind of regions can you recognize? (3 p)

B6 a) Interpret the results shown in Fig. 3. (2 p)

b) Fig. 4 shows the reflectivity of of different n-doped InSb samples. Interpret the
results. (2 p)

¢) Explain the features of the absorption spectrum of CuyO shown in Fig. 5. (2 p)

Cl Derive the equation for the number of Frenkel pairs in thermal equilibrium. (5 p)

C2 a) Derive the expression
2
Wi (€0 — €o0)
W) =€ + 57—
(W) = € wi — w? — fyw

for the complex dielectric constant €(w) for the model of a damped dipolar oscillator
having the equation of motion

pi + pya = —ku + e*Eyq,

where the damping constant, v > 0, accounts for the optical absorption in the medium.
(5 p.)

b) Obtain expressions for the real (¢;) and imaginary (e;) parts of € and show that e
peaks at a frequency wp = wr, and ¢ has zeros at frequencies wy and wy, (in the limit
of small damping). (3 p.)
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Figure 1: PL = photoluminescence
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Tf£y-99.4263 Elollisen aineen fysiikka II (elektrofysiologia)  Tentti 12.1.2009
Koskelainen
Kirjoita paperiin nimesi ja opiskelijanumerosi.

1. Maddrittele tai vastaa lyhyesti:
a) Mistd aiheuvat ioneja solukalvon ldpi ajavat “voimat” (“driving forces™)?
b) lonikanava
¢) Synapsi
d) mepp ("miniature end plate potential”)
e) Jannitelukitus
f) Porttivirta (“gating current”)

2. a) Kuvaa sihkéisesti drtyvin solun solukalvon ldpi ioneja ajavat voimavaikutustekijit “driving
forces”. Mitka tekijat méaaradvat virran suunnan?
b) Hahmottele kvantitatiivinen kuvaus solun Na'- ja K'-konduktanssien virta-jénnite
-riippuvuuksista ((K"Jou/[K"Jin = 0,1 ja [Na'Jou/[Na']i, = 10), jos molemmat ioni-
konduktanssit kdyttdytyvit vakiokenttdoletuksen mukaisesti. Selitd, miksi I-V —kéyrit ovat
tasasuuntaavia piirroksessasi.

3. Mustekalan aksoni noudattaa Hodgkin-Huxley —mallia
G\, V. (),t)= GNa,m‘mz(Vm @),0)h¥V,, (t),t) jasen Gk pmay = 40 mS/cm?, G i

=120 mS/em®, G, = 0,3 mS/em?, C,, = 1 pFlem?, Vi =-60 mV, Vyg = +60 mV ja
VL =-40 mV. Aktivaatio- ja inaktivaatioparametrit m, n ja h noudattavat
ensimmadisen asteen kinetiikkaa eli (fi—':’ _Me . Tms Moo, Tny Neoy Th j@ oy

T

m

saadaan kuvasta seuraavalla sivulla. Kalvojénnite ei riipu paikasta. Hetkelld ¢ =0
kalvojénnite V,, hyppéytetdén arvosta -100 mV arvoon +60 mV ja palautetaan
takaisin arvoon -100 mV hetkelld r = 100 ps. Miké on natriumvirran Jy, arvo
ajanhetkind £ = 50 ps, £ =110 ps ja r =200 ps?

4. Tutkit intrasellulaaritekniikalla pitkdn dendriittihaarakkeen ominaisuuksia.
Dendriitin lepokalvojénnite on -70 mV. Viet mikroelektrodin kiirjen dendriittiin
ja voit syottdd askelmaisia virtapulsseja 7, = 100 pA soluun. Dendriitti kdyttaytyy
kuin vuotava kaapeli ja askelmaisen virtapulssin tuottama kalvojénnite saadaan
kaapeliyhtdlon ratkaisuna

2T 2T

missd X = x/A ja T = t/z, pituus- ja aikavakiolla skaalatut dimensio ja aika.

a) Miki on solun sisd&nmenovastus, jos solun aksiaalinen resistanssi ; = 100
Q/cm ja kalvoresistanssi 7, = 2500 Qcm?

b) Miki on kalvojénnite etdisyydelld 5 cm virransyé6ttokohdasta, kun solu on
saavuttanut stationdéritilan?

Vm(T,X)z#[e’Xerfc( X —\/Tj—exerfc[ A +ﬁj:l,

5. Pyoreén, tasapotentiaalisen neuronin solukalvossa on lepotilassa kalium-, natrium-
jakloridikonduktanssia seuraavasti: gk = 10 uS, gna = 0,5 puS ja gy = 2,5 pS. Ioni-
lajien Nernstin potentiaalit ovat: Ex = -75 mV, Ex, = +55 mV ja E¢; = -69 mV.



