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Barem de evaluare si de notare

Orice alta rezolvare care conduce la rezultate corecte se va puncta corespunzator

it"tle :n Problema a I11-a  Proprietdti ale materialelor paramagnetice Punctaj
1. | Pentru: 1,0p
intensitatea curentului electric echivalent j = e__v e 0,2p
T 2x-r
. . - 2 v e |
modulul momentului magnetic |y| =x-r°- ‘e = P ‘L 0,5p
2w -r 2m
e —
n=-—1L 0,2
H om p
2. Pentru: 1,0p
cos 6, m 0
e ’5
"+ P
m
6, =arccos| ———=|, cumeZ,-1<m</| 0,5p
NIE (1+1)
3. Pentru: 1,0p
i
zEk 'eXP(_ Ei/ksT)
expresia energiei medii (E) =+ 0,5p
ZeXP(_ Ek/kBT)
k=1
()= 9 ks T +2.62% 43.6%)
-5 -2, -3,
e"+e " +e
-5, -26, 0.5p
£) = 9 ks T(+2.6% +3.62%)
(E)= 1+e™% +e 2
4a. | Pentru: 0,5p
proiectia momentului cinetic pe directia cdmpului magnetic aplicat
o . -~ 0,2
i, = e/tem’))-a- 1], P
uz=(e/(2m*))'g'm-h=y5~g~m , —j<m<j 0,3p
4b. | Pentru: 0,5p
energia asociata atomului aflat in cdmp magnetic 05
E,=-p-H=e/em) g-J-A=g yg-H-m, —j<m< +oP
4c. | Pentru: 2,0p
valoarea medie a proiectiei momentului magnetic
J J
Zﬂs -g-m-exp(- E,, /kgT) Zﬂs -g-m-exp(-g-pg-H-m/kgT)
</1> _ m=—j _ m=—j O,2p
J i
> exp(- E,, /ksT) > exp(-g- ug-H-m/kgT)
m=-]j m=—j
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J
> x-m-exp(- x-m)
</¢>—kBTm:_j : _ kel =, unde x=g"u5'H 0,2p
H L kgT
D exp(- x-m)
m=—j
) 4 ax(2j)
Z-e e 14 1ol e —gri.] 1e ~ 0,2p
-e
x| j+= -x{j+—| Sinh| X-| j+—
)] s (1))
Z= X X = O’2p
eE — e_E Slnh(j
9=x-j-e7+x-(j-1)-e Vs 10— —x-(j-1)- eV _x.je*I 0,2p
dx
j+1 -cosh| x - j+1 -sinh X —1-cosh X -sinh| x - j+1
2 2 2) 2 2 2
F=x- 0,2p
sinh{xj
2
(j+1)-ctgh x-[j+1j -sinh[xj—1-cosh(xj
kgT - x 2 2 2) 2 2
() = - 0.2p
H [ x
sinh| —
2
1 .
</¢> =g Ug ‘{Ctgh(x)—a-ctgh(gj}, pentru j =1/2 0,2p
</¢> =g Ug ‘{%-Ctgh(%-xj —%-Ctgh(g)}, pentru j=1 0,2p
4d. | Pentru: 0,9p
expresia magnetizarii
. o1 1 X 03
M=N-{uy=N-g-ug-| j+—=|-ctgh x-| j+—=||-—=-ctgh| = P
) =N-9- s {(’ 2J g{ (’ 2)} 2 9(2}
campuri magnetice mari, la saturatie, cand x — «, ctgh(x) =1 06
M=N'<ﬂ>EN'9'/¢B'J' ,0p
4e. | Pentru: 0,6p
campuri magnetice foarte mici, pentru care X — 0
2 2
M(xﬁo):N.w.(ﬁ +j) 0.6p
3kgT
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4f. | Pentru: 1,5p
expresia energiei medii pe particula

iEk -exp(- Ey /kgT) iEk -exp(- yE; )

(E)=*" = ,unde y = ﬁ 0,2p
2. expl=Ey /keT) 2 expl-yE,) g
_d(E) _d(E) oy 1 d(E) o
ar dy dT keT?2  dy ’
zEk -exp(- yE; )
d(E)_d|& .

vood > exp(- yE,)
k=1

ae) {— gEkZ -exp(— yE, )} . Lﬁ;exp(— VE, )} + LG; E, -exp(- yE, )T Lz"; E, -expl-yE, )}
_ Sonto )|
dE) ~(E%)+(E)" 0,3p

0,3p

dy
~ - lE)-(ey)
1= (E?)-(E) 0.2p
4g. | Pentru: 1,0p
E,, << kg T, toate exponentialele exp(— E, /kBT) = exp(O) sunt practic egale 0.2p

Cu unitatea

J J
E
<E>=m§ g -H-m;’m=o oo
2j +1 B 2j 41
S E > 23

2\ _ m _ 2 m= _ 2 m=
(E%) =57 =0 s MY 5t = (g g H -2

2j+1 2j +1 0,3p
<EZ>=(g'/JB.H)2.f-(/3+(213_-£21/)+1):(g.ﬂ5.H)z @
expresia caldurii specifice pe particula, pentru materialul paramagnetic
_ -G+ (9 us) H* 0,2p
3 kg T?
TOTAL Problema a I11-a 10p
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