CHOLET Cyriaque

ELECTRONIQUE I

Exercice 1

dv du

U
2

2. v(t) (14et7)

2
3. AE:%

Exercice 2

d?s ds
R+1r

2RrC < o

Exercice 3

2.

1
C=5104Fet L= ——=1mH
Cuwg

Exercice 4

1. Filtre passe-haut

Lwj ds de
2. H(jw) = — g _pd
Hiw)= o7 7 T~ @

3. s(t) = Ege /7

d
4. R>>Lw:>s:7'—e

dt
Exercice 5
1
1. a H(w)= ——m—
a- H(jw) = 1 pass

b- Filtre passe-bas

EVLV:
c- fC:0,16Hz:>v:%cosgo

2. cos¢p = Ve = ¢~ 1,26 rad

Va Vi
Exercice 6
1
1. Hjw)= ——————
7(1](4}) 1— 22 + ]Qol’

Exercice 7

4 4 1 . . . 8Q
1. a s(t) ~ —sin(wot)+ —— X ——=sin(3wot—y3) = S sin(wpt)+S3 sin(3wot—¢3) avec p3 = 3

s

3T 1 S0 2
"\
b- U:\/SQ—FSQ:U:éx 1+;
L3 T 9 + 64Q2

- Q=286
2. U=0,45V
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Exercice 8

2
L R — R1+\/R12+4R1R2 ot — 1+2\/5

2. R, =R

Exercice 9

. B
H I e
2 = a3 1 2
Exercice 10
dy 1
1. =~ —
dt T

Ty 1 1
2. Hjw) = — X ——— ~ — ] .
H(jw) 27 tan(mfTy) jwT orsque f < fu

Exercice 11
2R1R> + R1R3 + RyR3
R+ Ry + 2R3

Exercice 12

2. Téeq =

4F
s(t) ~ 3 sin(3wot + ) = 4,2 x sin(3,12.10* x t + ¢)
o
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Exercice 1

H(jw)

Saturation a haute fréquence.

Exercice 2

Hjw) =

Exercice 3

1. H(jw

ELECTRONIQUE I

ELECTRONIQUE - ALI

de

—jwr => s =—T17—.

dit

Zy+2, 2y 7
Zg Zs} + Z4 Z2

_R1+R2X 1 1
R 1+ RCwj

)

2. Voo = Vig et v = 2 arctan(RCw)

Exegcice 4

1= =

Exercice 5

R

1. e=—Ri

Exercice 6

1.

a-

b-

a-

C-

&_FT_R%_’_LG—O
dt? L dt LC

Tension sinusoidale pour » = R

H(jw) = Row et e = _B s
SV T T 3RCW) + (RCw))? " Ri+Rs
Ry

wWo RO el « R1
Tension sinusoidale si Ry = 2R
s(t) = € cos(wot)

€ . ow
S = m(XgeXIt—XleXZt) ou X1,2: 20
s(t) ~ g e=ot/2 cos(wpt)

Rl ‘/sat
et — -t Vsat

R+ Ry
d?et det )

+

W‘F?)UJOE—FW()@ =0
et = Ae’it + BeX2l ou X0 = —% + :i:woz\/g
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Exercice 7

Rl‘/;at
1. Vp =
0 o
1
. %:—7801\17':]%0
dt T

Vsa
3. a et)=Vy— Ttxt
b- En B : s bascule de +Vut & —Viat

Vaa
c- 62(t>=—%+ TtX(t—Tl)

d- En A : s bascule de — Vg, a +Viat
4Ry

4 b T=22 4 Ro
Ry |

Exercice 8

L p_ Bi—2Rs Ry 1

3R, YT R —2R, "V T3
2. Ry = 5R,

Exercice 9

1
1. a s=-— - ¢ = Circuit intégrateur ou passe-bas.
RyCuwj
1 1 1 1
b— Y = —_—=a — — —
“TZ R R RoRiCuj
1 1 R 1
2. a Y=o+ -

Ro "R T RoRs | RoRyCusj

1 1 R3
b_ L = ] — —_— =
ROR1C S1 RO + Rl R2R4

c- L=10H
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Exercice 1

ELECTROSTATIQUE I

Lol bE COULOMB ET LIGNES DE CHAMP

Exercice 1

1. Réponse c
2. Réponse d
3. Réponses b et d

Exercice 2

13 /2
qB——qAx<8) —92,2 uC

Exercice 3

1. E(0)=0

o

2. E(O) = 8_?0u

Exercice 4

1. C = ma®
2. Q=ex[1—"Texp(—6)] ~0,98¢

Exercice 5

E = —20-?0 (Sinog - Sinol) éz

Exercice 6

q /
1. ¢ = — (cos — COs
¢ 280( ©o ®0)
2a

va? + c?
< 2a 1)
c- o = arccos | ——— —
va? + c?

2. b- K=-

THEOREME DE GAUSS ET CALCULS DE POTENTIELS

1. Réponse b
Réponse a
Réponse ¢

Réponse ¢

CU W

Réponse a

Exercice 2

———
d’OM -

o $OM Q@ &Fi_g
dt? dmegmR3

Exercice 3 -

1
EOTQZ—/ plu)du = p =
€0 Jo A

Exercice 4

V(0)=2E x R
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Exercice 6

1. E= ot
Eor

Exercice 8

Q
V(M) =
(M) Amegr
Exercice 10
= go
2. F=—1u,
360 Y

Exercice 11

1 d72 _ 2npq

i
e (rvV) = - sinh (kT) = V(r)

Exercice 12

oy =28
€0

Exercice 13

At Ghuy

1. glz— 9 Uy

CAPACITE ET ENERGIE

Exercice 1

| Fo @ i,
2mweplr

Q Ry
2. — = | —
Vl V2 27TE()€ . R1

Exercice 2

1. Réponses a et ¢
2. Réponses a et d
3. Réponse ¢

4. Réponse d

Exercice 3

—eln?2

=684 kJ.mol !
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Exercice 1

Exercice 2

Exercice 3

Exercice 4

4degrs

DIPOLES ELECTROSTATIQUES

_ P
4megr?

_ P 2cos 0
4meg 73

3. ¢p =0

P Ly—v,=0

A\ 47T€0E
2. E, =3E et Ep =0

2cosf
47raor3 sin 0

F

pq>0:>6?cq—7r
pg <0=0q=0

P2 (sin ) sinfy — 2 cos 6y cosbs)

bg | —m/2 | 0O | =/2 | =«

Exercice 5
p=A4regR3E = a E

Exercice 6

Exercice 8

Exercice 9

équilibre ‘ instable ‘ stable ‘ instable ‘ stable

—

1. Equilibres en 7 = 0 et en r — oo.
e? o 2
2. > —— (R?—
vo 4megR3 ( o)

4regR3E,
3.8 r>R:rg= c (instable) et sir < R : 1o = ST 0 o = 4nRP (stable).
471'60E0 e

Exercice 7

ga®

- (1 — 3 cos?0)

3pip2 7 3pip2
— t fo = €
2megrt 2megrd
3pip3 kT

4
4m2ed 7

A
= 2—R x z (22 + R?)73/2

R
V2

€0
et z9 = —E
V2
8Ap
35/2eomR3
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MAGNETOSTATIQUE I

THEOREME D’ AMPERE

Exercice 1

a —
lyl < 9 = B = poJoye:

> a B* Jo(l N
Yy 5 = = //40762
Joa

a —
y<_§‘:>B:_M07€Z

Exercice 2

pol
B =
o r< R = QﬂR%T
I
e R, <r<Ry= B="H"
2mr
pol R%_TQ

R R- B = g =17
thesrsfE 2717‘XR§—R§

er>R3=B=0

Exercice 3

Iint(r) =27 /T ](U)Udu = J(T < (1) = % (a a,2>

=0

Exercice 4

Réponse a

Exercice 5

= 1
1. B= &ﬁa
2ma

I L
2. a B= HoZ arctan ()
2 r

wol 1
b- B=522 x =
2 x L

Exercice 6

1. B’ = B(T7Z) é’e

I &y a Dintérieur de la bobine et B = 0 a I'extérieur.

5 N
2. B(M) = £

2rr

N2
3. L:“O2 hm(“)

71' 71

Exercice 7

5 js Sina i 3 . Rcosa
Bint(r < R) = p19 js sina @i, et Bext(r > R) = g Js o

Exercice 8

1. 7= pwrsinbfé,

2
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DIPOLES MAGNETIQUE

Exercice 1

1.T= 1abBg sin 0 i,
2. M = iabS# = [ = iabSBy sinf i,

Exercice 2

1. M = pgns cos@
d(bm/S

dt
3. e = ponmw sin(wt)

2. e=—

Exercice 3

1. B=

0 mq cosf
wom | et my = ( L )
43

2. Equilibre stable pour 6 = —g

2
3. F, = 73H0m

4zt

Exercice 4

dr 2cosg0dg0

1. -
r sin ¢
3 cos? 1
5. B By x V3OO HL L pomr
sin ¢ 4mry

4. B nin = By pourgo:ig
7. a- g =0
By,
b- d—&—gsinazo
J
J
mBh

c- T9g =27

_ -
avec p = —
1+p? =0

e B, =243105T

d- Bp = B x

Exercice 5

oV 3ugm
1. Bp=—— = ——+—
or 2mr3

2. 7 =170+/sin @ |cos 0]

Exercice 6

X (3cos’0 —1) et By = —— —

r 00  2mr

10V 3ugm

3

X 2 sin@ cos 6

= €CL2

2. Mouvement de précession de vitesse angulaire Q, =

Exercice 7

5e

6M

By

p=tom K
2 (R? + d2)3/2



CHOLET Cyriaque

ELECTROMAGNETISME I

EQUATIONS DE MAXWELL - INDUCTION

Exercice 1

1Ba?
L M=% g
2
Bad?w
3. e= 5
dw IBa? dl Bad?w
4, J— 4+ w=1I,, — —— et L — I=F
Jdt + \w 5 e dt+R +
d*1 dr B2a* a’B
5 LJ— JR+ ML) — AR I= T, +\E
a TURT )dt+< * 4) g im T
2 2
6. [:aiB
B2a* + 4)\R
Exercice 2
IB
1. sing, = 22
mg
2a
2. Th =2 _—
0 i 3g cos b,
Exercice 3
Loo=uv (1—et/7) o7 = 18
.U—U(](—e )OUT—W

1 2
gJoule = imv()

2. Wext = mU(Q) = Wext = 5Joule + Agc

Lo,
A€, = 5MV5
Exercice 4
a px a pa
FE < )=—¢etFElxz>=-)=-—
(o] < §) =22 et Bz > §) = 2%
Exercice 5
S?2B?2
T,) = 0 % (w—
(L) = 220 x (w - wo)
Exercice 6
d 1
1. d—:—i—;v:Oév:Voe_t/T
1
2. Agc = —5 mV02
Exercice 7
39
1. =/ =
wo 2a
1 . a'B? . mga
2. ~ma?6 0 6=0
3ma + iR + 9

Exercice 8

I

1 - iy
= (ij—i-R—FLwJ i+ Mwjiy

0= Muwji; + (Lowj + Ro) iy
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Exercice 9

1. f=—ilBi. = mi+hi+kz=F—ilB

2. L%—FRZ#—@—E—FMB
3 U:}mv2+fk22+fL12+£
2 2 2 2C
4. E+vlB=Ziet F —ilB=(v
5. v= _@i:_ifBE
- g’ Z(+ (2B
{B
6-1= W

Exercice 10

—

2. divE = 5ﬁ (Maxwell-Gauss) et E = —grad V car rot B =0 (Maxwell-Faraday)
0

ov
3. B, =——=—fg; ——ffg E,=0
or

3 1
4. Equation de Laplace : AV =0= flg+rf"g+ - fg" =0

A S WA
5.T><(f+rf> p K

n? 0
6. g(O):O:g(Qw)éKZI>0:>g(9):G0 sin<2>
7. 4rf’+4r2f”—f:0:>f:a\/77+}iV(r,@):VO+A\/FSin<Z)

Exercice 11

1. Fyy = —I{B i, = Mo(F) = OG A Fyy = RIIB @,
2. RI!/B = mgR’
3. B=19,6.10"3 T

Exercice 12

1. divE=0etdivB =0

1
2. ff==xg
T
1
b o=
1
4. f"—k2f=0avec k= —— = f(2) = Epe **

Jer

_, R E
5. E(M7 t) =FE e k= eft/‘r é, et B(M, t) _ *7067]% eft/-r 5@;
C

Exercice 13

1. Jo = —eN
a*v plx) 1
2. = I — = —— . — 2 =
Jo = p(x) v(x); P = 2 mv? = eV (x)
v C Jo
3 d.’1,‘2 W OUC—-* 276
4
4. B=-22 %:—2,3.10 S
9 m
5 2
.n=z
3

2 3L
6. vf = /= = 6.10° msLet T = 2= =510 s
m vf
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Exercice 14
= 2Vh n owi (MTEN _pry/a
Viwy) =D 22 1= (=1 sin (20 ) e
n=1

Exercice 15

1 6g=—d0 = 7= -2 ¢

drr2 "
dp
2. divyi=0= — =0
ivj 5
= Q+q .
3. E(r,t) =
(r:?) 4megr? er

Exercice 16

_ Hgp

_ —t/T N o
Loo(t)=ve(l—e ") onr= gzt =y =7
Pp = mgv
= mv? dé&.
2. Zéc :m) /dTU = q + Py =Py = v = g7 en régime stationnaire
a "
Exercice 17
polp pol
1. B = t B(p>a) = ———
(p<a)= 528 et B(p>a)= £

o NI’ - o
2. a B(MeS) =g et B(M¢gS)=0

2mp’
MoNb[/ C—|—b /J/QNb C+b
b- /: 1 leil
¢ 27 . c—b = 27 . c—b
5 @ Nuolby (et by o Nuoby (etd
27 c—b 27 c—b
Nb b
4 psje=MI' = M =12 (CF
2T c—b
Exercice 18
d?i d*w) d
1. wl—i—wgzcte:wo;d—t;—i—§22i:0; d;Q—i—ng’Q:Ooﬁw’Q:%
wo 3
2. wz(t):?og—é[l—cos(flt)] et w) = wp — wa
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CONDUCTEURS OHMIQUES

Exercice 1

1 sR= - 92

o a2z2
1 a+b
2. R= 1
2moa n(ab)

Exercice 2

B 7r
~ao In(rg/ry)

Exercice 3

B
3. Ep = % sin(wt)

4P - ow? B3LS?

come 167
P7n,

5. P = N

6. P, =P,

Exercice 4

B,
1. o 7= 2770 sin(wt) &
BQ 2
o P(r) = (Py(r,t)) = 220 ;2
— ocB2w?a?
P=(P _ 2o 7
d < (T»espace 16
B
2. ¢ By = % (a® — r?) sin(wt)
2
o q< =4,5 mm
dw oo
Exercice 5
IB
2. a- VH = RH
b
1 Mcy _
b- Ry=-——=——S%=_73610"1 m3.C""
ne uNe

¢- Dans un semi-conducteur n est plus faible donc Ry est plus élevé.
3. b- tanfy =yBRpy

Exercice 6

- - 1
1. V(r)Vlerln(r) ﬁE:uxf
In(rq/r) 1 In(ro/r) 7
—XeE ) ne\
Ur = 153559 Jr = 5 T 559
. L 2 1 o232 \2 1 o232
2. eE+AU+edANB=0= e et te
— e?BE ) ne*BE
V0T TN L 22 10T 2 22
2 _ 2, .2p2
3.I=&x2whxﬁ _AM+eB In(ry/r1)
A2 4+ e2B2? In(ry/r) ne\ 2mh
e?B?

=7,9.10"" et Ry = 112 Q

e=—3 =
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Exercice 7

= Q) +q. 5 ~
1Bt = 2V T e o B(M,t) =0
(M) 4megr? e et B( )
2. —% - %Q = Q) = _%e—fﬁ et Q(t) = Que /" on T = %‘)

2

3. Ejoule = % pour t € [0; 00]

Exercice 8

1
1. :7j = —
T = %2 7P T Ta2w
= P r
2 Bry=Lrit,=—7
(r) 2¢e0 r 2maveg "
5 Mol pol ==
3. B= =" 4, NAOM
oma2 | 0T opaz
4. divE:ﬁet divB =0
€o
o. Qﬁzuoj’;divﬁzﬁ;j’:pﬁ

€0
_q(l—ﬂ2)ﬁéﬁ{

. élargit les faisceaux si ¢ > 0
F
7 F,~F.=F~0

rétrécit les faisceaux si ¢ < 0

14
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ELECTROMAGNETISME I

ENERGIE ELECTROMAGNETIQUE

Exercice 1

1. Bint(r) = Bint(()) et cht(r) = cht (7'/)V(T, 7'/) > R
3. Bint = ,[L()TLZ

4. A= % = pon?rR?

Exercice 2

1. Quand ¢ augmente, @1 diminue et Q2 augmente, jusqu’a ce que Q100 = 0 et Qoo = Q

= OE - - OE -
4. r_0t>B=uof+uoEo§=0=>aE+soa =0
d. E(?”, t) = E(Tv 0) eit/T = E[)(T) eit/‘r ou E()(’I’) = 7Q et T = Ej
4egr? o
6. diVE:£:>p:0
€o
Q
7. E(r<r1):06tE(r>r2):W
5P oQ? Q? 1 1
8. ﬁ:7:7—2t/7':>w: - =
p(r?) dr  (4meg)?rt ¢ 77 8meg \r1 1o
Q? Q?
9. Wy = et Wi = . Il s’ensuit que : Wy = W; + W,
8meqgry 8megra
Exercice 3
- dF E2
L. B= MOT%E% =& 250777“2/170
2. gmag =&

Exercice 4

k ~

1. I=—" [E3, cos?(kz —wt+ ¢1) + Eg, cos®(kz — wt + ©2)] .
How
kS  E3, +E}
2. (py = 5 For T Eoy
How 2
- - kS
3.8-%{1‘[}: E2 4+ E?
2;”'0"‘}( Oz + Oy)
Exercice 5
B
1. By= Yo t/m« Bysi L < 1
2T T
- B2r B2ra?¢
2. Il = 0 o2/ _’r =& raverse — 0 1-— -2t/ t Ein érieur (T = 0) = gin érieur (T & raverse
QTuoe 2 t 2o (1-e ) e t ( ) t (t) + &

Exercice 6

— Ho I(Z) iwt
1. Bg = We
I'(z)
2mwegriw
3. I"+ kI =0= 1 = Iye *F* 4 I, ik

—1I2 ) I3 11
—_— t—kz)u, = = - ==
(27r)2e0c? cos”(w 2L (P) drege \a b

iwt

2. B, =

4. T =

15
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ONDES PLANES PROGRESSIVES SINUSOIDALES

Exercice 1

L1 92E
1. A — — —— =0
c2 Ot?

2. a- w=kc
b- ¢= —ci,

c- Polarisation rectiligne

k T Eg 2 S
e- Bz = — EO COS(wt + kx) et H = ——— COS (wt + kx) Uy
w

HoC
£ é — _@ ei(wt+k1) i,
- c
EZ?S
_ (P = 02
g (P) Spi0c

Exercice 2

2 E
Eo =4/ ’fs?cp — 86,8 kV.am ! et By = =2 =2,9.10°4 T
C

Exercice 3

1. o E, = Ej cos(yky) cos¢ ot ¢ =wt — kg

ky E k. E
e B, = 20 sin(y ky) sin¢ et By, = — % cos(y ky) cos ¢
w
E2k E2k
2. II, = 0% cos?(yk,) cos? ¢ et T, = —2Y sin(2y k, ) sin(2
10w (y y) ¢ Yy Apiow (2y y) (29)
c
3. =
s cos
Exercice 4
1. Bg = Mz
r
— b2 00 4Ab%h b d&
2.H:—ﬂzﬁzz>¢>€: T coln|—) et po = —
g1 €0 a dt
Exercice 5
1 [df . kf .
1. By = — [ / e‘d’_”/Q—fEld’] ou ¢ = wt — kr
w | dr w
o f df sin(2¢) 5 . - k 9 -
2. R=— |—— k . R) = .
Low dr 2 Fkf cosm o i :< > 2w “
cte
3. = —
f(r) 7
- kA .
4. B~ i cos ¢ Uy
Exercice 6
ou 01
1. — =-A—
ox ot
01 ou
2. — =-T
ox ot
T
4. i =1/ = (f —
i A -9
5 gz =0.4) = flr=0,0) x =L oo = Ry/ L
glx =0,t) = f(x =0, " u o= A
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Exercice 7

1. Onde plane, polarisée circulairement se propageant selon
2. Onde plane, polarisée rectilignement, se propageant selon —,
3. Onde plane, polarisée elliptiquement, se propageant selon 1,

4. Onde plane, polarisée rectilignement, se propageant selon @ = (0, cos %, sin %)

Exercice 8

1. I = Iy cos? a (loi de Malus)

E? Ep
2. 1 =29 cos? a4+ —2 sin
2 2
A
3. ng >ny et (ng —ny)c= ZO

4. B, = Ey, cos(wt’) et Ej = Ep, cos(wt') avec wt' = wt — k,c

Exercice 9

w (ng—n
Onde polarisée rectilignement ayant tourné d’un angle tan g = — <‘129> L.
c

Exercice 10

- E2 - E2
1 o1 = —L Fet pg =27
2p0c 2poc

—

- - - u . .
2. (b = Cbl + ¢2 + ﬁ X Fo1 - Eo1 <COS [(wl — u.)g)t + 9])
0
Les interférences (¢ # ¢1 + ¢2) apparaissent si Fo; - Fo2 # 0 et si wy = wa.

Exercice 11

0 .
E, = Ey cos(kz — wt) By = —e—sin(kz —wt)
B — B sin(k ; E ¢ oue==1
y = eBo sin(kz — wt) B, = — cos(kz — wt)
c
E2
0. T = 20 g,
Hoc
3. Ezﬁoei‘b;ﬁz%/\ﬁoew;ﬁ: e Eg ou ¢ =kz—wt
c o€

17
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ELECTROMAGNETISME I

PROPAGATION EN MILIEUX CONDUCTEURS

Exercice 1

“2 dw -
1. E = E i(wt—kz)
/w1 28w ¢

2. k(w) =ko+ ek’
3. E(z,t) = Ep sin. [(t — K'z) Aw]

1 dw
4. 'Ug = E = @
Exercice 2
. 92B _
1. AB — —— = woA\ B
HoEo 12 Ho
2. B = Bye " 4 Bl e*® avec k = /oA
2,2 Y
3. k2 == 7&) ch 01\1 We = -
c €0
Exercice 3
1 «(1-2%) = Ou
n-=n e =ne —
9:) " p)
d? 2
2. E:Eu:m—u:—ﬁu
<N de? €0

fp1 =9 MHz et fpy = 2,8.10'! Hz

Exercice 4

divE:ﬁ
360 t/ €o 19
1. = p= “YTourT=—=1510"
divi4 Lo TPTPC T OUT= 5
ot
J=7E
Jd /
2, — = —— 1
j 1oE S

3. jo = Joe %% cos(wt — %)
JO _ /5 JO _ /5 .

4. E, = —e ?/° cos¢p et By = ——e */°(sin¢ + cos ¢)
v ywo

2
5. e (u) = cofo e=22/0

4~2
Jg —2z/6
o (up) = 2721100202 e %/
(Unm)
-~ >1
(] <Ue> - >
J2abs
6. e <73J> — J077"
4
. <ﬁ> = }02 e 220, = (Py) = Jgab (Pe) =1
2925w i ¢ 2pov20w (Py)

18



CHOLET Cyriaque

Exercice 5

2 .oz P
o TR S b=
rot B = povE divB =0
o OE OE,
2. AE = — = AE, = et}
Moy ot Ko7y ot
3. a E,=E, el(kz—wt)
. 1 i
b k2 :,UO’Ywem/Z A ;rl
C- Ea: = EO e*Z/(s COS(Z/(S _ wt) — EO e—z/é COS¢
4. E, — 0
Ey _ £y . _2/5
5. By = 576 #/ (cos¢p —sing) et E, = Ege /8 cos ¢
w
- E?2 sin(2¢) ﬂ E? E2ab
= 20 o—22/8 24 _ z, <H> = D0 2[5 o _ o
6 000 e cos® ¢ 5 e, = o0 e €. et (Py) 21000
E2abd
T (Ps) = T2 = (P) = (P)
Exercice 6
2 2 c 22
Lk = % - % = Uy = e et vy = cm. Le milieu est dispersif.
1= a2w?
E kE
2. By = 820 eos (WZ) sing et B, = 220 in (W—Z) cos ¢ oll ¢ = kx — wt
W a w a
kE? E2
3 (M) = 4#020 3 (1) = 05 (u) = 4#0002 ; Ve = Vg

A A
4. B, = 2FE sin (%Z) cos(kx — wt) x cos <2w t— 2w

Exercice 7

dk
/ N ! _
—k xx) ou k = = Venv. = Vg.

V, =
B .
1 ’[JIZEEE-FL t’Uy :>K:_1€€Bt
m m
. q qB;
Oy = By e
, OB _ 0B . 0B . OE
. = 1€ et 1€ = 13
0z P 9z Mol THoEo Tay
B
3. wB:Q
m

polarisation circulaire gauche si e = +1

polarisation circulaire droite si e = —1
—cwp + y/wh + 4w?
b- Propagation si w > >

5. Polarisation rectiligne selon Oz.

19



CHOLET Cyriaque

Exercice 8

OE, - .
1. g B = eng (Ue1 — Tp1)
v, 2 S
2. me 8:1 =—eF1 = T~ eng Ve
2
ng e
3. w?= wg =2
Me€o
— — 80E§ , . 2 m A
4. T =0 et (u) = ——. Donc ’énergie électromagnétique reste confinée.

Exercice 9

I- Partie A

. . OF -
1. divE:ﬁ;HB:uonruoEOf;f:’yE
€0 ot

2. p(t) =poe /T o1 = S 7,1.107Y9 s
v
3. |24 ~ 441078 x f < 1
J
4. IFC)B‘ = ,uoj
II- Partie B
2
1. §= =10"2 m pour f =100 Hz et § = 2.10~* m pour f = 480 kHz.
HoYw
sinh | (1 +41) z
9 BO (1+) % Y iwt
= — 1 €
Ly tod b
cosh |(1+1) =
1)
B
3. A= 2
2bvpo

20
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Exercice 1

ELECTROMAGNETISME I

REFLEXION SUR UN CONDUCTEUR

!

k
1. B, = _f sin(wt — kz) et B, = K cos(wt — kx)
w w

2. f(y) = Ep sin(Ky) avec K =

KE
3. far = —2

Exercice 2

w2

g2

2

sin(wt — kx) et 0 =0

1. E(x=0)=E (x=1L)=0

2. EQZ—El et fn:nfl 01\1.](‘1:i

2L

nmwxr

3. a- E_=—2F,ie“ sin (—)

n

L
L L
c- zpngéAx:—

n
21
d- B, = ——e cos(kx)

2

. FE
4. o I = —L sin(2uwt) sin(2kx) €,
C

Ho

® Uy = 2E%eg [sin®(wt) sin®(kx) + cos?(wt) cos? (k)]

Exercice 3

7r
ky =ng —
1. Y = w=c,/k2+Ek2et E. = Eq sin(k,z) sin(kyy) cosd ott ¢ = wt — ¢
T V (
ky = ny o
kyE Eok,
2. B, = -2 sin(k,x) cos(kyy) sin¢ et B, = 922 cos(kypx) sin(kyy) sin ¢
w
50E2a3
3. gélcc = gmag = 12

Exercice 4

o(z,t) B,=0 ,
L E, (v,t)=0= E, (v,t) = - et{ByZO = B, (z,t) = po js(z, t)
2 U, = T abda: U, = M0 2abde: T — eg @i A = g
. 6_280 3 m_QJS ) _Ob7 _M(]a
3. 97 ey Y o U D0
“or . M S ar T T o

I, .
4. B, = MO0 Giwi—ke) ot B —

Ik .
0 el(wt—ka:)

- a =Y aweg
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Exercice 5

Eiz _ EO ei(wtka) Erw — _EO ei(thrkz) Ew — —2iE0 eiwt sm(k:z)
1. ) et et

Eiy = By el(wi—kz Ery = —iE el(witkz) Ey = 2F elwt sin(kz)
B. = —%ei(“’t_kz) B — _@ei(wt—!—kz) B = _ 21EWO eiwt COS(kZ)
2 o ¢ et d ¢ ot & c
' Ey | Eo | 2E,
Eiy = ?Oel(wtsz) Bry _ 7el(thrkz) Ey _ 7elwt cos(kz)

3. R=10; ue = 260 B2 sin?(k2) ; tm = 260 B2 c0s2(kz); 4 = U + e = 260 L2

2F 2F
4 jsy = _== sin(wt) et jsz = == cos(wt)
! Ho¢ HocC

Exercice 6

0’°E 1 0°E
52 @ gp ~ Vet BE=04)=E(z=L1#)=0

2. fn(2) = Fy, sin (%) avec w, = nme

L
I _ OOE . /nTz \E _4E0 . /nma\ . [nmw a
6. E(z,t) = Z on cos(wpt) sin (T) ot oy, = —— sin (T) sin {f (20 + 5)}

n=1

Exercice 7

k sin «
. E cosar) RN =
LB =20 0 |eou¢g=k -OM—wtet k= 0
sin a —k cosa
. 0 = E cos « . . k sin «
E.=|—-Ep ei(z’;BT:—O 0 e on ¢ =k, - OM — wt avec k, = 0
0 ¢ —sina k cos «
2F
2. 0=0et js = 20 cosa x cos(k sinavx — wt) i,
Hoc€
Exercice 8
1. p(t) =poe t/" o7 = 01018 s
4 OE - 0B .
2. AFE = — =0et AB= — =0
Moy ot € Moy ot
1+1 2
L
4 HoYw
k—(1+i 2
4o po BEAEDO s
E+(1+1)/0 E+(1+1)/0
b- Conducteur parfait = r=—1ett =0
Exercice 9
. By cosiq . . —B,. cosiy ‘ B; cosis
1. B, = —¢ | Bysiniy | ; E, = — ¢l¢r B, sini; | ; E;, = — &% | B, sinis
ni 0 ni 0 na 0

9. B, =rByet B, =2 B,
nq

. n2
3. tani, = —
ni
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RAYONNEMENT DIPOLAIRE

Exercice 1

A- Modéle de I’électron élastiquement lié

3e
1. a- N) =
a p( ) 4770/3
- e ==
b E=—°
4dmega’
- e ==
- B =— PN
R e drega’d
2. a md2O—N}—— ¢’ ID—J\>7e‘cM@—i
' 42 dwegad dt2 7 dwegad
4’R 11 e?
b S (L) _© PN
de? <M * m) drega®
_mxM ¢ — €2
< M_m—&—Me wo = 4ega’d

d- wy=1,5.10" rad.s~* (UV)

B- Polarisation de ’atome
e —Tw
et siny =
u\/(wS — w?)2 4 2?2 \/(wg — w?)2 22

2. alw) =

Exercice 2

A- Onde électromagnétique rayonnée par ’atome

2. a [B]= [“OI] = [p0] C.s™ m !

2rr
b B _ Mo sin 0 3t f) ot By — Mo sin 0 ( f)
T drre # c o= Arr c
2 a2
. toe” sin” 6 2 o o
3. <Il >= < > e,
16 m2¢ 12 (@) €

B- Amortissement des oscillations par rayonnement
2

—e* T
1. F=—
6megc3
2 e?
2. i4twifr———=17 =0
T 6megucd
R
6meguc?

e ['=3,70.10" s~1

Exercice 3

w4

3. P=—
24meyc?
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Exercice 4

0 0
2 2
1.32—% sin ¢ etE:w cosfcosp | ol p=wt' —p=wt —kr—¢
e —cosf cos ¢ o sin ¢
5 p How'ps
6mc
2 4 1/3
e o€
3. Em=— tr=|af - —5—
m 8meqge ar 0 4m2eqcm?
A2 2.3
4o 7= TR ED _ g 30071 s
o€
Exercice 5
. : I ej(wtfkr) . ikl ej(wtfkr)
1. 5E:wisin9dzé’g ot 68 = ——— sinfldz e,
4 r 4dregc? r

2. a- NM=7r—zcosf = 6=2zcosl

cos (2 cos@)
_ cuoly x .
b B(M,1) = 2R h) — oL

T
cos (2 cos 9)
_ I
3. B(r,t) = —% sin(wt — kr) ———¢,

Tr sin 6 ks
) cos? <72T cos 9)
pocly
4. (II) =
(I 8mr? sin? 6
1,22 poc
L p=22==7g2
g 47 0
1,22 2P
6. RT—’M—73,2Qet[O—\/>—239,5A
2 RT
Exercice 6
5. Iy = qiw
, L B
6. £ = fgragV:>raE:0 7867
8 A= 2 pgget ot =t — =
47r c
— 1
10. rot e, = €y
oty r sin 6 ¢
12. <ﬁ> —q
P
14. Ey = 3P 2,1.1073 V.m™*
4dmeger?
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PROPAGATION DE LA LUMIERE

Exercice 1

1
17, = —
Te Av

c )\2
t L, =
Av, & T AN
Am = 550 nm et A\ = 150 nm
Uy = 5,45.1014 Hz; L. =210%m; 7. =710"15 s

Uy =4,66.10"* Hz; L, =32m; 7. =10 s

2. Lo=cXT1.=

ov o W

Exercice 2

1. (APA") = (AQA")V(P,Q)
2.0 = PQ X (ng Sinig — N1 Sinil)

3. 0 =0= nq sini; = ng siniy

Exercice 3

1. 6 =ABsina et ¢ = (SB) — (SA) = —AB sina

2. § = 2ne cosr:l:%

Exercice 4

| L—AH F+HA -}
— .
2. b AL = (HA' — HA)-d¥

Exercice 5

2 2
_|_
L. @g(M) — k( + )etgpd—go(A/)——k <p,+x2p/y)
2492 /1 1\ ) )
2. Api(w,y) = o +k = 5 13+17 ou o = cte = p(A) —p(A") +k(p+p')
k(22 + o2 1

3 Agaleny) = b+ T o = e

1 1 1
4, =4 - =_—

Y p f
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INTERFERENCES EN LUMIERE COHERENTE

Exercice 1
1. a- I= I() [1 + COS(/ﬂ(s())]

ax
b- §=—
D
c- 1=—c¢et _——
a p= Af
d- z4=2,2mm
AD —1)eD
2. i=—et Lcentre = u
a a
Exercice 2
1. Raie jaune avec Av = CV =1,5.10° Hz
1
2.7, =—-—=6,610""s= L. =c7.=0,20m
Av
4. 6=(n1—n2)e+%
5.1 =(ng—1)eenz =0
(1 —nq)eD

6. Tcentre =
a

A
8 ng=1+235x22=1+310"4
e

Exercice 3

1. Franges rectilignes.
d\

2. = —=2
2a

3. Frange sombre.

Exercice 4

1. Franges sur M.

2 2
2. =1, {1+Cos <I ;)}

3. Franges brillantes circulaires, de rayons r, =

vVnAR2 oun € N.

2
4. Défilement de Ty anneaux qui rentrent au centre.

Exercice 5

1. Franges circulaires.
nd sin 0

5 =0=5

2. Npax =
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CHOLET Cyriaque

Exercice 6

_AD+d)
Z—W—lmm

Exercice 7

1. 018" =OH =1met 8,5, = - SH = 2,4 mm
p

2. d=1,06 m

3. 15 franges brillantes espacées de ¢ = 0,23 mm.

Exercice 8

1. 5152 =10 cm

r2 1 1
2. 0~ —
2 <51H + SgH)

3. Pmax =

1
36.10-4N0 111 franges brillantes.

Exercice 9

I.A. La recherche d’exoplanétes

1. T =2Iy[1 + cos(kgd)]

3.C=1
Y
a
N . Dx
8. I =21 [1+4 cos(Ayp)] ot Ap =k (D sma—i—f) -7

9. Ot:0:>Ag0_k‘;i—7T:>I:210 {1—005(16?36”

kD
10 a=ap, = 1=2I {1+cos(fx>} =4lpenxz =0
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INTERFERENCES EN LUMIERE INCOHERENTE

Exercice 1

A3
= 50 AN =17,2 cm
Exercice 2
A =4z ! ! = 1,55.1073
=H=% | — - — a= . m
D D N X ,

Exercice 3
2
1. 1 =2I, {1 + cos <7r “xﬂ

C tanﬂ—i—i
) 7D57ACL

Exercice 4
1. T =1Iy [1+sin.(md Ao) cos(2woq d)]

2. 52&&\7«307162*

Exercice 5

ax
1.d=—
D

2Tvpax TV AT\ 2
9. I = Igv,, /7 |1 - ( )
oV, \/%{ +COS< D ) exp{ D ”

3.0 Sivy, —=0,C~1= 1= Iyvmy/7 [1+ cos(kod)] (équivaut & une lumiére monochromatique)

e Si v, > 1 (lumiére totalement incohérente), C ~ 0 = brouillage des franges.

Exercice 6

1]—ﬁ+LIO><—1 X COS kaXo cos @
T ox Xg 2 ka 2 D’ D
4X2 (D’)
1 X
2. C= 5 COS (k‘a 0)
D/
QkaX()
B D’
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INTERFERENCES A N ONDES

Exercice 1

2. 0, =—6
3. 2 sin <DZm) = @

a
4. Az =1,1 mm

Exercice 2

2. 0 =na sinf
3. a >~ X\ =400 nm; par exemple : ¢ = 3\ ~ 1,2 um
4. Sip=1,0~20"et sip=2, 6 ~40°

Exercice 3

L A
1. ap=2 ~ 10 pm
1
)\1 Qyp
2. I'=-———=11
AN 3 ,8 mm

Exercice 4

1. § =2a cosi
9. dntl _ 2 jp
QTL
JO I() 47’2

=——— - avec Jy = et m=-——53 =90
1+ m sin? ¢/2 vee o 2

i =2 " T iy

Exercice 5

A
1. sinf +sinf; = pA
a

91 = Q1 — 45° = —28,30
02 = Qg — 45" = 1,40
3. Ncp =~ 680 Mo et Npyp =~ 2,4 Go.

2. 0; =ig=45"et { = (a)op =1,2 pm et (a)pyp ~ 0,633 pm

Exercice 6

A A A
Pics secondaires en sin @ —sinf; = p — — —, de largeur —
a Pa Na
Exercice 7
1. a @ =koasind
be 5= g.elN-1¢/2 sin(Nyp/2)
T sins/?)
o I—1I sin(N/2)1?
O | sin(p/2)
e- I = I.x pour sinf = pA
a
2. a a(sinf —sinf;) = pA
A
b o~ 22
a
Dy, A
d- 2 sin () — P
2 a
) b
3. a- Aig= ?
di A
b- S _ P et — =pN

d\  2acosi, AX
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INTERFEROMETRE DE MICHELSON

Exercice 1

TANS 216
1. I =1 [1+cos( 2 ) cos (%)}

2. N = 2—‘; = 982 franges

Exercice 2

{=17,6 ym

Exercice 3

2 A
1L I=1I |14cos 25 x2aX )| et i = =
A 2

AN

2
3. I =2I {1 + cos <7r(5 X )\2) cos (;r 5)] = AX=0,6.10"% ym et \; = 0,5895 ym

Exercice 4

1. § =2ax + 2e
2. I=AAv {1+sinc (MSAV> cos <27r5 VO)] = Av =1 GHz

c c
1

:EZIO_gseth:i’)Ocm

3. T

Exercice 5

2,5\
1. e:@:o,nﬂm

A ,
2. n:1+2,52i:1+0,75.1(r3
e

Exercice 6

/\0:%:547nmetA)\:18nm

Exercice 7

A2 R? 4 R?
1o dorR? + M7 G (”e ) cos (”‘f _ W‘f)
e

Af2? A Af2
2
2. C = sin, (W;fR;)

Exercice 8

3o

I __
A= S

=1,8 um
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THERMODYNAMIQUE I

PREMIER PRINCIPE DE LA THERMODYNAMIQUE

Exercice 1
1. Wiy = RT, (po - 1)

i

2. Wise = RT} In (po>
Di

3. Wrev =~ irr

Exercice 2

T;
2 Ty == [1+(’yl)po}

Di

Exercice 3

1. P, ~ P, (1-?) et Py~ Py <1+zx>
0 0

2vsPy

meo

2. &+ z=0

Exercice 4

1. Détente adiabatique réversible

T1 Pl (v=1)/~
o | —)=|—
To Py

. W:”RTE <Tl—1> et AS =0
-

To
e 771 =398 Ket |W|=75801J
2. Deuxieme type de détente
b- To =639 K et |W|=4477J et AS =9,9 JK*

e [Wliey > [Winl

rév
Exercice 5

T; = Ty = 410 K (137°C)

Exercice 6

P, P,
1~ - T 1 —_— 1—7 = —
Wop = nRT [n(P1)+ PJ 835 J

nRT1 P1
2. = In{—)=6,8
m="F n(PQ) .

Exercice 7

4. Pour un gaz parfait :

0 (p o (V
_ 72 Py - _ 2 Vi _ _ A
(=125 (7)) =0=dU=Cy(@)dT  h=-T = <T>p 0= dH = C,(T)dT et C,—Cy = nR
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DEUXIEME PRINCIPE DE LA THERMODYNAMIQUE

Exercice 1

v+1
1. Ty = —— T,
f 2 0
_ nR vy+1 B nR
2. AS = o [’yln<27> +(vy-1 ln2] =0,06 x po—
Exercice 2
e AS=AS4c=nRn <p°> — 26,7 JK
b1
o S =nR {pl ~1-In (pl)] — 173 J K
Po Po
Exercice 3
p3 — D1 p1Vz — p3V1
la=B"PL g P77 P57
ST A T 4
9 W — (p3 —p1)2(V3 - 1)
3. ASis = ﬂ n <V3> et ASso3 = i In <p3> et AS3; = —(Aslz + ASQg)
y—1 Vi y—-1 P

Exercice 4

T
2. AS=Cln| =
S Cn(T)

0
3. S=5+CInT

oD (D
4. Sch[Tl 1 ln(Tlﬂ

5. Sa 20

Exercice 5

Ty +2T)3 1 T
AS =mcIn {(;7—;’172)} =mcIn [27f<T;>} oﬁf(x):x2+6x+12+%227

Exercice 6

Q=mAsxT =-396 kJ et W = 369 kJ.

Exercice 7
1. AUac = Qac =191 kJ et S, # 0 = la transformation est isséversible.

2. e Premier type (isotherme + adiabatique réversibles) :
Qg =ToAsac =49 kJ et Wi = AUac — Q4 = 142 kJ

e Deuxieme type (adiabatique + isotherme réversibles) :

Exercice 8
1. Tk:Toak
P 1—aoV 1 1 Py
2. = To In | — t = Ty (aV —1 —— + —— In| —
QN =nRTy n(Pz)x T © Wy =nRT) (« ) X 7_1+1_a n(P2

3. @ Qoo =Cp(ITn —Tp) = AH car P, tend vers P, (la transformation devient isobare) ;
o Woo =nR(Ty — Ty) et pour une transformation isobare : W = —pext (Vo — Vi) = nR (Ty — T¥).
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THERMODYNAMIQUE I

FLUIDE EN ECOULEMENT7 MACHINES THERMIQUES

Exercice 1

p=1—a'"7=0,46

Exercice 2

. ’U27’U2
1. a= Q=P+ D,, x 22 L — 144 kW

b- %f = % In (2) =823 JK ts et it = AA—f - ;i =340 JK st
2. a Ti=Ty+ M(JR_ D) [U%gv% + Dp} — 333K

b- it =D, M(f_l) In (%)7 (]]ZT)H] =361 JK ts!
Exercice 3
1. v = i =10"3 m®kg ' et Vg = f—]\i =1,7m3 kg !

2. a- Mélange liquide-vapeur
b- my=25,9g;myg=3,2¢g;2,=0,35; V; = 5,9.1073 L; Vy=25,4L

Exercice 4

L Dy (Ts = Te) + Dy, (Tg = T2) = 0
2. D (Ts = Te) + D, (T = T)) = =P

D, T.+ D! T!
3T =T, = Srot T mee _gC
m + Dm
D/
4. ¢ SiT! =T, =80°C:Ts =T, + D—’” (T! —T!) = —160°C (impossible!)
Dy, .
Exercice 5
RT
Lov=1r5=0,83 m3 kg ! et vy, = 0,80 m3.kg ™
2. dh = ¢, dT =0
1
3. ¢, =103 JK 'kg ety = —5 = L4
1—
cpM

Exercice 6

1. T, = -15°C

2. Eviter la glace.

Exercice 7

1. P =8 bar et m =4 kg et mpax = 25 kg
2. Tp =80°C

3. Eviter explosion.

4. x=0,5et T ~ —42°C
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Exercice Concours Central-Supélec

Qe
1. p=-—2
Q1. n W
Q2. = L.
T T oI,
Q3. 1=10,2

Q6. Pas de liquide
Q7. Augmentation de |¢.| = amélioration du COP
Q8. D,, =0,44 kgs™!

Q9. 7=25,5
Q1o0. Thréel = 37 8
dr 1 1 Do ce
11. —+—-T=—T,oul,= ———
Q dx + L. 0, ¢ ou be «

Q12. T=T.+(T; —T.)e /"%
Q14' Qf = D’rnl Ce (TSI - TEI) = Dml - 77 2 kg-sil

Dy,
Q15. DmO = TT:
T-T
Q16. L =N, le In °
4 \T1p-T.,

Q17. L=102m

Q18. Pour faciliter le remplacement des modules.

Exercice 8

Ty
= 1 _
n T

Exercice 9

0 Ty P S h v
état 1 | 212°C 1 20 | 6,28 | 2800 | 0,1
état 2 | —10°C | 0,80 | 0,5 | 6,28 | 2200 | 2

Exercice 10

1. Ty = /Tro Too
2. Wfourni = O(\/ Tl Y TQO)Q

Exercice 11

1. Ah:qurq:hg—hl

R P;
2.0=—In(=)=Pr >P pour le passage (T, Py) — (T, P)

M Py

R (Tg>” (132)1"Y YR T, —Th

3.o=——In|| = — — X

My —1) ) \ A MH-1 " 1

B B YR T, Ty — T} Si Ty > Ty le gaz se réchauffe (Th > T)

L Ph=h=o= M(y—1) [ln (T1> T © Si Ty < T le gaz se refroidit (Ty < T})

Exercice 12

2. P, = Dy, (hy — hy) = 122 kW

hl — h4 h3 - h5

3. n= =5,15¢et = = 0,059

g hg — h1 ’ o hl - h5 '
Exercice 13
2.n=1—-71 7

5
77\ 20-m T

3. == =546 = Npax =1 — 4/ =— = 0,38

Tm <T2> , TIma Ts
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THERMODYNAMIQUE I

CONDUCTION THERMIQUE

Exercice 1

ot  r2or Ry — R

WA (T26T>:T:T1+RIR2(TQ_TI)X<1_1)

Exercice 2

AR
T = Toxs + (T — Toxe) € */% avec § = oh
Exercice 3
2. T(x,t) = To + T} sin (@) e T ot T = pel”
. ) — 40 1 i3 - )\7_(_2
3. jo=—-\T1 % cos (%) e t/T
Exercice 4
T 2K Tiour = 33 cm
= _ = x/d — iaialt jour
T =Ty + 6y cos (wt 5) e*/? avec § i = { Tan = 6.3 cm
Exercice 5
1 io >0 dr <0
. a jo car ——
oT
TO(t)_Te
- T(z,t) = ———— T
C (Zv ) h(t) z+ 1o
2. a P =jogx§8
KT, + ahT,
b- To(t) = ————
o(t) K+ ah
c- Ty — T, pour h — oo
dm
3. a jo=L—
TRy
dm dh
b- — =p—
a M
dh
- Lpy—=a(Ty — Ty,
e Ly =a(l-Ta)

dh K dh K

— 4 ——=—(T.~T,) = h?>+0,1h 1,310 xt =0

@ T o ,LL( )= W40, ’ .

0,14 1/0,01 +4 x 1,3.10~7¢
2

=6,7 cm

Exercice 6

P =— X (Tmax — Ts) = 3.10° W.m™?
a
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Exercice 7

L 1) - mm( 2)

L RI’L
2. 'm: = Thax =T To + ——
T (rm) =To + 1KS
Exercice 8
I- Approche analytique
Ty —T;
2. T = %Hﬂ
3 T=T + Ll (Lz — 2?)
. a =T +55 Tr—
L SL?
b- zjy===T, =T+ — =450 K
x 5 = 1+ 3D 50
SIL‘2 T2 —T1 SL
4. a- T = Tl—i—a;v—ﬁoua 17 +E—200Km
D a’D
b- mm:%:0725 cm et Tm:T1+ﬁ:425K
Exercice 9
L j(z) =1 (e7/% —e~®/?%)
Iyo I
2. T=Ty+ % (1 —e_"'/(;) — Xoe_“/‘;x
T
3. Tp=Tew + 5 (L—e™/?)
Exercice 10
1. Ty = a1 T10 + an T
al + ag
9 T1 (x, t) = TO + (Tl() - To) erf(u) T o TlO + o TQO
. = 21710 T 42720
Tg(.]?, t) =Ty + (TQ — Tgo) erf(u) o1 + Qg
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RESISTANCE THERMIQUE

Exercice 1

T. — T
1. T(x) = L+
e
N + heT; . hA
2. T(e) = ﬁ et jin = e (T —To) = Run =

Exercice 2

or _xo (ot
ot r or T@r

T
1. uc%:divg:O

Ty — T
2. T(z) =Ty + 2L !
dTy AS
3. — =——F (T - T
dt L (M—1)
dT, A\S
4, — = — (T1 - T:
o T
T T Tyo — T L
5. Tho= 10; 20 4 102 2Oe_t/70ﬁT=§—S
Exercice 4
RiRs
1. a- =Adr K ——— (T1 — T
a- ¢ =dm R2_R1(1 2)
R Ry
b_ Rth_47TKR1R2
RiRs 1 1
3. a- T'=T1+—F+ (T - T -
& 1+R2—R1( ! 2) (’I“ R1>
. KR T — T
b jo(Re) = = x o —
2 2 — Ity
4 T‘O:TlR;h‘l-TQRth
R;h—FRth
Exercice 5
Ry, = 0,34 KW™! ¢
{R;hzl,mK.w—l =5 = 0%

Exercice 6

T1 - TO 1 1 T2 1
= uw R, =— |[—1 = R
¢th Rth ot Sieh 2l |:)\ . (7’1) + h7‘2:|

Exercice 7

1. T, =26,8C
T.G. +T; G+ ¢

2 a T, =
b G.+G

b- ¢ > 0V¢g mais ¢1 > 0 pour ¢g > heS (T; — T¢)
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MECANIQUE I

CHANGEMENT DE REFERENTIEL

Exercice 1

v =15 km/h

Exercice 2

. v,
1. sinf = =
v

h

2 _ 2
v? — V2

2. At =

Exercice 3

o > 60°

Exercice 4

M sina —m sin 3

T =g X

M 3m
2
Exercice 5
1
U/r = ~5UP/R
Exercice 6

1. 2=——g
m

d
2. vg/r, = 2v dans le référentiel R, de 'homme, et Phomme = a(Ec + Ep)

DYNAMIQUE EN REFERENTIEL NON GALILEEN

Exercice 1

9 é_mgCOSQ-i-k‘fo
"k —mw? sin?0
3. R=msinf x |g—€w2 cos@|

Exercice 2
1. z(t) = o cosh(wt)
2. R, = 2mw?z sinh(wt) et R, = myg

Exercice 3
2
1. Epe = —% 02

9 cosf, — Zkd+2mg
' ¢ 2kd + mdQ2

Exelézice 4 -
Agt in(2\
= 7(:02 gv _ 2 cm et y = —0? 781111(2 )

Exercice 5

gt* =107%m

3. p+2Bip+wip=0

z(t) = a cos(ft) cos(wyt) o
B { y(t) = —a sin(pt) cos(&ot) avec 3 = ) sin A
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Exercice 6

1/2
mo /

2h 1+MSIH «
g sin? « <1+>

Exercice 7
2

1. Ep=—mgl <c059 + % sin? 9)

2.

t1 =

=[3

n=1 = 6, =0 (équilibre indifférent); .o = 7 (équilibre instable)
n<1l = 6. =0 (équilibre stable); .o = 7 (équilibre instable)
n>1 = 0. =0 (équilibre instable); 6o = 7 (équilibre instable); f.3 = arccos(1/1?) (équilibre stable)

MECANIQUE DU SOLIDE

Exercice 1
1. Cercle de rayon L/2

1
2. tana > —

2f
Exercice 2
1. Pdissip = _fng

. g(m—fM)
S .
3.m>fxM
4 jé:g—m_fM
‘ M +m+1/R?

Exercice 3

T="Tye" =10 N

Exercice 4

figm

1. a1(t) = % +7,5 29 cos(wt)

2. X, = 6,5 %

3. g =-5,5 N‘(]]Cm cos(wt) — % = Xy = 4,5%

4. o z3(t) = L 3,5 rom cos(wt) = X3 = —2,5 %
o x4(t)=-1,5 pom cos(wt) — LGN X4=0,5 Hom

k
5. x(t) = e=“ot/2Q [A cos(wt) + B sin(wt]

Exercice 5

1. L:g(ﬂ—r)
2. v<3fg

Exercice 6

w(t):wo—2f%><

Exercice 7

P
> ~ 0,399
! w2 —2

Exercice 8

2 2
T=— [f + arctan (v—())] + il
w L2 aw Vo
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PHYSIQUE QUANTIQUE I

FONCTIONS D’ONDE

Exercice 1

A=,/=

a

Exercice 2
h2
1. —Q—mAn—i—Ep/f:Eﬁ

2

—e
2. E, =
P 47T€0R
3. k(0) = A cos(nd) + B sin(nd)
dmegh?
4. ¢ R=n2xag ol ag = —2 —0,5210"° m
me e
Fy me 2 \? 18
[ ] E:_ﬁ avec E1 :ﬁ (7750}1) :2, 18.10 J:13,6 eV

Exercice 3
1. a- 0P = [¢r,|° d7 avec dr = r2dr sin 0 d6 dp

T 27
b- 6P, = A2 I x e~ 27/%0p2 qr avec I = / / sin 6 df dy

6=0 J =0

- Fis=A%Io x r2e2r/ao
d- Fis(r = ap) est maximum.
2
2. e I[hy=B? x <27" — r) e=r/ao
ao
e Extremum pour r; = 0,76ag; re = 2a¢; r3 = 5,24 ag
e FhHe maximum pour r3 = 5,24 ag

Exercice 4

1. a- Forme de cloche centrée sur 0.
o
b- Az =—
T
hk
2. |1h(z,t)|* se propage & la vitesse —2
m

2
Ax(t) = T w1+ 2t = le paquet d’ondes s’étale.
2 mo?
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PARTICULES DANS DES POTENTIELS

Exercice 1

22
5 TR

B, =
" 2ma?

Exercice 2

2 ) 242
1. Yp(z,t) = \/7 sin (@) e 1Ent/h ol B, = n? h
a

a 2ma?

3. n+ 1 noeuds pour ’énergie F,,.
h

4. AE, augmente lorsque a diminue et (Eyi) = Py
ma

Exercice 3

A1 +B;1 =0
Al eika 4 Bl efika — A2 efa/(s

) ) A
ikAy ek — ik By etk = 77267(1/5

Exercice 4

2 2
Lors — ko3 Loz | 2 =0.

1. =
da? ’ dz?

Exercice 6
1. 1Z)inc. = Aei (E'Fim) ; ql)ref, =B ei (El'Fiwt) 5 ¢trans. = Cei (EQ'Ff“’t)
2mV0

3 e = —hy et 15, = 2 - 2

E ky —koy  C 2k,

4. YR
]C +k’2Te A k¢+k2t
— kg |2 dkpksy O
5 R=|— 2 et T=1—R= =
‘ k+k21 ¢ k2 k2, 7&|A|2
6. 0
1
7.

- /1-WJ/E

8. sinfly = n sinf
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PHYSIQUE QUANTIQUE I

ETATS NON STATIONNAIRES

Exercice 1

1. E1 = hwl et E2 = th
2. 1(x,t) = pi(a,t) et et Po(x,t) = pa(z) e w2
3. p1 = lp1(@)] et py = [a()]”

FEo — F
4. p(z,t) = [P, ) = |o1]* = |pol” +2r cos[(wo —wi)t + 0] = w= —— 1

Exercice 2

1. Y(z,t) = % [le(x)e—iElt/h + ¢a(2) efiE2t/h]
2. |¢” = % (63 + 03 + 20102 cos(wt)]
3. At="

w

Exercice 3

III.A - Conformations de la molécule d’ammoniac

2. kT =2,3.1073 eV <« Vp et Tyenit = 3000 K

II1.B- Inversion quantique de la molécule d’ammoniac

2. a- ¢(x) =0 partout ailleurs.

l()-‘r[ 9
o [ P =1

0

. [nm . 2 " n2mw2h?
3. a pan(r) = o sin {7 (x—!—xo)} ol o =4/ et Ef = o
2 . [nw n2m?h?
b- ¢pn(z) = \/; sin [7 (x — :z:o)} avec Ef =5
c- P=0
4. pa(z) = Asinlk (z + zo + 0)]
h2
e K= (Vo—E
5 a 5 Vo )
_ dec .\ dep
b- po(zy) = SOB(@"SF) et dr (zg) = @(wé)
1 sym —iEP™¢/h nti ,—iEsn"t
6. a- w(fﬂi):ﬁ [Soly eTIEYT/R y pantl o i t/h}
b [¢h1]? = [¢ho|?
e Y(z,t) = Le_iEft/h (03 (2) + () e IE/M] ot 7 = 2mh et f=2,38.101% Hz
’ \/§ 1 1 6E )
T 1 s "
d- P(z,to = 5) =5 [¢1(z) — ¥t (2)]

oFE ,
e- ff%etf ~ 0,56 x f
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Exercice 4

. nm . nm
sin | — | +sm | —

+oo ] 2 4 L
1. Ap = (unlp(z)) = [m uy (z) p(x)de = Apza = X — X ST 16 et Ay = ”372

50: 2 z in? m2h
2. w(l‘,t) = An Z sin (mr z) e_m wot ou Wo = W
n=1

3. Nouveau script :

N |

1 || from math importx*
2 || import matplotlib.pyplot as plt
3 || import matplotlib.animation as animation

5 || N,L,w0=20,1,1#Nombre d’harmoniques (N), largeur du puits (L), pulsation wO
6 || T=2*%pi/wO# Période associée & w0

s || #Dates des représentations graphiques P2,P3=12,2 t1=0 t2=T/P2 t3=T/P3

10 || def A(n):#Amplitude de chaque harmonique

11 if n==4:

12 return sqrt(L/32)

13 else:

14 return sqrt(L/2)*8/ (pix(n**2-16))*(sin(n*pi/2)+sin(n*pi/4))

16 || def psi2(x,t):#Densité de probabilité $P(x,t)=|psi(x,t)|"2$

17 Y=0

18 for n in range(1,N+1):

19 Y=Y+A(n)*sqrt (2/L) *sin(n*pi*x/L) *e** (=1 j*nx*2*w0*t)
20 return abs(Y)**2

21
22 || x=[i*L/1000 for i in range(1000)]#Intervalle de représentation de P(x,t)
23 || y1,y2,y3=[1,[]1, [J#Initialisation des listes de P(x,tl) ; P(x,t2) ; P(x,t3)
24 || for X in x:#Accroissement des 3 listes

25 y1.append(psi2(X,t1))
26 y2.append(psi2(X,t2))
27 y3.append(psi2(X,t3))

28
29 || #Représentations graphiques

30 || plt.plot(x,yl,"blue",label="t={:.3f}".format(t1))

31 || plt.plot(x,y2,"red",label="t=T/{}={:.3f}".format (P2,t2))
32 || plt.plot(x,y3,"green",label="t=T/{}={:.3f}".format (P3,t3))
33 || plt.ylim(0,1)

34 || plt.xlabel("distance, (m)")

35 || plt.legend(loc="upper right’)

36 || plt.show()

10

— 1=0.000
— t=T/12=0.524

— 1=T/2=3.142
0.8 1

0.6

0.4 4

0.2 4

r T T
0.0 0.2 0.4 0.6 0.8 1.0
distance (m)

0.0

43



CHOLET Cyriaque

PHYSIQUE STATISTIQUE I

STATIQUE DES FLUIDES

Exercice 1

N ~ 10 chevaux

Exercice 2
1. P=Pie®oua=11810"*m

47T7“3MQP0
2. F, = Myge ** — M M<My= —— =629k
oge g = < My SRT 629 kg
1 M,
3. zlaln(z\;>400m
1 20 M
4. =1 =
2= n(19M> 835 m
d&
5. —p:Mg—Moge_azzo
dz
7= 2" 1855
Vv ag

Exercice 3
1. P(z) = Py + pgz
2. F = ugRh? sin (%) Uy

Exercice 4
My
1. a = —==5,27
@ Ra ’
2. P~0,56 Py pour z = 4807 m

a—1

P\ PoM
3. = o Fo aveC/Ao:TTO

Exercice 5

1/3
B> (3m)
T
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DISTRIBUTIONS DISCRETES D’ETATS

Exercice 1

N
1. NLQ = 76_’651’2

—Be1 _ n—Pe2
2 Ny—Ny=N xS €

e—Be1 4 g—Be2
€
3. 0=—
kT
4. a- T<<9:>N12Net]\7220
N
b- T>>0§N1=N2:5
Ne
5. U:Ngl—‘rm

&

C _RXM: Cym — 0 lorsque T — 0
e (14 efe)? Cym — 0 lorsque T — 0o

N N
7. a- Ny =N, = 5= 3,01.10%3 et Ny — Ny = 5 X Be =1,16.10%°

b- Ny~ Net Ny~ Ne 386 ~ 107" d’ot Ny — Ny ~ N

Exercice 2

B Ae N (Ae)?

1

Z = 2e P2 [1 + cosh(f A¢)] = U = Ney — N Ac tanh <2> et C, = SRT?

Exercice 3

X
cosh? (B Ae/2)

N
1. N? = ?e*BSi et Z = Zefﬁgi

e—36hu/2
2. a 2= m
Bt 3) s (0 +2)
b- 7 — . B(n+32) hv n:(n—
;g e 2 ol g 5
3 3Nhv
3. U= iNhV—F N
) e,BhV
5 C’Um =3R (ﬂhl/) m et qum — 3R
o0 —3Bhv/2

6. © 7 = 673hu/2kT/ efﬁhundn = 7 = 673

SNhy . (5h2)

o Uy =" 4 3NET = Cyyn = 3R

Exercice 4

e:‘:ﬂeu
2. pt=—-—

eﬁEO + e*ﬁfo

e B0 _ Beo
3. <€k> = 50m = —€g X tanh(ﬂso)
4. (fiy) = po @ tanh(Beg)

_ Npg

(
5. <M> = Npug i tanh(Beg)
( :

M>’:C—oi10
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Exercice 1

1.

PHYSIQUE STATISTIQUE I

DISTRIBUTIONS CONTINUES D’ETATS

sin@dfdy e st

0P = 47 “ sinh a

avec a = Bueg

1 1
9 M=Np[— — =
M(tanh(a) a)

3.6 T—+0=M>~Npu

Exercice 2

kT .
Lz= S (1 — e Pm9%) x (2rmkT)3/?
A mg
N mg e Pmoz d’N
277 1Y Ty 3 _
2. a d°N= ST 71_e—ﬂmgzd r=n(z) = B
N —Bmgz q kT
b- 0N, .14, = kT;g 18_ e—Bngz indépendant de z si L < mig
c- m = ePmg(z1—22) ~ 1 — ﬁmg Az
n2
L
e "By g0
n(0)
S kT . N mg
. Z =22 (2rmkT)3/? = 2 ¢Pfmyz
3 smg(ﬂm )%/% = n(z) < %r ©
Nmg

4. pV = NET et p = pg e ™9%/kT ayec py = ——

Exercice 3

1.

2.

3

4.

Exercice 4

1.

2.

3.

S

rdr ePmw?r?/2
eﬁmuﬂHz/Q -1

ON(r,dr) = N x X Bmw?

2 2
2 efmwr /2

ar) — Nmw
il dr) = 5T H emerEE ]

D=0 eMw?r?/2RT

P(R)

— 2 =142210"2
P0) +2,

sin 6 d6
2

1 2
b- dP(p,0) = 7 e” 59 sin@ df ot Z = = sinh(x)

P =N (p) = Np x <ZT§E<(3 - i) x

a- PO, df) =

~  Np’E
Ilgr;oﬁ(x):letﬁ(x—>0)~§:>P~3]ZiTﬁz
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Exercice 5

1. Premiér modeéle

X x Svdt

<l=

1
b— NChOCS = 6 X n(s’r =

= o=
[\v]

c- ﬁ/S:pSﬁz oflngnmv

3
d- dU = Cy, dT avec Cyyy, = 5 R

2. Deuxiéme modele
2mu cost

a
vdt cosf S
\%4

- fv)= A=V 2KT 42

d- u? = (v?) = 471'/00 v? f(v)do
0

a- ﬁ1/s =

b- P(é7) =

“ < /S> =N <F1/S> - 5”"”‘25@ =p= gnmuz ol u? = <U2>

CHIMIE - REVISIONS I

Exercice 1

a m .
1. (f) - P a=100,4
COS B 2#0 (0%
2. a- p=20

1 .
b- cosa:§ = «a =109,5

Exercice 2

1. [H"] =2,72.107% mol - L™! = pH = 7,56
2. K, =2,24.10"20
3. §=2,24.10"% mol - L !

Exercice 3

e s=10"" mol- L' dans I’eau pure;
e s=10"? mol-L™! dans KCI:;
e s=4,1.10"% mol - L™! dans BaCl,.

Exercice 4

1
+7 _ _ -3 -1
1. [Ag ] = W = 27510 mol - L

1
2. Ag(NH3)s +2H" = Agt + 2NH] avec K° = = 10112

BKZ

a

3. [H"]=2,410" mol - L™' = pH = 8,6
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THERMODYNAMIQUE CHIMIQUE I

ENTHALPIE STANDARD DE REACTION

Exercice 1
AH? = —1862 J-mol™!

Exercice 2
1. A,HYys = —570,4 kJ -mol ™' et A,C,) = 63,6 J- K ' -mol "
2. A HY = —570,4.10° + 63,6 x (T — 25)

3. A HY = —478,8.10° — 19,8 x (T — 100)

Exercice 3
Erupture =4733 kJ - molfl 0 _ B 0 .
b { B = 5004 kJ-mol=! — Arflz = 4733 =5994 = 1261 = A, H7 = —1218 kJ - mol

2. AVH® = —1277,6 kJ - mol ™!

EFFETS THERMIQUES DES TRANSFORMATIONS

Exercice lA A
T, 1° At
AHO = =21 R

= kJ - mol™!
. X AT, 56,5 kJ-mo

Exercice 2
CO; =184+ [500 + 0,90] x 4,18 + 0,025 x 29,4 =2278 J- K~ ' -mol ' = A, H® = —185 kJ - mol !

Exercice 3
COp = 330,5 x ng = Ty = 1200 K

Exercice 4
1. Cgf =ng x 44,22 =Ty =6697 K

2. C9 =ng x 59,20 = Ty = 5078 K
3. C% =ny x 101,38 = Ty = 3089 K

Exercice 5

A HO = %2 +2RT = —790 kJ - mol™*
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POTENTIELS CHIMIQUES

Exercice 1
1. a G=ngp;+neu;
d- dG <0
e py =4y
2. b- Etat liquide car pu(Tp) < pu2(Tp)
- Ty =286 K =13C

0 0
/j‘s(,Ib) 1] (ﬂ]) _ 4,4108 Pa

d- p=PF
p o+ Vi— V.

Exercice 2

1. a p(T,p) = pd(T) + RT Ina; = n%(T) + RT In (;)
0
b- dG=-SdT+Vdp+ Y pidn;

¢ Apsp = RT In5=4000 J-mol
2. a :U’Zau(T) = /j’gau(T> + RI'lnl = Ap“;au =0

b- 112 (T, p2) = peau(T,p1) + V5 X (p2 — p1)

M
o Vi=—=1810"% gmol " = Ap’,, =7,2J mol "
p

Exercice 3
pe(To, p) = ps(To, p) = p = 40 Pa

Exercice 4

Lodpg =dpj = (Sha — Spp) AT = (Vo — Ving) dp
3. ApsV* = —1,63.107% m3.mol ™' = T = 272,41 K

ENTHALPIE LIBRE ET ENTROPIE STANDARD DE REACTION

Exercice 1

A,G = —2,9.10* J-mol™! = le systéme évolue dans le sens direct.

Exercice 2
A,G =—-1025J-mol™" = le systéme évolue dans le sens direct.

Exercice 3
1. a- 4NH35+4 50, =4NO +6H,0
b- 4NHj3 + 30, = 2N, + 6H,0
) { A H? = —908 kJ - mol . { AS% =181 J-K'-mol™!
"l ACHY = —1268 kJ - mol A8 =131J-K - mol™!
3. AGY = —1102 kJ -mol™* et A,GY = —1408 kJ - mol~*

Exercice 4

1. ASO = —7.7InT — 40,7 0,02 x T et A, H® = —495000 — 7,7T — 0,01 T2
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THERMODYNAMIQUE CHIMIQUE I

CONSTANTES D’EQUILIBRE

Exercice 1

K9 =9.10%
Exercice 2
1. K°=17364
9 acide alcool ester eau
"1 2,513 mol | 0,013 mol | 0,487 mol | 0,487 mol

Exercice 3

O52

1. KO = P _ 00624
1-— 012 P() ’
2. p=2,71 bar
3 COCly CcO Cly
"1 9,42.1073 mol | 5,72.107% mol | 1,05.10~2 mol
4. K°=210"°6

Exercice 4

1. AGYT)=9,85.10""T% — 1,54.107272% + 31,27 InT — 38200 — 100,4T = K° = 6,52

2.0,47a% — 18,94 +8,47=0= a = 0,68

Exercice 5

1. CI‘203 +3H2 = 2CI‘+ 3H20
2. AGO(T) = 414,3.10% — 140,7 x T = K3y, = 1,7.10747

3. KV = 2.107 11 et my, = 14,6 tonnes

OPTIMISATION DES PROCEDES CHIMIQUES

Exercice 1

1. Réaction exothermique = Sens inverse
2. K%, =17,3.10%

Exercice 2

1. Déplacement dans le sens direct.
2. 4,750 —-9,5p+3,75=0=p=0,54

Exercice 3

Déplacement de 1’équilibre dans le sens direct.

Exercice 4

1. a- Augmenter la température.
b- Limiter la taille de I'installation.

2. cas a, b, d : déplacement dans le sens direct et rien dans le cas c.

Exercice 5

2. Déplacement dans le sens direct.
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EQUILIBRES CHIMIQUES

Exercice 1

2
P
1. KO = <1 _aa> —64= A,G° = —22.5 k] -mol !

2. Pas d’influence.

Exercice 2

1. Déplacement dans le sens direct si 1 < 0,5, sinon déplacement dans le sens inverse.

2. Déplacement dans le sens inverse.

Exercice 3

al2-—a) P
1K) = " 2 ="~
Pl-a? oy
3. KY=0,29=1,290%—-2,580+0,29 =0 = a =0,12
4. Déplacement dans le sens inverse.

5. Déplacement dans le sens direct.

Exercice 4

L[ K =10M9 AT = 213 K
"1 K9=101326 3 T, =323 K

2. K° = 5,09.10'% = pH = 6, 85

Exercice 5

= réaction exothermique avec A, H® = —56,7 kJ - mol !

2

« 1

LK) =|——| =—~1,56.10"2
! {2(1—04)] g1 = 126010

NH3 HI H, I
0,50 bar | 0,40 bar | 0,05 bar | 0,05 bar

2.

Exercice 6

1 CuBr, CuBr Br,
[ 17,4103 mol | 2,6.1073 mol | 1,3.10~3 mol
2. .
TN, b
5,2.10% Pa

%U: 0,005 mol}----wmmmmres ;
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CINETIQUE ELECTROCHIMIQUE I

COURBES COURANT-POTENTIEL

Exercice 3

2. I=0pour 0,10 V

Exercice 4

2. 2105 +12H" +10e” =L, +6Ha0 et I, +2e~ =21~

Exercice 6

1. A l'anode : Cu —» Cu?" +2e™ et & la cathode : Cu®t +2e~ — Cu
2. 1m,=0,1Vetn=-0,4V

Exercice 7

1. Casa:2H,0 — Oy +4H" +4e et casb: 2C17 — Cly + +2e~
2. 1m,=0,52Vetn=0,1V

Exercice 8

Us—-Uy

K,=C?x10700 =1,3.10"13

LA CORROSION

Exercice 1

1. 2H' + Mg = Mg®" + Hy = K% = 107

Exercice 3

2. B= 236V

3. K, =101
2m F
6. At="—"
MI
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PILES ET ELECTROLYSES

Exercice 1

3. Q=2Fny=1930C=0,54 Ah

Exercice 2

1. e A I’anode : C1I7 — Cly et HoO — Oy
e A la cathode : H — — Hy et Sn?" — Sn

Exercice 3

A- Etude prélimiraire
1. A Tanode : 2C1~ — Cly +2e~ et 2Hy0 — Oy +4H" + 4e™
2. 2H,0 = Oy + 2H, avec K0 = 1082

B- Procédé a cellule & membrane

3. 201" +2H,0 — Cly + Hy + 2HO™
5. U=29V

Exercice 4

1. Pt|Ho/H', SO [|[H',SO3™ |0, |Pt
2. a- e= EY+0,03 log(pu,\/P0,)

c- e=1,24V
d- eg=1,23V
3. ¢ 2Hy + Oy =2H,0 avec A,G® = —4F ¢y = —475 kJ - mol ™!
deg  AH°—AG° .
d = ="~ — _84107* VK
dT nFT ’
Exercice 5
MCu A777/Z1[1
1. Ngn = =84
1z MZn A(’TLCu %
Amgzy,
2. e= 220 18 9 um
pZnS

Exercice 6

Mn?*" — MnO, HY — H,

H,O — O, Mn?t — Mn

2. Anode : Mn?T +2H,0 — MnO, + 4H™'. Cathode : 2HT +2e~ —» Hy
3. Q=2& F=2,210°C=0,6 kAh

2
4 At = 2P 1 38105 s =16j 1h Smin
Mj

1. A Panode : { et a la cathode : {

5. &n =5,1.106 J = 1,4 kWh
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