
MICRO-330 CAPTEURS
Formulaire d’examen 2025

Constants

h ∼= 6.6 × 10−34Js e ∼= −1.6 × 10−19C c ∼= 3.0 × 108m/s kB
∼= 1.4 × 10−23m2kgs−2K−1 Φ0 ∼= 2.1 × 10−15Tm2

ϵ0 ∼= 8.8 × 10−12F/m µ0 ∼= 1.3 × 10−6H/m me
∼= 9.1 × 10−31kg

1. Mesure
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s = σ + jω, (σ,ω) ∈ ℜe
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Sn(f)df

y(t) = S0x(t) G(jω) = S0
τ ẏ(t) + y(t) = S0x(t) G(jω) = S0
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ω2
0
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1+ω2τ2 cos (ωt + ϕ)
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√
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√
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2. Capacitifs

C = ε0
∫
V

εr (x) |Eu(x)|2dx3 C ∼= ε0εrA
d Wel = 1

2CV 2 = 1
2

Q2

C
Fel = ∂Wel

∂d
∂V
∂d

∼= σsd1
ε0

1
d
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3. Inductifs

L = 1
µ0

∫
V

1
µr(x) |Bu(x)|2dx3 L ∼= µ0µr

N2

l πR2 V0 =

Rb + ω2L12
2

Rc
2 + ω2Lc

2 Rc︸ ︷︷ ︸
∆R(x)

+jω

Lb − ω2L12
2

Rc
2 + ω2Lc

2 Lc︸ ︷︷ ︸
∆L(x)


 ib

δ = 1/
√

πfµσ =
√

ρ/πfµ ℜ =
∑ li

µrµ0A =
∫ dl

µrµ0A L = N2

ℜ Sσ = 1
σ

∆µ
µ L ∼= N2µA

l

4. Magnétiques

R (θ) = R// − ∆RMRsin2θ R (θ) = R⊥ + ∆RMRcos2θ

R (θ) = Rϕ=180◦ − ∆RGMR(1 + cos ϕ)/2

F = e (E + v ∧ B)
F = mv̇ = m∆v/∆t ∼= mv/τ

VH =
w/2∫

−w/2
Eydy = vxBzw = µρ

h IBz = 1
nehIBz

µ = vx
Ex

= eτ
m ; ρ = m

enτ = 1
µn ; J = envx; I = Jwh

VH = 1
enhIB = SIIB = SB

RB = R0
(
1 + m(µB)2

)

B = µ0 (H + M) ∼= µ0
(
H + µr maxH − αH3) ∼= µ0µr maxH − αH3 (for µr max >> 1)

Vind = µmaxHexcω cos ωt︸ ︷︷ ︸
f

− 3αH2
extHexcω cos ωt︸ ︷︷ ︸

f

− 6αHextH
2
excω sin ωt cos ωt︸ ︷︷ ︸

2f

− 3αH3
excω cos ωtsin2ωt︸ ︷︷ ︸

3f

ΦB = nΦ0 n ∈ N, Ic
∼= 2ic

∣∣∣cos(π ΦBext
Φ0

)
∣∣∣

5. Optiques

Eph = hν λ = c∗
ν = hc∗

Eph

∆n = non − noff = gτn

g = 1
lwd

η(1−r)Φ
hν

R = 1
σ

l
wd = 1

eµn
l

wd

∆I = e∆nwdl
τtr

= eg τn
τtr

wdl

S = ∆I
Φ = e τn

τtr

η(1−r)
hν

I = Id − Iph

Iph = eη(1 − r)λΦ(x)
hc = eη(1 − r)Φ(x)

hν
Φ(x) = Φ0 exp(−αx)
Id = I0

(
exp

(
eVd
kBT

)
− 1

)
S = Iph

Φ0
= eη(1−r) λΦ0 exp(−αx)

hc
Φ0

= eη(1 − r)λ exp(−αx)
hc

fD = fr − fe = −fe

c v · (r̂ − ê) fD
∼= −fe

2v
c cos θ β = CverBd ∆Φ ∼= 8π2R2

cλ Ω

Isignal = ILM

Inoise =
√

2eIsignalMFB =
√

2eILM2FB = M
√

2eILFB
F ∼= αM + (1 − α)(2 − (1/M))
Pour M ≫ 1 et α ≪ 1 : F ∼= (αM + 2)
Pour M ∼= 1 et α ≪ 1 : F ∼= 1

S (λ, T ) ∼= 2πc2h
λ5

1

e
− hc

λkBT −1

Pour hν ≫ kBT : S (λ, T ) ∼= 2πc2h
λ5 e

− hc
λkBT∫ ∞

0 S (λ, T )dλ = σT 4 σ ∼= 5.7 × 10−8 W
m2K4

λmaxT = 2.9 × 10−3 m K

Vm(T ) =
λ0+∆λ∫
λ0−∆λ

ε(λ, T )S(λ, T )Sc(λ)dλ

Pour hν ≫ kT : Vm (T ) = ε (λ1, T ) C1λ−5
1 e−C2/λ1T Sc (λ1) 2∆λ

C1 = 2πc2h C2 = hc/k
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6. Thermiques

Vbruit−thermique,rms =
√

4kBTR∆f

R(T ) = R0[1 + αR(T − T0) + βR(T − T0)2 + ...]

Φ(t) = Cth
dT
dt + (T − T0)Gth τthermique = Cth

Gth
= mcv

Gth

PTAT : V1 − VN = kBT
e ln (N) Thermocouple : ∆V = SAB (T2 − T1)

Vm = S0
[
εobjT 4

obj − T 4
capteur + (1 − εobj) T 4

ambiant

]

7. Piézorésistifs

∆R
R = K ∆l

l = Kε ∆R
R = [αR + K (αe − αj)] ∆T

Vm = V0
4

∆R4
R

(
1 − 1

2
∆R4

R + . . .
)

Vm = V0
4 K ∆l

l

(
1 − 1

2K ∆l
l + . . .

)
∆ρi

ρ = πijσj πtransverse = −1
2π44 πlongitudinal = 1

2π44

Effet longitudinal: ∆R
R = 1

2π44σ[110] Effet transverse: ∆R
R = −1

2π44σ[110]

8. Piézoélectriques

dik avec i : direction du champ électrique k : direction de la force (ou couple)

 qx

qy

qz

 =

 d11 −d11 0
0 0 0
0 0 0

d14 0 0
0 −d14 −2d11
0 0 0

 (σ1..6) (pour quartz)

 qx

qy

qz

 =

 0 0 0
0 0 0

d31 d31 d33

0 d15 0
d15 0 0
0 0 0

 (σ1..6) (pour PZT)

Vz = Qz

C = Qzh
εε0Ll = d33

εε0
h
AFz

Vz = Qz

C = d31F 1
L

1
εε0

dultrason = vultrason
1
2TOF Qdébit = πR2 vultrason

cos(α)
∆fdoppler,max

f0

9. Résonants

Q = k
λω0

= Amax
A0

∆f
∆m = − 2f2

0
A

√
ρqG

Fcoriolis,débitmètre = 2ṀΩL Fy,gyro = −2m2 |Ω| vx ymax = 2ΩQy

ω0
x
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10. Chimiques

∆Rreaction
R0

= αR∆Treaction = αR∆Hreacγ
Gtherm

C0

E = E0 + RT
nF ln

(
Cox
Cred

)
à 25◦C :E = E0 + 0.0256

n 2.3log10

(
Cox
Cred

)
E = Eref + 0.059 (pHref − pH)
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