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T ] Number of gridpoints K necessary for
\ numerical solution:
Assumptions:
(i) Let fro> fnF,
(ii) Mesh spacing for sufficient
] resolution a factor of 10 smaller
B than fro,
iii) simulation interval T~ 1/fnF:
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Interpretation in frequency domain
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Stiff systems:

Quartz and cavity oscillators
Pierce quartz oscillator:

(i) fLo =2MH=z

(ii) Transit time T, ~ 50ms
= K > 10Ty * fr,o = 10°
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Oscillatory transient response with
smooth envelope:
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Periodic waveform in t1, smooth en-
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Kirchhoff's law:
A1 =0, u= ATy
device constitutive equations:

Q@A:v

fG,u,t) =i+glu)+—=4+0b(t) =0, f:RxR*xR—-R?

results _38 nodal formulation:

dqg(AT v)
dt
I. e. system of n — 1 differential-algebraic equations:

AgATv) + A + Ab(t) =0

flz,z,t) = i(x(t)) + WQQASV + b(t) =0, non-autonomous

flx,z) = i(x(t)) + W@Aaﬁvv = 0, autonomous
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1. Example: Mixer in steady state, 2-tone case
Solve partial DAE on a set Q2
for periodic boundary conditions in tq1, to

f(x(t1,t2), VI(ty,t2),(t1,12))

= i(Z(t1,t2)) + V q(Z(t1,t2)) +b(t1,t2) =0, (t1,t2) € 2
where

& 0
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b(t) =b(wyit, wot)
and

AA@HQ va _ﬁ“ S ﬁOu Mﬁ.T 1= ”_JMH__v
b(t1 + 2m,t2), b(t1,t2) =b(ty,t0+2m)
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Solutions for a Family of Initial Conditions along characteristics:

i1

wit+ ©1

tr =wpt+Op, 0<O1p< 27

Special solution of the underlying ordinary DAE along
characteristic
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Discretization on the semi-open set €2:
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Transient response of high-Q-oscillators: Solve on
Q:={(r,t1) |7 R, t; € [0, 27[}
autonomous partial DAE
f(&(7,t1), VE(r,t1))
= i(z(7,t1)) + Vq(Z(7,t1)) = 0, 2(0,%1) = zo(t1)
for periodic boundary conditions in t1, where:
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Solution along characteristic
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Time domain and partial DAE solution
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Initial value problem for a Parametrized Family of Initial
Conditions

flzo (), 2o(t),t) = i(ze () + & a(zo(t)) + bo(t) =0,
rto(0) =20(©), ©ecR™

where zo(©) : R - RV bg(t) : R - RY
(2 m)-periodic in ©1,..., On
Furthermore: semi-open set €2

Q= {(r, t1, ..., tm) | T ER, ; € [0, 2n, 1 < i < m)
Define a partial DAE on 2
\A&Aﬁuﬁf O uﬁSVQQ&A\ﬁw”—L <o uﬂﬁ;vu A\ﬂu t1,-- -, wSVV

= i(Z(1,t1,...,tm)) + Vq(@(1,t1,...,.tm)) + b(7,t1,...,tm) = O,
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