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14 Transistor amplifier

14.1 General information

The problem is a stiff DAE of index 1 consisting of 8 equations P. Rentrop has received it from

K. Glashoff & H.J. Oberle and has documented it in [ ]. The formulation presented here has
been taken {rom [ ]. The parallel-IVP-algorithm group of CWI contributed this problem to the
test set.

The software part of the problem is in the file transamp.f available at | ]

14.2 Mathematical description of the problem
The problem is of the form

d !
ML =y, w0 =w V0 =

with
yeR® 0<t<0.2.

The matrix M is of rank 5 and given by
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and the function f by
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where g and U, are auxiliary functions given by

g(z) = B(ePr —1) and U.(t) = 0.1sin(2007t). (I1.14.1)


http://www.dm.uniba.it/~testset/src/problems/transamp.f
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The values of the technical parameters are:

U, = 6, Ro = 1000,
Up = 0.026, || R = 9000 for k=1,...,9,
a = 099, ||[Cy = k-107¢ for k=1,...,5.
B = 10
Consistent initial values at t = 0 are
0 51.338775
Up/(82 +1) 51.338775
Us/(F2 +1) —Up/(($ + 1)(Cs - R3))
B Uy . —24.9757667
L vy [0 %07 —24.9757667
Us/(F2 + 1) —Up/((£2 +1)(Cy - Br))
U, —10.00564453
0 —10.00564453

The first, fourth and seventh component of y;, were determined numerically. All components of y are
of index 1.

The definition of the function g(z) in (IL.14.1) may cause overflow if £ becomes too large. In the
Fortran subroutines feval and jeval that deﬁne the function f and the partlal derivatives of f with
respect to y, respectively, we set IERR=-1 if UF > 300 to prevent this situation. See page I'V-ix of the
description of the software part of the test set for more details on IERR.

14.3 Origin of the problem

The problem originates from electrical circuit analysis. It is a model for the transistor amplifier. The
diagram of the circuit is given in Figure 1[.14.1. Here U, is the input signal and Uy is the amplified

@) N =

Ficure 11.14.1: Circuit diagram of Transistor Amplifier (taken from [ ]).
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FIGURE I1.14.2: Schematic representation of a transistor.

output voltage. The circuit contains two transistors of the form depicted in Figure 11.14.2. As a
simple model for the behavior of the transistors we assume that the currents through the gate, drain
and source, which are denoted by I, I'p and Ig, respectively, are

Ie = (1-a)g(Us —Us),
Ip = ag(Ug — Us),
Is = g(Uq —Us),

where Ug and Ug denote the voltage at the gate and source, respectively, and o = 0.99. For the

function g we take
U, —U;

gU; = Uj) = Ble 7r  —1),

where = 107 and Up = 0.026.

To formulate the governing equations, Kirchoff’s Current Law is used in each numbered node. This
law states that the total sum of all currents entering a node must be zero. All currents passing through
the circuit components can be expressed in terms of the unknown voltages Uy, ..., Us. Consider for
instance node 1. The current I, passing through capacitor C; is given by

d

dt(cl(U2 - U)),

Io, =

and the current I, passing through the resistor Ry by

_Ue_Ul

Ig, o

Here, the currents are directed towards node 1 if the current is positive. A similar derivation for the
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TABLE I1.14.1: Failed runs.

solver m reason
RADAU | 0,...,8,30 | solver cannot handle TERR=-1.
RADAUS5 | 0,...,8 solver cannot handle TERR=-1.

other nodes gives the system:

node 1:  L(Cy(U> — Un)) + Uj{?) - % = 0,
node 2: $(Ci(Uy —Us)) + £ — Us(g- + 7) + (@ — Dg(Us = Us) = 0,
node 3:  — % (CyUs) + g(Uy — Us) — 52 = 0,
node 4: —%(Cs(Us — Us)) + 5 — 5+ — ag(Uz — Us) = 0,
node 5: §(Cs(Us — Us)) + g — Us(g- + 2) + (@ — Dg(Us = Us) = 0,
node 6: — 5 (Cals) + g(Us — Us) — B2 = 0,
node 7: —%(05(U7 —Us)) + 1% — %; —ag(Us — Us) = 0.
node 8: —&(Cs5(Ur — Us)) + % = 0,

The input signal U, (t) is
U.(t) = 0.1sin(2007t).

To arrive at the mathematical formulation of the preceding subsection, one just has to identify U;
From the plot of output signal Ug = y(8) in Figure I1.14.2 we see that the amplitude of the input
signal U, is indeed amplified.

14.4 Numerical solution of the problem

Tables 11.14.2-11.14.3 and Figures 11.14.3-11.14.4 present the reference solution at the end of the
integration interval, the run characteristics, the behavior of the solution over the integration interval
and the work-precision diagrams, respectively. The reference solution was computed on the Cray C90,
using PSIDE with Cray double precision and atol = rtol = 10~**. For the work-precision diagrams,
we used: rtol = 10=(4+m/8) = 0,1,...,40; atol = rtol; h0 = 102 - rtol for BIMD, GAMD,
MEBDFDAE, MEBDFI, RADAU and RADAUS5.

The failed runs are in Table I1.14.1; listed are the name of the solver that failed, for which values
of m this happened, and the reason for failing.
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TABLE 11.14.2: Reference solution at the end of the integration interval.
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FI1GURE 11.14.3: Behavior of the solution over the integration interval.



DAE - Transistor Amplifier II-14-7

Trarei=ior Amplifier
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F1cure 11.14.4: Work-precision diagram (scd versus CPU-time).
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Trarei=ior Amplifier
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F1cure 11.14.5: Work-precision diagram (scd versus CPU-time).
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FIGURE 11.14.6: Work-precision diagram (mescd versus CPU-time).
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Trarei=ior Amplifier
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Ficure 11.14.7: Work-precision diagram (mescd versus CPU-time).
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