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THE INTERPRETER

The Interpreter

1 Introduction

The Interpreter is a powerful tool which extends TINA’s usefulness. It allows the evaluation of
mathematical expressions, the solution of equations and systems of equations, the calculation of derivatives
and integrals, the plotting of results, and much more.

You may liken the Interpreter to using paper and pencil for solving problems, except that you can have
TINA check the results. If you use the Interpreter after DC, AC or Transient analysis, it is extremely handy
for post processing the results.

Another interesting application of the Interpreter is the arbitrary definition of signals to be used as
excitation for a circuit. These signals can be assigned to analog generators.

For educational users, TIN.A has two special modes. In examination mode, the student has to solve a
series of problems (a problem sef) either by traditional pencil-and-paper methods or by using the
Interpreter and analysis functions. When the student finds the answer, the program sends it immediately to
the teacher's machine, where it is promptly displayed by the TSuper supervision utility. In training
mode, operation is similar, except that TINA gives the student feedback about the correctness of his
answer, and the student may turn to the Advisor to get help prepared by the teacher.

The Interpreter can be activated from the Tools menu. Its interface is similar to that of TINA’s text editor:
you enter expressions as text and then execute it as a program or an expression to evaluate or plot.
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2 Getting Started

In this chapter we will consider some simple examples to see the types of problems we can solve with
the Interpreter.

2.1 Relationship between the Interpreter and the Schematic Window

Although the Interpreter can be used entirely on its own with no schematic file open in the Schematic
Window, it gains in power when used in relation to an underlying schematic. When a schematic file is open
in the Schematic Window, you can access its circuit variables and component parameters.

Note that, in order to make component parameters accessible, you must enter a component reference
symbol in the Label field of each component’s properties window. The label for a 250 ohm resistor, for
example, could read R,250, R, or R=250. With any of these three labels, the Interpreter will use R as the
reference name and will pick up the value from the Value field. The labels showing the value aid in user
documentation on the schematic. In the case of components such as inductors or capacitors, additional
parameters (parallel resistance or series resistance, respectively) become available. In general, each
component reference symbol should be unique (an exception being where there are multiple components

all with the same values).

The various parameters of sources (e.g., for a sine wave, DC level, AC amplitude, frequency, and phase) in a
schematic are also available to you in the Interpreter. They appear in the symbol table under the heading
Circuit variables. Be sure to fill in the label field for sources.

Finally, the results of analyses run on the schematic are also available as functions (of time or frequency).
These appear in the Interpreter symbol table as External Functions, under the names they have been
assigned by the Diagram Window (e.g., AC_Ampli2, AC_Group_delay3

2.2 Calculations

In the following example we will see how to do simple calculations in the Interpreter. The Schematic Editor
will contain a basic RLC circuit.( e7.5ch )

Run transient analysis with the given defaults. Click on the Tools menu and select the Interpreter. The
Interpreter window appears.

[HIE1 - Schematic Editor
Fie Edt Insert View Andbysic T [[FERY Help

=l1c] ’E@_ N5 [Z 1] DisgamWindow

Equation Editor
_L_| ] |one %_ N [reerpreter [l
| _ -"_ _“_ Hetlist Editor L =
s et foauces foambondustar: | oo ({Loge s fandeg Contal] z

““ Noname - TR result!

Fle Edt Wiew Cocess Help

P[RS TR

TH resultlf

@l Iz [Ea]

&

[% 502 v.17
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Note: To insert these TINA screen views into this manual (a MicroSoft Word document), we used the
PrintSereen key in TINA to copy the screen to the clipboard. You could also copy any windows of TINA to

the clipboard by selecting the window and pressing the A/#+PrintScreen keys. Then we pasted the clipboard
contents into this document.

Blorome Thoesti WG]
File Edit Wiew Frocess Help _
=8[BI » &S] T O [
T Bl
2 50

=

E‘ [ G-

£
2 90—
T I T 1 1

Fop 06 bt 1 0 2 66m
Tima fz]
4 TR result] f
) Let’s first check R, one of the circuit parameters.

Write in the Interpreter
R= , Then press enter.
The Interpreter will give the result

R = [250] , That is 250 Obm

i) Calculate the impedance of the circuit at a radian frequency of 100k:

1
W(s)=R+sL||—
(s) IISC

Write in the Interpreter,
R=[250]

w:=100k

Z:=R+Replus (j*w*L,1/ (J*w*C) )

7=[250-20.0642%7]

Abs (Z)=[250.8039] { the absolute value }
Arc(Z)=[-80.0852m] { the phase value(radian) }
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EJE1 - Schematic Editor MmEE
File Edit Insertt Wiew Analpsiz T&M Took Help

EREE == [ [ ] .lj 100% - |1‘,|“< . ||5mund—||
I| J_| _l %- _"_ 2": }{ }l }lé |’ !Nunm lu|t1 !E[-
\BaslcﬂMetals;{Sources;{Semlconductors;([iates;{th FIops;{Mlxed mode;@ File Edt Yiew Process Help B
sa|EEIEE ~JO|NJE]

TS ave]
L, B2.5m E‘ ooe /A
Inlelpletel (|1 ipr»
a1 R, 250 File Edit Bun Settings Help
ol 880
o s BEIE] [*] | |
R=[250] B ) 206m

Wi =100k
Z:=R+Replue (J*w*L, 1/ (J*w*C) )
Z=[250-20.0642*7]

IHD

Abs= (2)=[250.8038]
Arc(Z)=[-80.0852m]

| 1ine:s col:l  [Successfully compiled

[ e [ e kesvar |
[Page 4+ Sec 1 435 et 223 Lo 17 col 1 [REC [RE ST ER [EH

There are more functions available ( See the Appendix).

To save these calculations, click the Saze button on the toolbar, and follow the prompts. To recalculate
results, press the Rz button on the toolbar or use the Run menu.

2.3 Signal processing
We can use TINA to post-process the results of an analysis of a circuit. After a DC, AC or transient

analysis has been performed on a schematic, the analysis results are placed in the symbol table of the
Interpreter so you that can refer to them as you write expressions in the Interpreter.

In this example, we will plot the instantaneous power in the resistor using the previous TINA transient
analysis result.

The instantaneous power in the resistor is:

p(t) = u(t)-i() =" (t)
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Before plotting this signal, we have to set the ending interval time value (right limit parameter) in the
Drawing Preferences dialog. Set this parameter to the value of the transient analysis end time, 2.0m.

FlE1 - Schematic Editor WEE
File Edit [nzert “iew Analyzic T&M Tools Help

E’J=E]£@| k= | ﬁ|+1|+u|T|% |ﬂ f\nl-*—l DM |$ |'| Mﬂ @ | Ground j
R e e e E A e e B ]
4 Basic f{Meters { Sources {5 emiconductors £ ates £Flip-flops {Mixed mode ALogic ICs f&nalog Control

=
_

=

3

Interpreter-<il_ipr> =
File Edit Bun Settings Help
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Type in the Interpreter:
Draw( Sgr (TR _resultl(t))/R, MyResult )

The result appears after a moment in the Diagram Window.

FJE1 - Schematic Editor

File Edt Insett Miew fnabsis I8M Took Help Noname - MyResult REE
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BO.00m —

L. B2.5m

E 40.00m

20.00m—

T 1
D00 S00.008 .00 4.50m 2.00m

Tr s
Interpreter-<il.ipr> o [=] 3 =l

Fle Edt Bun Settings Help

[o]=]a] [»]

R=[250]

(WD

w:=100k
Z:=R/ (Rt+Replus (3#w*L, 1/ (3*w*C)))
s (2)=[996.7945m]

Draw( Sqr( TR_resultl(t) ]/E, NyResult |

‘ = _»l"
ﬁl—l Line:8 Col:l |Successfully compilsd PMEIS s
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2.4 Signal definition

Another interesting application of the Interpreter is the arbitrary definition of signals to be used as
excitation for a circuit. These signals can be assigned to analog generators. User defined waveforms
are extremely general and call up an equation editor window where the waveform may be defined as a
mathematical expression. To make signal definition even easier, a template which you can modify to
create your own signal is provided in the editor window. No#e that while TINA’s Interpreter is utilized for
signal definition, you access signal definition via the Schematic Editor window, not the Tools/ Interpreter menn.

As a simple example of this feature, pick up a voltage generator from the toolbar, place it in the
Schematic Editor window, and then double-click on it. The dialog box of the Voltage Generator will
appear. Click on Unit Step in the Signal field and then press the ss4 button that appears. A new dialog
box opens showing the available signals. Now press the rightmost button, User Defined, in the Signal
Editor window. The curve and the description of a simple linear time function will appear. To change
this into a quadratic function, replace 7 with #*/ in the description on the right side and then press the
Test button. The waveform versus time diagram of the new function will appear. Now you can use this
new signal with any circuit during transient analysis. For more details of User defined excitations, refer
to Chapter 7.

2.5 Problem Solving

TINA has two special modes for educational purposes. In examination mode, the student has to solve
a series of problems (a problem sei), either using pencil-and-paper or the Interpreter and analysis
functions. When the student finds the answer, the program sends it immediately to the teachet's
machine, where it is promptly displayed by the TSuper supervision utility. Operation is similar in
training mode, except that TINA gives the student feedback about the correctness of his answer.
Furthermore, in training mode the student may turn to the Advisor to get help prepared by the
teacher.

To learn more about this feature see Chapter 8.

10
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3 Calculations using the Interpreter

You can also use the Interpreter to carry out calculations. In this chapter, we will present examples of
the calculations that you can do with the Interpreter.

To solve a problem, you first create the “source code” that the Interpreter will compile and execute.

This code is structured in two parts: the first part contains function definitions, while the second part
contains executable commands. Functions help you to solve complicated problems.

3.1 Solving DC problems

Example

Resistors R1, R2, R3 in the circuit below are connected in parallel. Calculate the total resistance.
EJE2 - Schematic Editor =] x]

File Edit [nzett “iew Analpsic TiM  Toole Help

L@é]ﬁ@| AR | 0 e | e R A R | Ground =]

W= o] [ [ e[ [ 3 3 3 ] -~ [ [ 30

' Basic f\Meters  Sources 4 Semiconductors 4 Gates  Flipflops AMixed mode {Logic ICs {Analag Control £

I
[~
L

R1
R1=1kOhm
Z3, R2=2kOhm
R3 R3=3kOhm
R=?
+©|

m of

" w296 o0l

Solution
1) We will solve the problem first by entering the equation for R. Write in the Interpreter

:= 1/( 1/R1+1/R2+1/R3 )

R
R =, Then press enter

The Interpreter will give the result,

R = [545.4545]

11



THE INTERPRETER
Since we have a schematic file open, we can access vatiables derived from the component name labels--R1,

R2, and R3, for example. Click on the menu to Sesings/View Synbol Table to view which vatiables are
available to you.

i) We will define a function to compute the total resistance of arbitrary parallel connected resistances
labeled R1, R2, R3. The Interpreter’s Function declaration is used to solve more complicated
problems. The syntax of the function declaration is:

Function FunctionName(parname/,...,parnamer);
Begin

function body
End;

The function that computes the parallel resistance is:
Function Parallel( rl, r2, r3 );
Begin

Parallel := 1/( 1/rl+1/r2+1/xr3 );
End;

For a numerical solution based on the values of R1, R2, and R3 in the underlying schematic, type the
following and press Enter:

Parallel( R1, R2, R3 )

See the result:

=[545.4545]
FE2 - Schematic Editor MEE
File  Edit Insert View Analpsiz T&M  Toolz: Help
S][E [ [ = oo ] (][] [ ][l (@] ({05 ] | [sons El
[P fe = DOOI=RE] [ [ [ ] ]
B asic AMeters 4Sources 4Semiconductors AGates AFlip-flops AMized mode £Logic ICs 4Analog Control
[
_l
R1=1kDhm
R2=2kOhm
R3=3kOhm
R=?
Interpreter-<i2.ipr> [_[O]=]
Eile Edit Bun Settings Help
[ol=]s] [b]
Funcrion Parallel( r£l, r2, £3 ): -
Begin [
Parallel := 1/( L/rl+l/r2+1/r3 ):
End;
R := 1/( 1/R1+1/R2+1/R3 )
R =[545.4545]
Parallel|[ R1, RZ, R3 }=[545.4545]
= 5
. Lins:13 Col:l |Ho errox _;|_I
K| |
ElEIED] Eoa
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3.2 Solving AC problems
Example

Consider the following circuit. Calculate the phase and absolute value and the time function of the
voltage named Oz, when f=1MHz. The time function of the voltage generator is:

V e () =10+ cOS(w - 1 + 45°)

EIRLC_NEW - Schematic E ditor HEE
File Edit Inseit Wiew Analysis T& Tools Help
SB[ [l [= [ [l T[T 1] [ ) Bl o [ ] = 5
=] o] 3 [ e e e~ R3] [ ] ] |
4 Basic fiMeters 4 Sources 4 Semiconductors 4 Gates £ Flipflaps sMixed made ALogic |Cs 4Analag Cantral /
RLC-circuit
R.300 L,m
¥ +
Source |/ TC,1n >1<Oul
L
T iy
[E]| . 266 Y. 76
[Page 1 sec: 43 (st 3Ecm Lnl o ol 1 [REC [TRe BT [SR [eER

Solution
First we find the AC transfer function,

s

Wis)=—3C = L
Ras L+ I+s-R-C+s”-C-L

1
s-C
Then we represent the complex source and its peak value,

=10/

source

13
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The solution will be,

Vout (J ’ a)O) = V

source

AV wo)

where ) is the desired frequency.

In our program, we first define a variable s to hold the complex frequency value, s=joy. Then we
calculate the transfer function W(s) using the complex peak value Vsource . By default, TINA gives us
the phase angle in radians. To present it in degrees, simply change the Settings/ Numeric formats &

precisions/ Angle to DEG

With the help of the Interpreter,

S := j*2*pi*leé6

W := 1/ (1+R*C*s+C*L*s"2)

VSource := 10*exp (j*pi/4) {Complex peak value of the source}
VOut := VSource*W

VAbs := Abs( VOut ) {Abs. value of the output voltage }
VFi := Arc( Vout ) {Phase value of the output voltage}
VFi=[3.9759]

VFiDeg := RadToDeg( VFi )

VAbs=[259.5747m]
VFiDeg=[227.8045]

Using these results, we write the output voltage:

V.@)=V, -cos(@-t+V,)=0259 cos(w-t+3.97)

14
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3.3 Evaluating integrals

Example
Another application of the Interpreter is numerical solution of arbitrary integrals.

Calculate J (sin2x +cos” x)dx

-

Solution
We define a function f(x) to hold the function to be integrated; then we compute the integral using
the help of TINA’s Integ function

Function f (x);
Begin
f := sin(2*x)+Sqgr(cos(x)) ;
End;
Integ( f£(s), -pi, pi, s )=[3.141¢6]

The syntax of the Integ command used above is,

Integ(Expression(T),Limit],Limit2,T)
Expression(T) is the expression to be integrated; the left and right limits are Limitl, Limit2; and the
variable of integration is T.

There are a large number of built-in functions that you can use in the Interpreter. The formal
parameters of some functions (such as sz, cos, exp, etc.) are complex. See the Appendix for details.

15
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3.4 Solving linear systems

One of the most powerful features of the Interpreter is the linear equation solver. With it, there is no
need to reduce the equations manually to achieve a solution. The syntax of the equation solver is:

sys namel, ...,namen
equationl

equationn
end;

where equation/ is the ith equation, and name7 is the ith unknown variable. If there is no solution, or
if there are multiple solutions, the Interpreter will present an error message.

Our linear system example will be the solution of a system of nodal equations.

Example
Let’s consider the following circuit. Determine the nodal voltage at @,.

FJE7 - Schematic Editor HEE
Fil= Edit Inzert Miew Analpsiz T&M Toolz Help

0 O P 25 I 0 e 9 e
(=T [ & T [ [ [ e [me e ] - [5 3

\Basic iMeters 4 Sources ASemiconductors f{Gates AFlipflops {Mixed mode 4Logic ICs fénalog Contral /

L

LLE

Solving linear systems

Interpreter-<il8.ipr> [_ O] =]

File Edit Fun Settings Help

clela] (0]

Sys Fil,FiZ
Fil/R1+(Fil-U) /RE+(Fil1-FiZ2) /RZ
FiZ/R1+ (FiZ-U) /R1+(FiZ-Fil) /RZ
End

LI

o o

Fil=[1.8421]

Line:& Col:13 |No error

" Na

[Exit] [Fun %372 7. 79
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Solution

We need only enter the correct equations: the Interpreter will then solve them automatically.
The nodal equations are:

ﬂ+¢1_U+¢l_¢2 =0

R, R, R,
¢_2+¢2_U+¢2_¢1 =0
R, R, R,

Note that we assume that the underlying schematic as shown, with component values, has already
been created. We will reference variables from the schematic.
Entering these as source code in the Interpreter:

Sys Fil,Fi2
Fil/R1+ (Fil-U) /R2+ (Fil-Fi2) /R2
Fi2/R1+ (Fi2-U) /R1+ (Fi2-Fil) /R2
End

([l
o O

Fil=[1.8421]

In this example, the system of equations of variables Fil, Fi2 is solved assuming that U, R1, R2 are
already defined. In TINA, these parameters are automatically referenced by the labels of the
appropriate components. To help in documentation, we used TINA’s text editor to put the
@D, D, node variable labels on the schematic as text items.

Verification

We use the Analysis/ DC Analysis/ Calenlate nodal wvoltages to check the solution obtained by the
Interpreter. After choosing Calenlate nodal voltages, the cursor changes into a pencil shape. Click with
the cursor on the @, node to verify its voltage.

Using Calculate nodal voltages, we get 1.8417, which agrees with the value computed by the Interpreter.

EJE7 - Schematic Editor _[=]x]
Fis Edt Inset View looyec (6 ook Help

=8 %@‘ IR REE R a|+||:|1suz =] | Ground =
(=] o] & [ [ ][m[e [ [pe ] | [ ] | [

\Basic {Meters /.5 ouices | Semicanductors | Gates {1 Hops fMixed mode /| Logic Cs | nalog Conial |

Hodal Voltages/Msters -
Nodal potential 1644

Selving linear systems I Corcel

Interpreter-<il 8.ipr> =]
File Edt Bun Seftings Help

Lleld] [b]

8ys Fil,FiZ
Fil/R1+(Fil-U)/R2+(Fil-FiZ) /RZ = 0
FiZ/R1+(FiZ-U) /R1+(Fi2-Fil) /RZ = O
End

[

Fil=[1.38421]

Line:6 Col:13 |Ho error

|@” [x137 vin1g
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4 Diagram drawing

When you use the Interpreter you can access the results of previous analyses. You can also define and
y p y p y
plot arbitrary functions and compare the theoretical solution with the analysis result.

4.1 Drawing time diagrams
Using the Interpreter, you can define arbitrary functions of time and plot the results in the time domain.

Referring to the following RL circuit entered as a schematic diagram, run transient analysis with the given
defaults. Then use the Interpreter to plot the theoretical result.

[#E3 - Schematic Editor
File Edit |nzett “iew Analpsiz Tk Toolz Help

(= P e A S e
e

=1

. o [ ] B ——— ]
= _l %- _"_ _"_ o File Edit “iew Frocess Help
B} el ke, el DERRE (D
B asic AMeters 45 ources A5 emiconductors 4G ates AFlipl |B|E| % x %llTlglglhlon%l%l = .
1.00— J
730, 00w —
MWyResult
£ 500,000
L,1m 250,00 |
I .
: I S =] ...
) File Edit Bun Settings Help |
[ [olc]a) 7] il

Draw({ l-exp{ -B/L*t ), MyResultl )

B
|

e ot

@" Line:1 Col:1% |Successfully compiled : ko

1) The time response is:

R
L

u(t)y=1-e

Enter this response directly in the Interpreter, referring to the schematic parameters and using the
Draw command:

Draw( l-exp( -R/L*t ), MyResult )

We can compare the computed result and the theoretical result (in this case, the results are almost the
same).

18
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ii) Changing the R parameter, we can see how the output signal changes. We use three instances of the
Draw command, each with a different R parameter, to place three curves on the diagram:

Draw( l-exp( -R/L*t ), MyResultl )
Draw( l-exp( -2*R/L*t ), MyResult2 )
Draw( l-exp( -3*R/L*t ), MyResult3 )

[FIE3 - Schematic Editor

File Edit |nsett “iew Analpsic T8 Toole Help

(=1 G o | E—
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4.2 Bode diagrams
You can define arbitrary functions in the frequency domain and plot them.

Consider the following RC circuit. Draw the AC fransfer function and calculate the amplitude and phase
for /~5kHz.

Run AC analysis with the given defaults. Using Symbolic Analysis we can get the AC transfer
function.

PN E4 - Schematic Editor HEE
File Edit lnzett “iew Analpsis Tk Toolz Help
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AC result:
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Drawing the AC transfer function

Now let’s use the Interpreter to draw the AC transfer function with the given defaults. Before plotting the
result, we have to set some parameter in the Drawing Preferences dialog.

o Set the /ft and the right limit parameter in the Drawing Preferences dialog. Set these to the AC
analysis start and end frequency.

Set the name of parameter to s in this dialog box also.
Set the #pe to Bode.

Then we can plot the desired function:
Draw( 1/ (1+C*R*s), MyResult )

Two new pages will be opened in the Diagram Window, for the amplitude and the phase diagrams of
the function.
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{FIlE4 - Schematic Editor =S
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Calculating the amplitude and the phase when f= 5kHz

The Interpreter provides a number of built-in functions that help in solving complicated problems.
Using the .4bs and the .4 functions, we can solve this problem easily.

f:=5k

ZAbs := Abs( 1/ (1+C*R*J*2%pi*f) )
ZAbs [31.8149m]

Db ( ZAbs )=[-29.9474]

ZFi := Arc( 1/ (1+C*R*j*2*pix*f) )
ZFi =[-1.539]

In this example, we define a variable f for frequency and set it to the given value. Then, using the Abs
function we calculate the absolute value (magnitude) of the transfer function at the given frequency.
Next, using the Db function ( returns 20*logio(x), provided x>0 ), we get the amplitude in decibels.
We can check these results by running an AC Analysis on the circuit in the schematic window, going
to the diagram window, and placing a cursor over the amplitude or phase curves at S5kHz. Finally, we
use the A function to get the phase angle in radians per second.
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L#|E4 - Schematic Editor
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4.3 Drawing impedances
The Interpreter can also draw impedance functions, with a choice of /near, log-lin or Bode diagrams.

Starting with the RL circuit shown below, we will use the Interpreter’s LOG-LIN diagram to draw the
impedance as a function of frequency. We are after the impedance that the source sees looking into
the network from its terminals. Note that we have two identically named and valued inductors and
two identically named and valued resistors If the resistors had different values, we would have to label
them with different reference designators in order for the Interpreter to pick up the correct values.
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Drawing the impedance in the frequency domain.

Before plotting the impedance function, we have to setup some parameters in the Interpreter’s Drawing
Preferences dialog.

o Sect the /eft and the right limit parameter in the Drawing Preferences dialog. Set this parameter to the
AC analysis start and end frequency.( 10k and 10M)

Set the name of parameter to s.
Set the name of result to ZAbs.
Set the wunit of parameter to f
Set the wunit of result to Ohm
Set the #pe to LOG-LIN.

23



THE INTERPRETER

We can draw the desired function:

Function Z(u) ;
Begin

Z := u*L+Replus( R, R+u*L );
End;

Draw( Z(s), Impedance )

At first we define a function to hold the impedance expression. Note in the function that # is a
parameter that is replaced with s when the function is actually “called” in the Draw statement. We
use here the built-in Rep/us function to calculate the impedance of two parallel connected impedances.
The Replus function accepts either complex or real arguments. Then, using this function in the Draw
statement, and relying on the current component values of the underlying schematic, we draw the
impedance function in the Diagram Window.

Two new pages are created in the Diagram Window--the amplitude and the phase diagrams of the
given function.
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5 Calculations and diagram drawing

In this chapter we will use convolution to obtain the response of a circuit in the time domain.
Convolution is a mathematical procedure in circuit theory that is used to be determine the response in
time domain.

5.1 An example of convolution
Let’s use convolution to find the time domain response of the RL circuit below. The input to the
circuit is a wnit step voltage generator and the output is the output voltage on the resistor R.
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‘_ﬁ_ Function Conv(u):

- hegin
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end; {Conv}
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5.2 Solution
The theoretical response of this circuit in the time domain is,

R
-—=t

Uyt)=1-¢ *

What does convolution mean and how can it be used to determine the response of this circuit in the
time domain? The convolution of two arbitrary signals is,

LO* 0= [f@f,(-1)d7
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It can be proven that the time response of a circuit to a source §(7) is:

y(@)=w()*s(t) = o]w(z‘)s(t -7)dt

where »(2) is the response of the circuit to the Dirac impulse. In this case,

R
-—=t

R
w(it)=—e *t

L
So, we have to define a function that computes the desired convolution integral.

Function Conv (u) ;

begin
Conv:=Integ(R/L*exp (-R/L*tau),0,u,tau) ;
end; {Conv}

draw (Conv (t) , Conv)
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5.3 Verification

Let’s use Transient Analysis on the circuit to check the result just found using the theoretical

convolution function:

R

Uyt)=1-e t'

We will check this result after running Transient Analysis by using the copy-paste functions in the

Diagram Window. Moving to the Transient Analysis window, TR_resuitl, b

y clicking on the tab, we

select the curve by clicking on it. We put it in the Cljpboard by pressing the C#r/+C key. Changing now
to the Resp fab of the Diagram Window, we copy the selected curve into this diagram by pressing the

Ctrl+17 keys.

We can see that the results are the same—one overlays the other exactly.
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6 Processing TINA’s results

Another interesting application of the Interpreter is post-processing the results of TINA analyses with
arbitrary functions. When you carry out DC, AC or transient analysis on a circuit in the Schematic
Window, the analysis results also appear in the Interpreter symbol table, so you can reference them
for additional processing.

6.1 Calculating average power

Example
Let’s consider the following circuit. Determine the average power appearing in the resistor R, sensed
by the voltage labeled O, as a function of time.

EJEEG - Schematic Editor |_[5]x]
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Solution
The instantaneous power in the resistor is:

W)
P =u(t) i) ="

The average power,
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P =—— [p(s)ds

And

5

P(t) = % [u? (s)as

We will compute and draw the power function with the Interpreter. The #(#) function in the integral

(the voltage across the resistor) will be picked up from a previous TINA result produced by transient
analysis if we reference it correctly, as TR_resultl.

The solution as found via the Interpreter,

Function P (x) ;
begin

P := Integ( Sqgr( TR resultl( tau ) ), 0, x, tau );
end; {P}

Function Power (x) ;
begin

Power := P(x)/(R*X);
end;

Draw( Power (t), PowerRes )
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Verification

For verification we will use the fact that in this case the instantaneous voltage across the resistor
settles down to an average amount with a ripple component, and the instantaneous and average values
come out very close.

Using the TINA transient analysis output, let’s check the result computed by the Interpreter.

In the TINA transient analysis time diagram, we see that after awhile, the voltage across the resistor
doesn’t change much. This will let us use an average value which we will read off the curve in the

Diagram Editor. Press the ‘Cursor a’ button, and the cursor will change into a +. Click this new
cursor on the output curve, position it to around 80z, and read the voltage:

Uy (80m) =8.4

The average power at this time is:

u’ (80m)

P(80m) = =0.0705W =70.05mW

Using the Interpreter we see that

Power (80m)=[72.7884]; that is, 72.79mW
We find just a small difference of 2.74m V.
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7 Signal definition

Another application of the Interpreter is the arbitrary definition of signals to be used as excitation for
a circuit. These signals can be assigned to analog generators. User defined waveforms are extremely
general and call up an equation editor window where the waveform may be defined as a mathematical
expression. To make signal definition even easier, a template which you can modify to create your
own signal is provided in the editor window. Note that while TINA'’s Interpreter is utilized for signal
definition, you access signal definition via the Schematic Editor window, not the Tools/ Interpreter menn.

Clicking on a generator, we can establish the Signa/ properties. Choose type wuser defined and the Signal
Editor opens. In this editor, as in the Interpreter editor, we can edit, save and compile source code.

A separate window, visible just below the editor, contains a list of the symbols for pre-defined
variables, circuit variables, and other user defined functions. We can use these to create a new user
defined waveform. Here’s how we would define an amplitude modulated signal:

Function Signal (t) ;
Begin

fCarrier:

=1M;

wC:=fCarrier*2*pi;

m:=0.5;

fmodsig:=100k;
wS:=fmodsig*2*pi;

Signal :=

End;

1*sin (wC*t) *

(l+m*sin (wS*t)) ;

If we continue and define more functions, the function named Signa/ will appear at the top of the
symbol list. In the body of the functions, we can define variables and use arbitrary assignments of the
built-in functions.
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8 Using the Interpreter in the training and examination mode
of TINA

For educational user, TIN.A has two special modes. In examination mode, the student has to solve a
series of problems (a problem sef) either by traditional pencil-and-paper methods or by using the
Interpreter and analysis functions. When the student finds the answer, the program sends it immediately to
the teacher's machine, where it is promptly displayed by the TSuper supervision utility. In training
mode, operation is similar, except that TINA gives the student feedback about the correctness of his
answer, and the student may turn to the Advisor to get help prepared by the teacher.

8.1 Solving a DC problem
The following example is a DC problem. The problem requires the student to calculate the voltage on
the resistor R2. Clicking on the 10/fage division entry in the examination panel, the circuit appears.

There are two ways to solve problems in TINA’s training & examination mode. The first is by using
the Result field in the Training & Examination panel, while the second is by using the Inzerpreter directly.
Using the Interpreter directly, we can use the Res#/f and the Submit functions to pass the result value to
the training and examination module of TINA.

8.1.1 Using the Interpreter in the Result field
In the result field, you may type in not only a number, but also a formula based on the symbols in the
circuit. In this case, the Interpreter is automatically ( internally ) invoked and evaluates the formula.
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8.1.2 Submitting a solution from the Interpreter window

After clicking the Interpreter button, the Interpreter window opens. Remember that our example
problem is to calculate the voltage on the resistor R2. We define two variables (I and U2) to hold the
current and the voltage on R2 using Ohm’s law. Using the Subwit function, we pass the result to the
examination module.

The solution with the Interpreter,
I := VG/( R1+R2 )

I=[2]
U2 := I*R2
U2=[60]

Submit ( 60 [V] )
CJWDIVIDE - Schematic Editor MEE

File Edit Insert ‘iew Analziz TiéM Tools Help
5 5 e i i
LA R FO) e Ca ) | |

IE
(-]~

= KN

T rain/Exam /
- o -
Training
P |T0tal time elapsed : 0:50
| Voltage division | L
R DC Theary
* ; - Current calculation
WG (j %RQ [\I/j kR Information [ X] Voltage division
— VS o100 Y Current division
B :;j 22 g:n @ Your zolution iz good. ;E"\;Lgﬂfnu'a“m
= m DC Troubleshooting
| Calculate the voltage on R2 (V)! | AL Troubleshasking
phirmization
Interpreter-<il 6.ipr> O] =]
File Edit Bun Settings Help
HEIE] [b]
I := WG/ [ RI+REZ ) ;I — Current Task
1=[2] L
Fesult :
Uz := I*RZ G0 W =
uz=[60] | ” : J|
Dion't forget the dimension.
Submit( 60 [V] )
‘ Inlemlelm" + Submit |
‘I I =l _'lj \CurrentTask-
|| Line:g Col:l Successfully compiled |><: 541 Y- 201

33



THE INTERPRETER

8.2 Solving an AC problem

The following is an example of an AC problem. Click on the AC problem entry in the examination
and training panel, and the circuit appears. Click the Interpreter button and the Interpreter window

opens.

AC problems are normally too complex to allow a one line solution in the result field, so we use the
Interpreter Window. But if the expression is small enough, we could use the result field also.

The problem is calculating the complex current through the inductor. First we define two complex
variables ( Z and I ) to hold the complex impedance and the complex current. Using the Swbmit2

function we pass the result to the examination module.

The solution with the Interpreter

zZ J*VGW*L

I := VGA / Z
Abs (I)=[10]
Arc(I)=[-1.5708]
Submit2( 10[A], -1.5708 [rad] )

I’GA stands for the voltage generator amplitude, while ["Gw stands for its radian frequency. It is
good practice to review the results carefully before adding the Submit command to your solution.
Once you press the Run button in a program containing the submit command, you are committed:

TINA will check your solution, tell you if it is right or wrong, and submit it.

M= ES

r__-_“_.!iAClesl - Schematic Editor

File Edit Insert View Analysis TéM  Tools Help

=50 0 7 2 e e i = =
—— = -
BRI EIREIER | I
T rain/Exam §
~ Training
|T0tal time elapzed : 0:26
AC Problem Information [ %] — Tasks
WG Amplitude =10 OC Theory
we = 1000 1z @ Your zolution iz good. Current calculation
L L =1mH Woltage division
Current division
- Power calculation
= Interpreter-<i17.ipr> =] S iy TIOUHBShOOt_mQ
Fie Edé Fun Seltings Help o Lo Sl
Calculate the comple /—=1 = Optimization
. REEE o]
the inductor (amplitu == 50 ]
I := WGa / 2 _I
Lhs (I1=[10]
Are(I)=[-1.5708]  Current Task —————
SubmitZ { 10[A], -1.5708 [rad] | Amplitude :
|1u 4 7
Phasze :
[-15708 [ad =]
Dion't forget the dimension.
LI | Inlelplelel"  Submit |
: Line:6 Col:l Successfully compiled _,lj_\ﬁunentTW
Tl Exi] | [ 533 vv: 322

34



THE INTERPRETER

9 Appendix

There are a large number of built-in functions that you may use in the Interpreter. The formal
parameters For some of these functions (identified with a C), the formal parameters accept complex
numbers.

General purpose functions
Sin(x)
Calculates the sine of x

Cos(x)
Calculates the cosine of x

Tan(x)
Calculates the tangent of x

Atan(x)
Calculates the arc tangent of x

Exp(x) ®

Calculates the exponential function e’

Ln(x) C
Calculates the natural logarithm of x, x>0
Sqr(x) C
Calculates the square of x
Sqrt(x) C
Calculates the positive square root of x
Abs(x) C
Calculates the absolute value of x
Sgn(x)

1, ifx>0
Sign function: § 0, if x =0

-1, ifx <0
Re(x) C

Calculates the real part of x

Im(x) C
Calculates the imaginary part of x

Arc(x) C
Calculates the phase of x in radian
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Sum(f(x))
Integral of f(x) in the [0..x] interval

Excample:
Sum(sin(pi))=1[2]

Integ(Expression(T),Limit]l,Limit2,7T)
Integral of Expression(T) in the [Limitl..Limit2] interval. The variable of integration is T.

Example:
a)

Function Con(t) ;

Begin

Con := t;

End;

Integ(Con(t),0,1,t)=[0.5]
b)

The meaning of Integ (Con(t),0,x,t) is ICanyﬁ.
0

D(t(x))

Derivative of f(x) at x

Example:
D(sin(0))=[1]

Periodic(x,y)
Where y is the period value. The function transforms x into the [0..y] interval according to y.
Example:

Periodic(5.3,2)=[1.3]

Not(x)
Calculates the bitwise negation of x

RadToDeg(x)
Converts x, in radians to degrees

DegToRad(x)
Converts x, in degrees to radians

Special functions for electrical engineering applications

Calenlation of parallel impedances

2
Replus(x,y)= R C
xX+y
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Unit step

. 0,ifx<0
=1 x>0

Calenlation of a value in decibels
Db(x)=20*1g(x), x>0
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10 Index

Abs function, 18

, 4

, 4, 17. See

Appendix, 12, 32

Bode diagrams, 17
Calculating the amplitude and the phase, 18
Calculations, 3

circuit parameters, 4
clipboard, 4

convolution, 22, 23
Diagram drawing, 15
Drawing impedances, 20
Drawing Preferences dialog, 6, 17, 20
Drawing time diagrams, 15
examination mode, 2, 7, 29
frequency domain, 17, 20
function declaration, 9
function definitions, 8
impedance function, 21
Integ function, 12
integrals, 2, 12

LOG-LIN diagram, 20

nodal equations, 14
PrintScreen, 4

Problem Solving, 7
processing, 25

Processing TINA’s results, 25
Replus function, 21

Result field, 29

Signal processing, 5

Solving a DC problem, 29
Solving AC problems, 10
Solving an AC problem, 31
Solving DC problems, 8
Solving linear systems, 13
solving nodal systems, 13
Submit command, 31

symbol table, 5

systems of equations, 2
theoretical result, 15
transient analysis, 3, 5, 6, 15, 25, 26
user defined waveform, 7, 28
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