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Introduction: linear system

Is it linear?

Offset
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Introdution: nonlinear system
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Comparator

U, = HIGH if U, > U,
COMPARATOR US _
LOW if U, < U,

U, —> .
° Threshold U HIGH 1T Ug > Ures
U detector S LOW if U, < U

ref

ref




ANALOG ELECTRONICS — Unit 8. Non linear applications with OAs

Threshold detector

U(t) 4
TEMPORAL FUNCTIONS
U, ()
Uref(t)
....... SR WY /
l L1 I
| I II I t> HIGH shsssnannn ——
l 1 1171
l I 11 1 S
l I 11 1
U,(t) | I
(N 11 LOW
l 1 11 1 HIGH :
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> t Uref (t)
TRANSFER FUNCTION
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Threshold detector

T8P1. Represent the transfer function (Vout versus Vin) if
R1=4 kQ, R2=1 kQ (V=15 V)
Represent Vout as a function of time if Vin=4-sen(2z-100-t)

+V
+V
% R1

How to obtain an R2
output signal TTL
compatible (6 V)?

Vin



T8P2. Ex May 2009. P2. Si R1=R2 =R3

1. Calcula los valores de V1 y V2.

2. Analiza el circuito y representa la funcion de transferencia.

3. Representa la evolucion de de Vs si Vi es una senal tringular de 5 V de
amplitud (pico) y 1 kHz, sin nivel DC.

741C (£ 10 V)

+9V
R1
+Vcec D1
V1 ) ™
-VVcc
Vs
R2 § Vi e—4¢ Py P
+Vcec | RL
ﬁ N
| %]
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Threshold detector

T8P3. Design a threshold detector with the Ve

LM397

According to the fo‘{lq/wing transfer function
O

RpuLL-up
VREF O—

Vv
~ OV > Yino—
3V

13 TEXAS
INSTRUMENTS LM397

SNOS977F —MAY 2001 -REVISED MAY 2016

LM397 Single General-Purpose Voltage Comparator

6.5 Electrical Characteristics
Unless otherwise specified, all limits are ensured for T, =25°C, Vg =5V, V =0V, Vou = V2 = V.

PARAMETER TEST CONDITIONS MIN®  TYP@  MAXTD| UNIT
=- ‘= Tp =25°C 180 400

VoL Output voltage low lo _ _4 MA, Vin' =0V, A mV
Vin=1V At the temperature extremes 700

lo Output sink current | ViN'=1V, Vv =0V, Vo =15V 6 13 . mA |
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Threshold detector

e Vi | T
1N I ER B Bl
IH 1N EN BE A |

T o o s v v 0

-
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Mol WU [ ]

Ch1 10.0V [sf;#4 5.00mV A Ch2| ./~ 45.3mV
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Hysteresis comparator

GOAL: To reduce instabilities at the ouput due to
noise

METHOD: Positive feedback
RZ

ou
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Hysteresis comparator

T8P4. Represent the transfer function (Vo vs V),) and the
time course of V7 if V) is a triangular signal of 10 V (pp)
and 1 kHz with no DC level (R1=1 k), R2=2 k), Vper =1V, +

15 V)
R2

R1
VREF +

741C Vour
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Hysteresis comparator

Solution: Hysteresis comparator

t U (t)
Usl(t) B PO I
T U, (t)
i |
Usz (t) : i 4'
Urefl Uref Uref2
AUe = | UrefZ B Urefl | Um = Urer1 + Urefa

2
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Hysteresis comparator

T8PS. Dibujar la funcion de transferencia (Vg frente a V)
R1=1 kO R2=2 kO, V =1V, £15V, Potenciometro a=1/3

R1
Ve AN
Vcc
¢ R Vs
R2 741C > .
Vref AN y
-Vcc
>< R

AVe=(2-a-Vsat:(R2+R1))/R2
Vm=(-R1/R2)-Vref
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Hysteresis comparator

T8P6. Represent the transfer
function

(Vo vs Vi)

R,=1 kQ - Viy O
R,=2 kQ ‘

R;=3 k(2
V=5V
RpuyiL-up=10 k€2 =

RpuLL-up
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Hysteresis comparator

T8P7. Represent the transfer function (Vo vs V) and the
time course of V7 if V) is a triangular signal of 12 V (pp)
and 100 Hz with no DC level (R1=1 k2, R2=4 kQ, R3=1 k(,

R4=1 k3, V=15 V)

Vee

Vnu——-ssL—l——-:>\\~
741C Vour
VREF -
R1




T8P8. Ex January 2007. P3.
1. Dibujar la funcion de transferencia (Vs frente a Ve) indicando el

valor exacto de los puntos de corte con los ejes de abcisas y

ordenadas
2. Dibujar la forma de onda V's(t) si Ve es una triangular de 6 V (pp)

y un nivel de continua de 3 V (frecuencia de 100 Hz)
DATOS: #Vsat =13V, Vref =5V, a=0.1, R=1 k2

0O

Ve e O
V
l (1-a)R l

Vref T

v 18




T8P9. Ex January 2011. P3.
Para generar una senal cuadrada a partir de una senal senoidal Ve se

dispone del circuito de la figura (Vcc = 15 V).
1. Si el potenciometro esta en su posicion intermedia, analizar el circuito y

representar la funcion de transferencia.
2. Representar la evolucion temporal de Vs, si Ve es una senal senoidal de

valor medio nulo, frecuencia 1 kHz y amplitud de pico 10 V.
3. ¢, Como podria regularse el ciclo de trabajo de la senal de salida?.
4. Representar la senal de salida para las posiciones limite del

potenciometro.
+Vcc

1V R
. NN R\ Vs
/ ® @
AAA% +
Ve R /-Vcc

(1-a)4R
a4R§




T8P10. Lab Exp 5. Representa la funcion de transferencia
R3=10 k2, P3=500 kQ, a,=0.9, tVsat=£15V

+15
+15
N R3
. NN Va
N -|- + 4
— mAN——] -
Ve . R3
-15 oy = 1 (1-a;)P3
= / 05
. 83'P3

20



T8P11. Ex January 2009. P3.

1. Indica los valores que puede tomar Vo y Vs.

2. Dbuja la funcion de transferencia.

3. Representa graficamente la evolucion deVo yVs si Ve es una
senal senoidal de 10 V de pico y 10 Hz, y valor medio nulo.
DATOS: Vec=x15V, VZ1=VZ2=56V, Vref=2V

+Vcc
’kl\ Vo R Vs
N + W
R A P
Ve AN A | -Vcc
R 1 MV X po
Vref ANN— R

N

21



T8P12. P36. Se desea realizar el control de temperatura de un invernadero. La
tension de salida proveniente del sensor de temperatura es Ve. La salida Vs

debe ser compatible con TTL 5V.
+15

R
Ve O aaaAY > R,
‘ . AN O Vs
Vref
a; R, | (1-a4)R,

1..De qué tipo de circuito se trata? — =
2. Dibujar la funcion de transferencia

Datos: R=10 k2, R,=10 kQ, a,=0.5, R,=10 kQ, a,=0.5, Vz1=Vz2=5V, Vref=1V.
3. Dibujar la evolucion de Vs si Ve es una senoidal de 10 V (pico) sin nivel DC.

4. Calcular los limites entre los que puede variar a, para que Vs sea un tren de
pulsos (es decir, para que exista ciclo de histéresis). Considerar: R=10 kQ,

R1=10 k@, R2=10 k<, a,=0.5, Vz=5V,, Vref=1V

/N Vi1

15 (1ay)R,

=

az'RZ SZ VD2

22



T8P13. Ex June 2005. P2.

1. Expresion de la tension V1
en funcion de V2 en el
dominio frecuencial y
temporal.

/A A R1
2. Expresion de Vx en funcion|_,\,

de V1y V2.

3. Valores de Vx y V2 para los
que se produce la
conmutacion del AO2

4. Dibujar la evolucion
temporal de V1 y V2

5 ¢ Qué tipo de circuito
constituye la etapa de salida?
6. Representa graficamente la
funcion de Vs/V1

/. Representa graficamente la
evolucion de Vs y V1

Datos: R1= R2= R3= R4= R5
=1kQ C1=10nF, Vec =15V

R5§

23
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Hysteresis comparator

V+ (12V)

T8P14. Represent
the transfer

SET HYSTERESIS |
- ———

. oV |

function i e :I/ 94% |

V< vs l |
(Vs | 6—|—w.—$-03+\ 1 Vs
Tempel’al‘ure) HEATING v 7

: REF-02 | AD8561
And explain the ELEMENT 3 see (O 2"“’ 3 6
. | NOTE 1 -
operation | R1
1.3k{)
R4=20 k(2 PR S —— I
- (1.5k(2)
oo | 0.58 V4+10 mV/eE-(T-25°C,
2N2222 :I—wv
1,

AD8561. Comparador L
DIGITAL OUTPUTS

Logic “1” Voltage Vou Iog = 50 pA, AV > 250 mV 3.5 A%

Logic “1” Voltage Vou Iog =-3.2 mA, AV > 250 mV 2.4 3.5 A%

Logic “0” Voltage VoL Ior. = 3.2 mA, AV > 250 mV 0.25 0.4 \Y%




T8P15. P39. Disenar un requlador de temperatura para un sistema
de calefaccion basado en el siguiente circuito

T [0...100°C] Vcce
AD Ve [0...10V] 'i‘(cc Ve -
+__ -Vcc
E_ 1 §R Calefactor

N ~

Si T<21°C, Vs debe poder cerrar el interruptor T y el calefactor se
activa. Si T >21°C, el calefactor se desactiva.

1. Calcula el valor de E y dibuja la funcion de transferencia Vs=f(T).
2. ;Qué problema tiene este circuito? Dibujar la curva de la T2 en
funcion del tiempo para explicarlo. Proponer un esquema
alternativo de modo que la temperatura nunca supere los 23°C y no
sea inferior a 19°C. Disenar cada uno de los elementos del sistema
propuesto. 25



T8P16. Lab Exp 5. Justificar porqué al conectar C2 y R4 a la salida

del circuito, se obtiene un regulador de DC

. Como podemos variar el nivel de DC? R4= 470 k2, C2 = 560 nF

+15

(1-a3 )'P3

a3 ‘P3

26
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Oscillators

VccC

U.(t) amplitude and fixed
frequency (f

OSC)
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Multivibrator (oscillator based on OA)

vﬂ ui
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Multivibrator

T8P17. Obtain the expression of the oscillation frequency as a
function of R, C, P. and a

Lchc Vs

N
> °

-Vcc

I
1l
O
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Multivibrator

T8P18. Explain how the net Rs-Zeners modifies the
multivibrator features (frequency and amplitude of Vs)

+Vcc Rg Vs
|; : ’SZ, Z2

-Vcc
R
/ZE/ Z1
N

2 L,
P

a-

N\
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Multivibrator

T8P19. Explain how the net of resistors R1 y R2 with diodes
D1 and D2 modifies the multivibrator features (frequency and
amplitude of Vs)

Vs

-VVcc

A D1 ¥ D2

VvV
MV
| |—e
|
(@)

a-P
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Multivibrator

T8P20. Calculate the frequency and amplitude of the output
signal




T8P21. Ex June 2010. P3.

1. ;Entre qué valores oscilara la tension de salida del operacional?
2.;Entre qué valores variara la tension de salida Vs?

R1

AN
10 k

107

~~_6
e

RO
ANNN

OVs

560

3. Representa la evolucion de la tension en
bornes del condensador y de Vs. Calcula la
frecuencia de Vs

Datos: £+ Vecc =+ 15V, D3 y D4 (Vz=35V, V=1

V) (D1 y D2 ideales)

R4
10 k



T8P22. Lab Exp 5. Obtén la expresion de al frecuencia de
oscilacion

a, P2
\/\JWO J
o1g  (132)P2

34



T8P23. Lab Exp 5. Si Vs1 tiene

un ciclo de trabajo del 50 % y
una frecuencia de1 kHz,
representa la evolucion de Ve

y Va (a;=0.9)

P2

e}

+15

(1-a,)- P2

e

—0 Vs,
D1 /N Y D2
a,-P1
R1 § !
(1a,)Pi] ©

+15

Ve

Va

/g . (1-a;)-P3
a;P3 T
35
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Integrated Multivibrator LM555

Astable configuration (oscillator)

Vee (+5 to +15V)
[ 1

sl 4
Ra
'I —_ —_ —_
I .
Discharge
e —— i
< RB 555 3 » Astable
Astable Output
< ,
o Trigger
1 6
Mr Threshold
t-|t2| ' 5 1
WT =c ==C2
0.01uF oV

C - CAPACITANCE (.F)

The charge time (output high) is given by:
t, = 0.693 (Ry + Rg) C

And the discharge time (output low) by:
t, = 0.693 (Rg) C

Thus the total period is:
T=t +1=0.693 (Ry+2Rg) C

The frequency of oscillation is:
1 1.44

f=—=

T (Ra + 2Rp)C

100

NN w
1 NN N NN

) \(\% q,(}ak(f duty cycle
HEANRRN

0.001 {RA?ZRB) \\\\\\\

0.1 1 10 100 1k 10k 100k
f — FREE-RUNNING FREQUENCY (Hz)
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Precision Rectifiers

Half wave rectifier
Vg =V, forv,>0
Vo =0forv,<0

Full wave rectifier
Vo = |V

V]

AV,

K

VI—P

QU

<

> VO

N/
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Precision Rectifiers

Half wave rectifier
Unacceptable for some

applications

+ —
7 — YV .
’;;[m} >= plout) — "pln) 0.7V

SOLUTION:
Direct polarizing voltage (~0.7 V) included in the negative
feedback loop of the OA.
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Precision Rectifiers

Half wave rectifier with OA

Superdiode

T8P24. Analize the circuit
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Precision Rectifiers

Half wave rectifier with OA

® W —OVo

T8P25. Analize the circuit
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Precision Rectifiers

T8P26. Obtain th etransfer function v, versus v,

VA
RIZR RQZR R3:R/2 RSZ.R
¢ —N— —N——N—
Vi + D2 _v_\
D, Virw \
o ¢ o y e—o0 "0
= +
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Precision Rectifiers

T8P27. Obtain the transfer function v, versus v,
R,=R,=1 k02, R;=100 k2, R;= 0.5 kQ

Rz

N
\ 4
s
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Precision Rectifiers

APPLICATION
Electromyography (EMG)

band-pass rectifier low-pass
raw EMG signal
4 . 6 6
= 2 | = 4 = 5 > 1
Eo 3 E 2 E 4 E o
-2 3 %o e §;°
= 7 | = = 2 =
S -43 S -2 S S o / EMG act1v1ty
-6 -4 0
2 4 6 8
Time [s] Time [s] Time [s] Tlme [s]
EMG band-pass rectified

filtered
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Precision Rectifiers

APPLICATION
Sound level meter (Sound pressure level L)) Q

L, = 20log;, (ﬁ) dB
Po

p is the RMS value of the sound pressure

ALIMENTACION
CONVERSION A
MICROFONO |} s upLiFicACiOn FLRADO  [»{COMVERSIONAL /™ "cscain [ visuALIZACION
ELECTRET VALOREFICAZ | | | oGaRimMICA

l ]

ANALOG AD736
DEVICES SECTION *

AN

com I

VS

@)

+ ouT
Low Cost, Low Power, " H: s _
True|RMS-to-DC Converter RECTIFERT] cOoRE | L 780 e T ™

CAV

sal

o]
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Precision rectifiers

Obtain the transfer function V,, vs V,,

R3=1 kQ, R2=10 k2, R1=2 kQ, LM741C, Vcc=+15V
D1: VAK=O'7 V R2
Represent v, , when
v,,=1+3-sen (27-100-1)

Vout



T8P26. P37. Se desea realizar la rectificacion de una sefial senoidal, asi como su atenuacion. En el
circuito de la figura, suponiendo todas las resistencias iguales a 1 k{2, los diodos ideales y una tension de

entrada senoidal de Ve = 8-sen(wt) V. Calcular:

1. Tensiones V, y V, y su representacion en funcion del tiempo, para cada uno de los semiperiodos de la
tension de entrada.

2. Tensiones V, y V, y su representacion en funcion del tiempo.

3. Tension de salida V,y su representacion en funcion del tiempo.

4. ¢Qué ocurre si quitamos los diodos D, y D, ?, éTienen alguna utilidad?

R,
AV
A5V
Ry
A > b, R, V. R Ry
B . AN AN AN
1 -15V
’i/ N o,
+5V )
e 1 -
X a8 v
Ve — = L 0
- +5V +5V 1
/N Dy )
= ™ D; Vv, R Rg
R, = A v

AN ( \A

15V R
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Logarithmic converters

+2 +1 4]
| | | | | | | | | | |
5 —4 3 -2 -1 0 1 2 3 4 5
| I | I | | | I | | I
00001 000l 00l 01 1 1000 10.000

/ v U

x100 x10 x10
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Logarithmic converters

wa—-140  The logarithmic scale is used when the range
00T 15 of the signal is big, several magnitude orders
-120  (eX. Sound level)

10 000 000 —
— 110 = Sound Meter (O |

— 100

1000 000 — 5 V

— 90

100 000 — -__,

}|CEm)
ML“\_L‘

i)

10 000 —

Ta reset the values,
hald your finger an the middle of the wheel.

— 40

1000 — |30 m] mj
50 0 V I:-f' | amfiog

—— =L B

i 4 { \
100 — & TS T =
e L A | 7
— 10 g U o T i 40
20 20

1] a
20 —%-0 0 Sec 15 Sec 30 Sec
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Logarithmic converters

out /7 < IDEAL
ACTUAL
) G e )
|
!
|
|
|
K = |
|
|
|
+ |
| i
T ACTUAL ! | In (Vin)
) |DEA|—\,/ Vref 1O.\/ref 1O().\/ref
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Logarithmic converters

. D_MI‘_AD_O V;)ut
V,=mKT/q



ANALOG ELECTRONICS — Unit 8. Non linear applications with OAs

Logarithmic converters

ID = Diode current
Is = Inverse leak current
Q = Electron charge = 1.6:10-19 C
m = Ct exp, 1(Ge),2(Si)
K = Ct Boltzmann, 1.38042:10-23
T = Temperature Kelvin
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Logarithmic converters

Transdiode Configuration
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Logarithmic converters

VCE = VCB + VBE

VCB = 0= VCE=VBE

Configuration transdiode VS = —VT ] In
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Logarithmic converters

BURR - BROWN®

LOG100

—Vee g—"* ,
i C; Vour
O K=1
4
O K=3
? 7 5kQ 5
6 %241@ ;O K=5
e o= 2700 I9ke Scale
Com 1(5]— Vour = KLOG il VYW ¢ ¢ O Factor

I, 2 Trim
\_\;’ é) 220Q Resistor values nominal only;
laser-trimmed for precision gain.

N




ANALOG ELECTRONICS — Unit 8. Non linear applications with OAs

Normalized Output Voltage (V)

Logarithmic converters

NORMALIZED TRANSFER FUNCTION

|
Vour = K Log l—;

o
Current Ratio, —-

| 2
| |

0.001 0.01 0.1 1 10 100 1000

|—'—l

6 décadas (1 nA... 1 mA)
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Logarithmic converters. Application

Light source

= Spectrophotometer
Direct e
light g .
0 100
¥ /_( y,
Percent light
transmitted
Blank Light-sensitive

detector

Scattered light
| that does not
reach detector

Percent light
transmitted

G
)

Bacterial suspension
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Logarithmic converters. Application

57

Absorbance=log(A4/ A,) ¢/ Ve
K-log(l/12)=Vour

= 7
— ® C)
+
Sample/( \ A
w [ 14 LOG100 Vour
L _
@& - 14 10 O
Light A»
Source VD, 6 i5 J;I 3 %
\/ Cc
i .
N\
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Logarithmic converters

[=1=] et _ LOG112
LOG2112

R, R,
\Y = (0.5V)LOG (I./I
LocouT = ( ) (14/15) c N\/\ . \/v\/\
Vos =K (05VILOG (Iyly) K =1+ RyR; ¢ —
ve v +IN3 | ZIN3
l Q LOGOUT ¢—
LOG112

— L Nl B B 7

s radh \ +— |
= A

p— |2 1
— /
RREF .
VREF
Vrer L
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Logarithmic converters

[=1=] et _ LOG112
LOG2112

R, R,
\Y = (0.5V)LOG (I./I
LocouT = ( ) (14/15) c N\/\ . \/v\/\
Vos =K (05VILOG (Iyly) K =1+ RyR; ¢ —
ve v +IN3 | ZIN3
l Q LOGOUT ¢—
LOG112

— L Nl B B 7

s radh \ +— |
= A

p— |2 1
— /
RREF .
VREF
Vrer L
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Antilogarithmic converters

R
D1 l AN
Ve . >
‘ | P O VS
D2

Ve
Vo =-Rige'

. = Inverse diode leak current
V:=K*T/q thermicvoltage
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Antilogarithmic converters

_VCC — . . _Vln/K
T Vour =L gerRee
9
1 7 —
.
|
CD i LOG100 Vour
% 14 10 -
6 4)5 |4 3 %
O
R
AN
+Vee [ Cc=0.01pF

Viy© H
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Logarithmic converters. Application

Resistance vs. lllumination

Resistance
R (Q)
E‘" Dark Daylight Sunlight
10 . . . _. |
: | | L X R R T 100 1000
| R o ]/L Illumination (lux)
| |
| |
| | L log R oc (—log L)
| | |
10 : : | lllumination
>
| | [ 10° {LUK}
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Antilogarithmic converters

LOG100 (Burr Brown)

R
MV
: Vo V, =V *ekViV)
\ 4 : W
i Deun k=R,/(R,+R,)
Rref o F .
\; W\ > /R;N\, A R1 Vr=RVref/ Rref
ref 1t * —AW—e
NV % R2(T) Vi




P42. Las seiiales Vil y Vi2, provenientes de dos fotodetectores son sefiales de respuesta exponencial y
para llevar a cabo la linealizacion de éstas, se ha implementado un convertidor logaritmico diferencial en
el cual se compensa el efecto de la temperatura:

1. Expresar Va en funcion de Vil y de la Temperatura.

2. Expresar Vb en funcion de Vi2 y de la Temperatura.

3. Expresar Vc en funcion de Vil y Vi2 y de la Temperatura.

4. Expresar Vo en funcion de Vil y Vi2 y de la Temperatura, considerando que RT es una resistencia
variable linealmente con la temperatura.

5. Justificar la utilidad de este circuito.

Se supondran los siguientes datos como constantes:
Constante de Boltzman K

Carga del electron

Corrientes inversas de los transistores.

Q1

R1 +Vccl

Vi1 - Va

-Vcc

Q2

R1 +Vcc

-Vcc

Vi2
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Convertidores log-antilog

. N > H ANALOG Real-Time Analog
Aplicacion: multiplicadores DEVICES Computational Unit (ACU)
| AD538 |
l E 18| A
V, —25k0 VvV V —VZ
VZ Z =
npuT O 12 ] o oY Vx
B E E Iy
Vv
+10V |4 15— O:L"PUT
SIGNAL
v 3 E GND
INTERNAL <7 PWR
VOLTAGE — GND
+15V 6 REFERENCE AD538 &5 13]
\Y ¢
-15V 7] ouTPUT 2]
w- IN4143T
VO P 4 w IY
°_|: ANTILOG —
OUTPUT L
\Y; v
1E LOG e O \NPUT




	Unit 8. Non linear functions with OAs
	Contents
	Introduction: linear system
	Introdution: nonlinear system
	Non linear functions with OAs
	Comparator
	Threshold detector
	Threshold detector
	Número de diapositiva 9
	Threshold detector
	Threshold detector
	Hysteresis comparator
	Hysteresis comparator
	Hysteresis comparator
	Hysteresis comparator
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Oscillators
	Multivibrator (oscillator based on OA)
	Multivibrator
	Multivibrator
	Multivibrator
	Multivibrator
	Número de diapositiva 33
	Número de diapositiva 34
	Número de diapositiva 35
	Integrated Multivibrator LM555
	Precision Rectifiers
	Precision Rectifiers
	Precision Rectifiers
	Precision Rectifiers
	Precision Rectifiers
	Precision Rectifiers
	Precision Rectifiers
	Precision Rectifiers
	Precision rectifiers
	Número de diapositiva 46
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters
	Logarithmic converters. Application
	Logarithmic converters. Application
	Logarithmic converters
	Logarithmic converters
	Antilogarithmic converters
	Antilogarithmic converters
	Logarithmic converters. Application
	Antilogarithmic converters
	Número de diapositiva 64
	Convertidores log-antilog

