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Decibels & Logarithms
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Decibel — a unit defined by a logarithmic expression that is
commonly used to define the levels of a variety of
parameters including voltage gain, field strength,
energy, and sound pressure.

Logarithm — a quantity representing the power to which a fixed
number (the base) must be raised to produce a
given number.

Given: A=B"

Then: X =logg A




Logarithms

Commonly used logarithms include:
X =log,, A A=10"
X =log, A A=¢

Notes: log, A=2.303-log,, A
log, A=In A

Logarithms

For example:

if then

107 =0.001 log,, 0.001 =3

107 =0.01 log,,0.01=-2
107 =0.1 log,,0.1=—1
10° =1 log,,1=0

10' =10 log,,10=1
10% =100 log,,100 =2

10° =1000 log,,1000 =3




Logarithms

Logarithms are commonly utilized in order to:

* Plot the response of a system across a wide range of values
that may be impractical if using a linear scale

* Compare levels of voltage or power without having to deal
with very large or very small numbers that might otherwise
obscure important details contained within the data

* Predict the operation of a system that has a non-linear
response to stimuli in a logarithmic manner

* Determine the response of a cascaded or compound system
provided that the gain of each stage is known in a
logarithmic manner.

Semi-Log Plot

The following plot utilizes a logarithmic scale for its x-axis:
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Logarithmic Scales

A semi-log plot is often utilized to display the frequency response
of an electrical system.
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Logarithmic Scales

To find the specific value of a point plotted on a log-scale:

* Measure the distance, d,, between the plotted point and the
closest major division to the left of the plotted point.

* Measure the distance, d,, between the closest major division
to the left of the plotted point and the next major division.

S
26
[

o

L

d

p=10"-10" N T T T




Logarithmic Scales

To find the specific value of a point plotted on a log-scale:

* Measure the distance, d;, between the plotted point and the
closest major division to the left of the plotted point.

* Measure the distance, d,, between the closest major division
to the left of the plotted point and the next major division.
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Properties of Logarithms

* The Log of one (1) is always equal to zero (0).

log,,1=0 log, 1=0 log,1=0

* I[f (A>1) then the Log of A is positive.
log,,2000=3.3 log, 5=1.61

* [f (A<1) then the Log of A is negative.
log,,0.5=-0.3 log,0.1=-2.3

* Additional properties include:

log,a-b=1log,a+log,b log, % =log,a—log,b  log,a’=b-log, a




Bels & Decibels

Power Gain
Bel (B) — a base unit defined as a logarithmic ratio of powers:
P
B =log,, F?

Decibel (dB) — a logarithmic ratio of powers that is commonly
utilized in order to define the gain (increase) in
power P, compared to power P;.

dB:10~B:10-10g10%

1

Properties of Decibels

* [f P, = P,, then the decibel gain is zero.
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“‘ 10-10g10mzlo-logml:lo-O:OdB

(]

.‘.: « If P, > P,, then the decibel gain is positive.

D)

o:: 10-log,, 250mv\\//v ~10-log, 4=10-0.6=+6 dB
m

* [f P, < P,, then the decibel gain is negative.

ImwW
10-1o
&0 T oomw

=10-log,, 0.01=10-(-2) =—20 dB




Properties of Decibels
* [f P, = 2"+ P,, then the decibel gain is n*(+3dB).

P=1mW P =32mwW=2"-1mW 10-log10%=+15dB=5-(+3dB)
m

* [f P, = %" P,, then the decibel gain is n- (-3dB).
P =200W P =25W =(1)-200W 10-log ﬂ=—9dB=3-(—3dB)
1 1 2 10 200W

* [f P, = 10" P, then the decibel gain is n*(+10dB).

* [f P, =10"-P,, then the decibel gain is n*(-10dB)

)=

dBm

dBm — a specific value of power, relating to a power P, (mW), but
expressed in terms of the decibel gain of P, compared to a
reference power of 1mW.
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P
dBm=10-log,, —2—
glolmW

For example — convert a power of +6dBm to a mW value:

P
+6dBm=10-log,, —2—
glolmW

+6

P,=1mW-10"° =1 mW -4 =[4 mW




Decibel Example

Output Power. 18,
Average value 160 Jet engine

v | dBs=10-log,——
130 0.0002 pbar
1 lul Community sifen
1 I‘“ Jackhammer
Threshold of pain 1 20— Live music concert, iPods and MP3 players at full volume
|
300 —110  Health club, movie theater
100— | Chain saw
30—100  Very loud music, motorcycle
10— |
3— ulu Loud music, heavy truck, subway train
(=
03— alll Orchestra, highway traffic, alarm clock
01—

003 — 70 3}
001 — | }A\rngrulmrvul.mn
0.003 — o | Quiet music Dynamic range = 120dB,

0001 — |
00003 — 50 Average residence, computer system

40 Background music

illl Quict office, computer hard drive
]lu Whispering

I:Il Faint sounds, paper rustling

0.0002 gibar of pressure — 0— Threshold of hearing

Typical Sound Levels and their Decibel Values

Voltage Gain

Voltage Gain (A,) — a ratio of voltages that is commonly utilized
in order to define the gain (increase) in
voltage V,,, compared to voltage V,,,.

_ VOut
A \Y

In

For example — is an amplifier has a voltage gain A, = 8, then:

Vin et | A1 = 8 | e Voout Voth = A/ 'Vln :8~V

In




dBv

dBV — a logarithmic ratio of voltages, expressed in terms of
decibels, that is commonly utilized in order to define the
gain in the power supplied to a resistive load R by
voltage V, compared to the power supplied to the same
resistive load R by voltage V.

PZ V?Z V22 V2 2
dB = 10-10ng: lO-long = 10-10g10v—2 =10-log,, v 20-log,,
1 R 1 1

V2

1

V
dB, =20-log,, =
Vl
For example:
)
“.
“‘ V,/Vi dB = 20 log,q (V,/V))
) | 0dB
L 2 6dB
()

) 10 20dB
..“ 20 26 dB
) 100 40 dB
““ 1.000 60 dB

100,000 100 dB

\Y
dB, =20-log,, V—2

1




Filters

A filter is a combination of elements that is designed to select or

reject a band of frequencies.

Passive Filters are filters composed of series and/or parallel
combinations of passive elements (R, L, and C).

Active Filters are filters that employ active electronic devices,
such as transistors or operational amplifiers, in combination

with passive elements.

Filters

There are four primary categories of filters:

Low-Pass Filters
High-Pass Filters
Band-Pass Filters

Stop-Band Filters

Vmax
0.707Vmax |-

Vmax foeeee

0.707Vmax

VY max

0.707V max

Vmas
0.707V max
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R-C Low-Pass Filter

The following combination of elements can be utilized to create a
R-C Low-Pass Filter:

- JX¢
vV, =V . 3°C
3 JV}:\, i out in R—jxc
C T~ !
o o A/ :Vout _ JXC
Vin R- JXC

R-C Low-Pass Filter

The R-C Low-Pass Filter has the frequency response shown to
the right:
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R-C Low-Pass Filter

The cutoff frequency for the filter is defined to be the frequency
at which the output voltage is 0.707x its peak value.

v,
o M o
+ R +
V;
C~ Vo V, = 0707V, - === ===
|
]
= = I
o o 0 \
- == S —— -
Pass-band  Jc Stop-band f(log scale)
c =
2-7-R-C

R-C Low-Pass Filter

At low frequencies, the capacitor acts like an open-circuit:

AAA

o YVv o
+ R J:, +
! V. =V, =V.
! ¢ : VOUt Vln
o T o

o AV o

R -
v, V,=0V Vout =0
o o

12



R-C Low-Pass Filter

The following plots show the voltage gain and phase response
of the low-pass filter:

vn ]

A, = V.

0 (V, leads V)
Pass-band £ Stop-band

T [f(log scale)

R-C Low-Pass Filter Example

Determine the voltage gain and phase response of the following
low-pass filter.

The OC output voltage and

| A | voltage gain are defined by:
vm@ C=15nF \Y — ch

h Vout :Vin ’ -
-|- R—JX.
A/ =Vout - jXC
Vin R- JXC

and the cutoff frequency is:

1 1

f, = = 5 =1061Hz
2:7-R-C " 2-7-10000-15-10

13



R-C Low-Pass Filter Example

The voltage gain and phase response plots for the circuit are:

0.707 )
R=10kQ
.
Vin@ C=15nF Vout

FRRRU SRORRRY ISR e " S RN B I
o s : 1061 Hz T—— :
100Hz 1. BKHz 10KHzZ 100KHz 1. 0tiHz
+ U(Uout}/ U(Vin)

1061 Hz

186Hz 1.8KHz 10KHz 100KHz 1.08MHz
+ UP(Vout)

Frequency

R-C Low-Pass Filter Example

Determine the response of the low-pass filter if a 10kQ load is

() added to the circuit:

.‘.

..‘ The OC output voltage and
.‘. A J_ voltage gain are defined by:
(1) - ) Russ= 7

.‘. vm@ C=15nF Vout § 10kQ V. =V P

() R+Z

. p

& '

oo A = Vou __ %

. ® V, R+Z,

where:

Zp :_jxc H RLoad




R-C Low-Pass Filter Example

The voltage gain for the circuit with the 10kQ load is:

Vin

a 213 +
a
106Hz 180KHz 1. 0MHz
+ U{Uout)/ U{Uin)}
Frequency

Notice that the cutoff frequency
feoc) 1061 Hz has increased from 1061Hz
foiok Loaty = 2130 Hz when open-circuited to 2130Hz

with the 10kHz load.

D)
G
Py
1
o 5
>
5
<
MN
Py
1
g

R-C Low-Pass Filter Example

If the load resistance is increased to 100kQ, the voltage gain for
the circuit is:

R =10kQ -l-
+
Rioad =
Vir f'b C=15nF Vout §

Load — 1
o 10kQ P I N170°Hz . |
100Hz 1.6KHz 10KHz 100KHz 1. 0HHz
+ U(Vout)/ U(Uin)

Frequency

D)

Notice that the cutoff frequency
fo(oc) #1061 Hz has decreased to 1170Hz.
fegiokLons) = 2130 Hz

If R, .4 >> R, the response of the
fe 100k Loaay * 1170 Hz filter will resemble the filter’s
OC response.




R-C High-Pass Filter

The following combination of elements can be utilized to create a
R-C High-Pass Filter:

R
I( Vout = Vin -~ .
f, N 4 R- ch
> "
v Rg Vv,
& = A/ — Vout R
Vin R- JXC

3

R-C High-Pass Filter
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‘ .o‘o The R-C High-Pass Filter has the frequency response shown to
‘.“‘ the right, the cutoff frequency for which is also defined to be the
.‘. frequency at which the output voltage is 0.707x its peak value:
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R-C High-Pass Filter

At low frequencies, the capacitor acts like an open-circuit:

C O O O
+ +
v R V,=0V Vout =0
(o2 O

R-C High-Pass Filter

The following plots show the voltage gain and phase response
of the high-pass filter:
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Band-Pass Filter

The following combination of elements can be utilized to create a
series-resonant Band-Pass Filter:

Pass-band filter

1
f =
* 2-m-4/L-C
v R szvout_ R
T RER 4 X — X V. R+R_+ X - jX¢

Band-Pass Filter

A Band-Pass Filter could also be created by cascading a High-Pass
Filter and a Low-Pass Filter:

o— —o0
B ; +
High-pass Low-pass
filter filter
V. v
O O

max

070w

L
0 h f; to £ NS !
(High-pass) (Low-pass)

18



Band-Pass Filter Example

Note that, when cascading a High-Pass Filter and a Low-Pass Filter
to create a Band-Pass Filter, the actual cutoff frequencies will
vary from the individual cutoff frequencies due to the interaction
between the cascaded filters.

1.19 MHz

o
10KHzZ 180KHz 1. 81z 18HHz
High-pass Low-pass + U(Uout)/ U(Vin)

filter filter Frequency

! =106 kHz

T =5 2R G, f ~ 88 kHz

Ic(actual)

fewe :; =995 kHz fuc(actual) ~1190 kHz
2.7R,C,

Band-Stop Filter

A series-resonant Band-Stop Filter can be created by reversing
the positions of the elements used in the Band-Pass Filter:

Band-reject filter

V.

0

1
f =
2-7w-4/L-C
V. —V . R+ X — JX¢ A/:th: R+ X — JX¢
out in R+RL+jXL—jXC Vin R+R|_+jX|_—jXC

19



Band-Stop Filter

A Band-Stop Filter could also be created by paralleling a High-Pass
Filter and a Low-Pass Filter:

1, (low) v,

ﬁ Low-pass
filter
fo 1 (low) v"uu\
e = BW
[eSm—

= — 5 0707V, - ----
o = e fax ‘ ‘
t £, anh) : :
High-pass v | |
Vi I filter — & . : : ‘
f» (high) = fi f Jo f; f» [ (log scale)
i = i (Low-pass) (High-pass)

Bode Plots

Bode Plots are the curves obtained for the magnitude and phase
response (versus frequency) of a system.

Idealized Bode Plots utilize straight-line segments to efficiently
estimate the frequency response of a system.

There is a quick technique for sketching the frequency response
of a system on a decibel scale that provides a good method for
comparing the expected decibel levels at different frequencies.

20



R-C High-Pass Filter

Lets look back at the R-C High-Pass Filter.

The formula for the voltage gain
can be rewritten as:
o I'( O
f' 5 A - Vae _ R
" g N Vin R—JX¢
o -0 B 1
1 -] Xe
fo o R
° 2.7-R-C 1
o
27-f-R-C

2

R-C High-Pass Filter

Lets look back at the R-C High-Pass Filter.
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Additionally, The formula for the
voltage gain can be rewritten as:

I
: I\
' c - _Vout _ 1
v, R% v, A = V., - |- J;
5 27-f-R-C
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R-C High-Pass Filter

Given the voltage gain for a R-C High-Pass Filter:

_VOLIt_ 1
ARV

2

R-C High-Pass Filter

If the magnitude of the voltage gain is expressed in decibels:

™
]
—

'-
age s
S

[Av] =2010g,,|A |

the result will be:

1

()]
|

‘&‘dB =20log,,

=20log,,1-20log,,

2\2
1+[f°J]
f
i)
:0—2010g10[1+[f°] ]




R-C High-Pass Filter

Additionally, the decibel voltage gain can be rewritten as:

1

2\2
f
|A/|dB =2010gw[1+(7°] j
f 2
——%-2010g10[1+(T°J J
f 2
=-10log,,| 1+ TC

3

m
]
—

18,0202 %258
2D T0se. 2e~evy
20 02 2% % 0

R-C High-Pass Filter

Given the decibel voltage gain function:

fY
|A,|dB ——1010g10[1+(Tj }

when f << f_,

and:

2
f, f
Ao = —101og10[7] - —2010g10(TJ - +2010g10[—

c

IJ

23



Bode Plots

Thus, given the decibel voltage gain function ( f <<f,):

f
|A\/ |dB(f<<fc) =+20 10&{}7}

c

if then
f=f, 20log,,(1) = 0dB
f = 0.5f, 20l0g,,(0.5) = -6dB
f = 0.25f, 20l0g,,(0.25) = -12dB
f=0.1f, 20l0g,,(0.1) = -20d
Bode Plots

Note that, given the decibel voltage gain function ( f <<f,):

f
|A\/ |dB(f<< 0 +20 logl{f_]

C

For every decrease in the frequency by a factor of 0.5 (one octave),
there will be a 6dB decrease in the gain, and

For every decrease in the frequency by a factor of 0.1 (one decade),
there will be a 20dB decrease in the gain.

Thus, an ldealized Bode Plot can be drawn for the gain function
because the dB change per octave or decade is constant.

24



Bode Plots

The Bode Plot for the decibel voltage gain function is:

f
|A\/ |dB(f<<fc) =+20 10&{}7}

c

Ay g (linear scale)  Idealized Bode plot
o L L/ 20log,y | = 0dB
o 4 2 (fi| 25 3£ 58 10f /
0 ‘L 1 L -_I L L
) I 77777‘77 - "q\_l dB f(log scale)
o q e s Actual frequency response
s -6 dB/octave or -20 dB/decade
Ty [ SR—— -7dB
15k
~18
=20 ——
20 “+20logy, L

Bode Plots

Additionally, the phase response may be drawn as:

0= tanl(Lj
f

Difference = 5.7

6(V,, leads V)
8 =90

20

~———

H i :
f. £ f 10f 100f.  f(log scale)
&£ d \U =0 b

25



R-C Low-Pass Filter

Given an R-C Low-Pass Filter, the decibel voltage gain ( f >>f,)
can be written as:

f
° W ° |A/|dB(f>>fc) - _2010g10(f_
c
cE=
" ; resulting in the following Bode Plot:
dB X
f = 1 0.1 kHz 3 ;jkm SJI:.IIflln:_f\c;ﬂcl III(I’I:III.
¢ 2 /A R * C o | e {Ju’d’i}l’u’lt’l;‘;”” o 3}—(}&5 y E flog scale)
e B B S S e 1 dB difference :
p Vo ] 2l | o
fe] — = requency
15 response
Vin 1+ J L 18
f it (assuming f, = 1kHz)
24 I
‘ dB
(]
.‘. 1 £
o) Low-pass: —————  EEp» ]
® L X /
1 + j# 3 dB
.‘. e -6 dB/octave (for increasing f)
()
. (a)
L 1)
.‘.
““ dB
.“. - I ; 0dB
Q) High-pass: ———— » -
.“ 1 + J,;’:_ -3dB J
““ +6 dB/octave (for increasing f)
.“ (b)
]




Sketching Bode Plots Example

Given:

A,
07074, -

Sketching Bode Plots Example

Given:

1

N 200 Hz B O
1-] 41— 1+ ] |1+ ]
f f 10 kHz 20 kHz

HPF + HPF + LPF + LPF

i
= o
(==}
oo
»
=
-
o

2 3 4567891 23 4 567891 2
z|_| [100 Hz_|200 Hz, 1 kHz 10 kHz | 20 kHz 100

— ]

3B LT BW

.

-6 dB| = <
- \k\ ™
3 ~, |

—12dBp 7 g/

%

age®: 9
826.8'
~

20dB

{4
)
e




3-Way Crossover w/ 6dB per Octave

oap: 100 Hz
A 3B
o
= Lisw = 3.3 mH A
v, 80 E> woofer (low frequencies)
o 5 5
_L_ r 0dB -:r.m:ll.' hklllir
Y e R 3
L I
c I\” F Luia =270 uH
= ? d =< - : H
mid =50 3 “E’ mid-range (middle frequencies)

gip; 2 KHE

A ~-3dB
I

.
Clli-\:h=3-9!-‘|'

80 Eq tweeter (high frequencies)

Idealized Bode Plots for VVarious Functions

Function Al Flat Phase Plut
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