
GENERALINTEREST

88 Elektor Electronics 7-8/2003

Basically, the dB is a relative unit, expressing
the ratio of two values using the same unit:
– the value being measured
– a clearly defined and indicated reference

value.

A logarithmic scale is used to make it easier to
handle otherwise unwieldy numbers. For
example, the ratio of 0.0000316 V to 1 V is
expressed as: –90 dB.

Difference between dB 
for voltage and dB for power
dB (voltage) = 20 log10 (U / U0)

In this formula, U0 represents the reference
voltage. Consequently, a value of +6 dB
means a doubling of the voltage, since 20
log10 (2) = 6.

dB (power) = 10 log10 (P / P0)
In this case, P0 is the reference power level.
Doubling the power equals a +3 dB increase.

Oddball dB’s?
dBV expresses the ratio of two voltages using
1 Vrms as the reference level. Because the
signal source is assumed not loaded, the unit
has no relation to impedance (remember, the
‘V’ in ‘dBV’ stands for volts).

dBV = 20 log10 (U / 1 Vrms)
0 dBV = 1 Vrms

–10 dBV = 0.316 Vrms

This is the standard unit in hi-fi
audio design and specification, as
well as with some manufacturers
like Tascam.

dBV = dBu + 2.2 dB

Table 1 shows the corresponding
voltage values at different levels,
expressed in dBV.

dBv = dBu
Because the unit dBv could easily be
confused with dBV, it is often
replaced by the less ambiguous
‘dBu’.

The units dBv and dBV are not
equivalent or equal.

dBv = 20 log10 (U / 0.775 Vrms)
0 dBv = 0.775 Vrms

dBu expresses the ratio of voltages,
using 0.775 Vrms as the reference
level. Because the signal source is
assumed not loaded, the unit has no
relation to impedance (u = unloaded
or unterminated). 

dBu = 20 log10 (U / 0.775 Vrms)
0 dBu = 0.775 Vrms
+4 dBu = 1.23 V

This is a frequently used level in pro-

fessional audio equipment.

dBu = dBV – 2.2 dB

Table 2 shows the relation between
dBu values and voltage.

dBj expresses the ratio of voltages
using 1 mVrms as the reference
level. Because the signal source is
assumed not loaded, the unit has no
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Table 1. 
dBV/voltage conversion

dBV Voltage (V) dBV Voltage (V)
+1 1.112 –1 0.891
+2 1.259 –2 0.794
+3 1.413 –3 0.708
+4 1.585 –4 0.631
+5 1.778 –5 0.562
+6 1.995 –6 0.501
+7 2.239 –7 0.446
+8 2.512 –8 0.398
+9 2.818 –9 0.354
+10 3.162 –10 0.316
+20 10.00 –20 0.100
+30 31.62 –30 0.031
+40 100.0 –40 0.010
+50 316.2 –50 0.003
+60 1000 –60 0.001
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Therefore, a 100-watt amplifier can be said to
deliver +20 dBW, since 10 log10 (100/1) = 20.
Similarly, a 1-kW amplifier delivers +30 dBW
to the loudspeakers, and a combination of a
transmitter and an antenna system may pro-
duce +40 dBW = 10 kW effective radiated
power (ERP).

dBk is a power ratio using 1 kW (1,000
watts) as the reference level. This unit, too, is
used to compare amplifier performance (‘k’
from ‘kilowatt’)

dBk = 10 log10 (P / 1 kW)
0 dBk = 1 kW

dBi in RF engineering expresses gain over an
isotropic (hypothetical, sphere-shaped) refer-
ence antenna.

dBd in RF engineering expresses gain over a
dipole antenna.
0 dBd ≈ +2,15 dBi

dBPWL indicates the ratio of acoustic pow-
ers, allowing for the reverberation time in a
closed space (‘PWL’ from ‘PoWer Level’).
dBPWL = 10 log10 (P / P0)

where P = effective power level (in watts)
and P0 = 10–12 W = 1 pW.

However, you’ll find that the unit dBSWL
is more commonly used.

dBSWL = dBPWL
(‘SWL’ from ‘Sound PoWer Level’) 

dBSPL indicates a ratio of an acoustic sound

relation to impedance.

dBj = 20 log10 (U / 1 mVrms)
0 dBj = 1 mVrms

dBr allows the reference voltage to
be specified (‘r’ for reference).

dBr = 20 log10 (U / U0)
For example, 0 dBr = ‘dBre +4’ =
1.23 Vrms = +4 dBu

dBVU expresses the ratio of voltages
with the reference level freely chosen
and clearly specified. This unit helps
to pinpoint a discrete level or a cer-
tain range on a measuring instru-
ment. For example, a low-pass filter
may be used with the measurement.
Remember, VU = volume unit. The
unit is typically used
- with radio, to indicate 100% modu-
lation level;
- with analogue tape recorders, to
indicate the ideal operating area
depending on the magnetic tape
being used. It then corresponds to a
certain magnetic flux level
expressed in Wb/m — This is not the
highest permissible signal level;
- with digital tape recorders, to indi-
cate the level above which distortion
occurs.

dBVU = 20 log10 (U / U0)

0 dBVU is a reference level at which

the needle of a VU meter indicates 0.
Table 3 shows some reference val-
ues.

dBm expresses a ratio of powers
using 1 mW as the reference level
(‘m’ is from ‘mW).

In audio engineering, 0 dBm
equals 1 mW into an impedance of
600 Ω. 

dBm = 10 log10 (P / 0.001 W)

The corresponding voltages are eas-
ily extracted using

U0 = √(P0 Z0)

Normally, 0 dBm = 1 mW into 600 Ω
= 0.775 Vrms, this is proved by

U0 = √(0.001 W × 600 Ω) = √0.06 =
0.775 V

In RF engineering, 50 Ω is the more
commonly used impedance (because
of the typical impedance of coax
cables and connectors), so 0 dBm =
1 mW into 50 Ω.

dBW expresses a power ratio using
1 watt as the reference level. This
allows easy comparison of output
levels produced by power amplifiers
(‘w’ from ‘watt’).

dBW = 10 log10 (P / 1 W)
0 dBW = 1 W

Table 2.
dBu/voltage conversion

dBu Voltage (V) dBu Voltage (V)
+1 0.869 –1 0.690
+2 0.975 –2 0.615
+3 1.095 –3 0.548
+4 1.228 –4 0.489
+5 1.377 –5 0.435
+6 1.546 –6 0.388
+7 1.735 –7 0.346
+8 1.946 –8 0.308
+9 2.183 –9 0.274
+10 2.450 –10 0.245
+20 7.750 –20 0.0775
+30 24.50 –30 0.0245
+40 77.50 –40 0.0075
+50 245.0 –50 0.00245
+60 775.0 –60 0.000775

Table 3. 
Subjective perception of sound pressure levels
Surroundings dB SPL Perception

Rocket launch 180
30 m from a military jet plane at takeoff; rifle shot at 100 m 140
Pain threshold, pneumatic press; large siren op 1 m distance 130 Unbearable
At 60 m from a plane taking off; machine room of an ocean liner 120
Old subway, sewing shop 110
Maximum level in a discotheque 105 Very loud
Book/magazine press, train on steel bridge; small fireworks 100
Building site, average level of a hifi set 90
Very busy road; alarm clock at 1 m 80
Loud radio, busy street 70 Noisy
Conversation in a restaurant; large shop 60
Office; normal conversation at 1 m 50 Quiet
Bedroom; buzz from conversation at 2 m 40
Normal conversation at 3 m, buzz at 5 m 30
Recording studio; rustling leaves 20 Very quiet
Desert 10
Absolute hearing threshold 0



pressure level and a reference pressure (‘SPL’
from ‘Sound Pressure Level’)

0 dBSPL = 0.0002 dynes/cm2

= 0.00002 N/m2

= 0.0002 µbar = 20 µPa

dBSPL = 20 log10 (SPL / SPL0)

where SPL = the effective pressure in Pa and
SPL0 = 20 µPa (in air).

From this we could be lead to believe that a 6-

dB increase in sound pressure means
‘twice as loud’. This is not the case,
however, because psychoacoustics
has shown human hearing response
to be frequency as well as pressure
dependent (physiological curve, loud-
ness). For reference purposes, Table
3 lists the sound levels of a few typi-
cal sound-related phenomena.
dBA expresses the ratio of acoustic
pressure and a reference level (SPL
= Sound Pressure Level) using an A-
weighted filter.

In Table 4 you find the frequency-
dependent attenuation of an A-
weighted network relative to the 1-
kHz reference frequency.

dBFS represents the maximum per-
missible voltage level before clipping
(or limiting) occurs (‘FS’ from ‘full
scale’).

The full-scale value depends on
the A/D and D/A converters applied.
It is established by applying a 997-
Hz digital signal and measuring the
resultant analogue voltage, observ-
ing that (THD+N) < –40 dB
(THD+N = Total Harmonic Distor-
tion plus Noise).

Some typical dynamic ranges:

16-bit converter: –96 dBFS
20-bit converter: –120 dBFS
24-bit converter: –144 dBFS

0 dBFS is the maximum level with
digital audio equipment — all
applied signals need to stay well
below this level.
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Table 4. 
A- (acoustic-) weighted filter coefficients
f in Hz dBA f in Hz dBA f in kHz dBA f in kHz dBA
10 –70.4 100 –19.1 1 0 10 –2.5
12.5 –63.4 125 –16.1 1.25 +0.6 12.5 –4.3
16 –56.7 160 –13.4 1.6 +1 16 –6.6
20 –50.5 200 –10.9 2 +1.2 20 –9.3
25 –44.7 250 –8.6 2.5 +1.3
31.5 –39.4 315 –6.6 3.15 +1.2
40 –34.6 400 –4.8 4 +1
50 –30.2 500 –3.2 5 +0.5
63 –26.2 630 –1.9 6.3 –0.1
80 –22.5 800 –0.8 8 –1.1

Elektor Electronics (Publishing) does not provide parts and components
other than PCBs, fornt panel foils and software on diskette or IC (not nec-
essarily for all projects). Components are usually available form a number
of retailers – see the adverts in the magazine.

Large and small values of components are indicated by means of one of
the following prefixes :

E (exa) = 1018 a (atto) = 10–18

P (peta) = 1015 f (femto) = 10–15

T (tera) = 1012 p (pico) = 10–12

G (giga) = 109 n (nano) = 10–9

M (mega) = 106 µ (micro) = 10–6

k (kilo) = 103 m (milli) = 10–3

h (hecto) = 102 c (centi) = 10–2

da (deca) = 101 d (deci) = 10–1

In some circuit diagrams, to avoid confusion, but contrary to IEC and BS
recommandations, the value of components is given by substituting the rel-
evant prefix for the decimal point. For example,

3k9 = 3.9 kΩ 4µ7 = 4.7 µF

Unless otherwise indicated, the tolerance of resistors is ±5% and their rat-
ing is 1⁄3–1⁄2 watt. The working voltage of capacitors is ≥ 50 V.

In populating a PCB, always start with the smallest passive components,
that is, wire bridges, resistors and small capacitors; and then IC sockets,
relays, electrolytic and other large capacitors, and connectors. Vulnerable
semiconductors and ICS should be done last.

Soldering. Use a 15–30 W soldering iron with a fine tip and tin with a resin
core (60/40) Insert the terminals of components in the board, bend them
slightly, cut them short, and solder: wait 1–2 seconds for the tin to flow
smoothly and remove the iron. Do not overheat, particularly when solder-
ing ICS and semiconductors. Unsoldering is best done with a suction iron
or special unsoldering braid.

Faultfinding. If the circuit does not work, carefully compare the populated
board with the published component layout and parts list. Are all the com-

ponents in the correct position? Has correct polarity been observed? Have
the powerlines been reversed? Are all solder joints sound? Have any wire
bridges been forgotten?

If voltage levels have been given on the circuit diagram, do those mea-
sured on the board match them – note that deviations up to ±10% from
the specified values are acceptable.

Possible corrections to published projects are published from time to time
in this magazine. Also, the readers letters column often contains useful
comments/additions to the published projects.

The value of a resistor is indicated by a colour code as follows.

color 1st digit 2nd digit mult. factor tolerance

black – 0 – –
brown 1 1 ×101 ±1%
red 2 2 ×102 ±2%
orange 3 3 ×103 –
yellow 4 4 ×104 –
green 5 5 ×105 ±0,5%
blue 6 6 ×106 –
violet 7 7 – –
grey 8 8 – –
white 9 9 – –
gold – – ×10–1 ±5%
silver – – ×10–2 ±10%
none – – – ±20%

Examples:
brown-red-brown-gold = 120 Ω, 5%
yellow-violet-orange-gold = 47 kΩ, 5%
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