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A simple to use, precision, mains powered 
instrument for fast , accurate graphic record
ing of DC signal levels and waveforms etc. 
Its writing system accepts push fit fibre 
pens and has electrostatic paper hold ac
cepting most kinds of paper up to A4 DIN 
(8 ,3 by 11 ,7 in) size , Fifteen calibrated 
sweep sensitivities from 20 J.N to 

11 V / mm may be selected which may be con
tinuously adjusted between settings, For 
automatic recording of frequency re-
sponses and analyses with remote 
frequency scanning of signal generators 
and frequency analyzers , a sweep genera
tor with nine calibrated sweep rate settings 
from 0 ,2 to 100 mm / s (8 ,34 to 
4170 mV I s ) is built-in , 

, ~ Bruel & Kjcer 
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This apparatus has been designed and tested according to class I of lEe Publication 348, 
Safety Requirements for Electronic Measuring Apparatus, and has been supplied in safe 
condition, The present instruction manual contains information and warnings which 
should be followed by the user to ensure safe operationaRd to retain the apparatus in 
safe condition. 
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FEATURES: 

• Very fast slewing speed of 
1000 mm / s with less than 
1 % overshoot 

• Floating and grounded 
input modes . Reversible 
polarity . 1 MO impedance 

• High common mode 
rejection 

• 15 calibrated X-V 
sensitivity ranges from 
0,02 to 1000 mV I mm 
with variable range 
adjustment 

• 9 calibrated sweep rates 
from 0,2 to 100 mm / s 
available with internal 
sweep generator 

• Adjustable X-V zero offset 
for recording both positive 
and negative signal 
excursions 

• Versatile remote voltage 
controlled tuning and 
synchronization 
capabi I ities. 

• Large 185 by 270 mm 
(7,25 by 10,6 in) writing 
area. Accepts most kinds 
of paper up to A4 (DIN) 
size 

• Electrostatic paper hold 
and pen down functions 
on one selector switch for 
fast , straight forward 
operation 

• Disposable fibre pens 

• Automatic pen lift in event 
of power failure 

• Motor overload protection 
with LED warning lights 

• Rack or bench mounting 

, 9- 243 

USES: 
Automatic and semi-automatic 
recording of : 
• DC signals 
• Amplitude , frequency and 

phase responses 

• Frequency analyses 

• Waveform and Lissajous 
plots 

General Description 

x-v Recorder Type 2308 is de
signed for fast . accurate. linear DC 
recording of slow and rapidly chang 
ing voltages . Its outstanding dy
namic performance and versatility . 
combi ned with its simple and 
st raightforward operation . make it 
the ideal Recorder for most labora -

type 2308 

x-v Recorder 

_ _ ,-7" .. r '- , Y 
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tory work where accu rate. ha rd 
copy . graphic plots of DC signal le 
vels . waveforms . frequency re 
sponses and analyses are required . 

The 2308 is housed in a robust. 
easily transported . lightweight me
tal cabinet that may be rack or 
bench mounted in either vertical or 
horizontal planes. Its writing system 
has a large. 185 by 270 mm (7.25 
by 10.6 in) writing area with elec
trostatic paper hold that firmly grips 
most kinds of paper up to A4 (DIN) 
size. It accepts push fit. fibre tipped 
pens that provide a sharp . clean 
trace without messy handling prob
lems . The pen and the pen carriage 
are driven by low inertia. servo mo
tors which are fully protected 
against excessive drive current and 
overloads . These give a maximum 
slewing speed of 1000 mm / s with 
overshoot less than 1 % of full 
scale . 
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Fig.1. Block diagram of X-V Recorder Type 2308 

Both the X and the Y channels of 
the Recorder have high input imped
ance, floating BNC inputs with nor
mal and inverted input modes. 15 
calibrated sweep sensitivities be
tween 0,02 and 500 mV* /mm may 
be selected which may be continu
ously adjusted between settings. 
The overall record linearity and ac
curacy obtained is better than 0,1 % 
and 0,2% of full scale, respectively. 

The 2308 also has a built-in 
sweep generator. This may be used 
to control the X or Y sweep of the 
Recorder and has 9 sweep rate set
tings between 0,2 and 100 mm/s, 
plus "Forward", "Hold", "Reverse" 
and "Reset" modes. 

For automatic recording of fre
quency responses and frequency an
alyses etc., the ramp voltage output 
of the generator may be used to 
remotely tune voltage controlled 

2 

Y channel also includes a 1000mV/mm 

sensitivity setting 

types of frequency analyzer and sig
nal generator. Separate zero set 
and ramp set controls permit syn
chronous tuning with the X or Y 
sweep of the Recorder and enable 
zero and full scale pen deflections 
to be set anywhere within the 185 
by 270 mm writing area. 

Power for the 2308 may be pro
vided by any 100, 115, 127, 200, 
220 or 240V (50 to 400 Hz) AC 
mains supply. 

Electrical Description 

The X and Y channels of the 
2308 Recorder are virtually identi
cal. Each channel acts as a servo 
controlled recording voltmeter. The 
X channel controls the horizontal 
sweep of the pen carriage, whilst 
the Y chanrtel controls the vertical 
sweep of the pen, This is illustrated 
by the block diagram of the Recor
der shown in Fig. 1 . 
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The X and Y channels have identi
cal inputs. These are on the top 
panel of the Recorder and are for ap
plication of external sweep signals 
They accept standard coaxial input 
cables with BNC plugs and are float
ing with centre connector and 
screen isolated from chassis. An alt
ernative set of inputs is provided on 
the rear panel, together with termi
nals and sockets for connecting the 
X and Y Signal ground lines of the 
Recorder to chassis. 

The inputs have a maximum com
mon mode input voltage rating of 
50 V pk (in accordance with IEC 
R 348). but can withstand test vol
tages as high as 300 V,Pk without 
breakdown. AC and DC common 
mode signal rejection is better than 
110 and 130 dB respectively, de
grading by 20 dB/decade decrease 
in channel range sensitivity from 
0,02 mV/mm. 
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Input Section 
For a high input impedance of 

1 MO, with minimum sensitivity to 
temperature and line voltage varia
tions, the X and Y channels have 
dual FET, differential amplifier input 
stages. These have precision thick 
film attenuator and feedback net
works regulating their gain, which 
with the RANGE switches provided 
may Qe switched enabling 14 cali
brated sweep sensitivity settings be
tween 0,02 and 500 mV Imm to be 
selected with each channel. The 
RANGE switches also include a 
1000 mV Imm Y channel sensitivity 
setting and a 41,7mV/mm X chan
nel "Cal" sensitivity setting; the lat
ter permitting synchronous record
ing of frequency responses and anal
yses on frequency graduated paper 
when using B & K Signal Genera
tors and Frequency Analyzers with 
the Recorder. 

The final stage of the input sec
tion is a unity gain amplifier. This 
may be switched using the POLAR
ITY switches to provide an output 
signal in phase or 1800 out of 
phase with the input signal and 
thus may be used to reverse the di
rection of the X and Y sweep. So 
that full scale sweep or pen deflec
tion can be made to correspond 
with any particular input level,a 
GAIN potentiometer is provided at 
the output. This has a click-stop 
"Cal." position and is for continu
ous adjustment of sweep sensitivity 
between range settings. 

To prevent the writing system of 
the Recorder responding to mains 
frequency or other AC components 
which may be present with external 
sweep signals, the channels are de
signed with an upper limiting fre
quency of 25 Hz. 

Zero Set and Check 
In order that zero deflection on 

the X and Y axes may be individu
ally set anywhere within the writing 
area, the sweep Signal from the in
put section is combined with a DC 
offset voltage from the ZERO SET 
potentiometers of the channels. Ne
gative as well as positive offsets up 
to three times full scale deflection 
may be applied so that zero deflec
tion may be adjusted to correspond 
with virtually any input level, as 
well as, enabling both positive and 
negative amplitude excursions to be 

recorded. For checking the position 
of zero deflection when setting up 
the Recorder, there is a ZERO 
CHECK push button at the input of 
each channel. 

Writing System 
The writing system has separate 

drive motors and servo potentiome
ters for the X and Y sweep of the 
pen. The voltage at the contact 
slider of the potentiometers is de
pendent on the pen position and is 
detected and compared with the 
sweep signal voltage. After amplifi
cation, the difference voltage is ap
plied to the drive motors, moving 
the pen and potentiometer contact 
sliders until zero difference voltage 
is produced. The direction of motion 
depends on the polarity of the differ
ence voltage, which for a maximum 
slewing speed of 1000 mm/s is 
made velocity dependent by differen
tiating the potentiometer contact 
slider voltage. For resettability and 
record accuracy better than 0,1 and 
0,2% of full scale respectively, the 
servo potentiometers are conductive 
plastic types which have an excep
tionally good linearity and long ope
rating life. 

To prevent damage to the writing 
system, servo clamping rapidly dec
elerates the pen and pen carriage. 
so that they do not bang against the 
ends of their guide runners when 
full scale sweep is reached. Also an 
analogue of the motor armature 
temperature is monitored which au
tomatically shuts down the power 
amplifiers in the writing system and 
lights an overload warning LED, if 
the pen or pen carriage sweep is 
mechanically inhibited. 

Internal Sweep Generator 
The X and Y channel inputs may 

be individually switched to connect 
them with an internal sweep gener
ator. This has "Forward", "Hold", 
"Reverse" and "Reset" control func
tions and produces a DC ramp vol
tage from a potential divider. The 
sweep speed is determined by the 
slope of the ramp which may be 
switched using the SWEEP RATE 
knob of the generator. This has 9 
calibrated sweep speed settings 
from 0,2 to foo mm/s which are 
for recording on B & K frequency cal
ibrated paper when the "Cal." 
mode of the X channel RANGE 

switch is used. When other RANGE 
switch settings are employed sweep 
speeds from 8,34J.1m/s to 
834 mm/s may be selected. 

For automatic recording of fre
quency responses and analyses 
etc., the sweep generator ramp vol
tage is made available at a DIN 
socket on the rear panel of the Re
corder. This may be used to rem
otely tune the types of frequency an
alyzer and signal generator shown 
on page 6. 

Since tuning of the instruments is 
voltage controlled, a relatively sim
ple electrical remote control cable 
may be used instead of mechanical 
drive couplings. Also setting up is 
made exceedingly simple as the an
alyzer or generator may be tuned to 
the required starting frequency sim
ply by adjusting the AUX. RAMP 
SET potentiometer of the Recorder. 
When preprinted, frequency gradu
ated recording paper is used,' the X 
sweep of the pen may be synchron
ized with the frequency sweep of 
the analyzer or generator simply by 
adjusting the ZERO SET and GAIN 
potentiometers of the Recorder. Fur
ther, if analyses covering a very nar
row or very wide frequency range 
are to be recorded then the X chan
nel RANGE switch may be used to 
expand or compress the recording 
so that it fills the complete width of 
the recording paper. 

Control Functions 
"Power Off", "Standby", "Paper 

Hold", "Servo On" and "Pen 
Down" control functions are on one 
selector switch on the Recorder. 
This permits fast, straight forward 
setting up, making it virtually impos
sible to select control functions in 
the wrong sequence. 

For automatic recording, a "Pen 
Down" remote control line is avail
able at one of two rear panel DIN 
sockets which also have control 
lines for remote control of the X 
sweep of the Recorder and for rem
ote tuning of frequency analyzers 
and signal generators. A~tomatic 
pen lift ensures that recordings are 
not spoilt if the power line, is inad
vertently disconnected whilst record
ing. 

3 
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Bench and Rack Mounting 
The 2308 is available in A and C 

models. Model A is the 2308 
mounted in a lightweight metal cab
inet suitable for free standing bench 
use, whilst model C is similar to 
model A, but with the addition of 
flanges for mounting the 2308 in a 
19 inch instrumentation rack. If ne
cessary, the rear panel sockets may 
be conveniently shifted to the bot
tom panel so that they are readily 
accessible when the 2308 is rack 
mounted. 

Accessories 

Pens 
The 2308 is supplied with a 

pen set QI 0003. This contains 2 
black, 2 red and 2 green fibre 
tipped pens. Extra pens in single or 
multi-coloured sets of 6, are avail
able on separate order. See Specifi
cations. 

Recording Paper 
Almost any kind of paper up to 

A4 (DIN) size, may be used. How
ever, in order that recordings of fre
quency analyses, frequency and 
phase response etc., may be quickly 
and easily interpreted, it is gener
ally convenient to use frequency 
graduated paper. For this purpose 
the preprinted recording paper 
shown in the scheme opposite may 
be employed. 

Recording paper QP 1000 and 
QP 1002 have logarithmic and lin
ear frequency scales respectively, 
which match frequency analyzers 
and signal generators with a contin
uous frequency sweep, whilst QP 
1001 has a logarithmic frequency 
scale matching frequency analyzers 
and filters with discrete octave and 
third octave frequency sweep. Like 
QP 1000 which is supplied with 
the 2308, QP 1001 and QP 1002 
are available separately in 200 
sheet booklets. 
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Auxiliary 
X and Y sweep 
Input -------, 

sockets 

Provision for grounding SWEEP IN
PUT socket screens 

Fast acting servo controlled pen and 
pen carriage for accurate response 
to rapidly changing input voltage le
vels. Overshoot less than 1 % 

Push fit, fibre tipped pens provide 
thin, well defined trace without 
messy handlillg problems 

Large, 185 by 270 mm (7,25 by 
10,6 in) writing area with electro
static hold, firmly grips most kinds 
of paper - European and American 
size 

Remote control sockets with ramp 
output for voltage controlled fre
quency tuning of Frequency Analyz
ers and Signal Generators etc. 

All rear panel sockets may be conve
niently shifted to bottom panel for 
rack mounting of the 2308 

I ...--------_ .. _-------_._-

OP 1000 

PP 1001 

PP 1002 
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Built-in sweep generator with 9 cali
brated sweep speeds, lets you 
sweep X or Y scales as well as tune 
external Frequency Analyzers and 
Signal Generators 

" Normal ", "Hold" , "Reverse" 
sweep modes with push-button 
"Reset" mode . Remote selection of 
"Hold " and "Reset" also provided 

r- ' .... ·~ 

~. -.. 

15 cal ibrated sweep sensitivity 
ranges let you compress or expand 
the sweep so that the recorded sig
nal fills the complete writing area 

Gain control with click-stop "Cal." 
position for continuous adjustment 
of sweep sensitivity between ranges 

"Normal" and "Inverted" input 
modes 

Motor 
overload 
warning 

-,., ... J <Ii ' 
Sweep Rate 

mm/s 10 5 Pen Down 

20 

Power . 

Function 
SMctor 

"Power 
Hold" , 

Off" , "Sta ndby", 
" Servo On" and 

'·Paper 
"Pen 

Down" functions at the turn of a 
single switch 

RAMP SET control for adjustment of 
auxilliary ramp offset. Lets you rem
otely tune external Frequency Anal
yzers and Generators so that their 
start frequency corresponds with 
the start frequency on the recording 
paper 

ZERO SET control permits zero on 
the X and Y sweep axis to be set 
anywhere within 3 x writing area , 
enabling both positive or negative 
signal excursions to be recorded 

EXT . SWEEP input with floating and 
grounded modes 

"I nt" and "Ext " sweep modes. " Int " 
selects built-in sweep generator 

5 
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Measuring Amplifiers, Voltmeters etc. 

Filters 

2609-2610'-2636' 
Measuring Amplifier 

1617 
Band Pass Filter 

Octave and Third Octave 
1,6 Hz to 160 kHz 

Control Cable AO 0034 

Frequency Analyzers 

2010' 
Heterodyne Analyzer 

3,16; 10; 31,6; 100; 316 
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2 Hz to 200 kHz 
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[~i:1 .---= 
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~ ~ 
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.. 
--= == == ... 
• • 

2031' -2033' 
Real Time Narrow Band 

Analyzer Bandwidth 0,25% 
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• 

.-- - ------- --'" 
12 Remote 1 I 
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X Y Recorder 

• 0 

2020 

• 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Frequen~y Sweep I 
via 

1023. 1027 I 
1901 or 2010 I 

I 
I 

Heterodyne Slave Filter 
3,16; 10; 31,6 and 100 Hz Bandwidths 

10 Hz to 20 kHz 

I 
I 
I 

x Y Rec. 
Output 

•• -,., -II 
• !J.: :.:.:.:.:-:: 

2131' 
Digital Frequency Analyzer 
Octave and Third Octave 

1,6 Hz to 20 kHz 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - fo7inst. belownO:-669811)- - - -- ------------ - -1 
Control Cable AQ 0034 

Signal Generators 
Control Cable AO 0034 

~~ ; ~.~ rfu~.' ~itr.I~.I.i.~ - -'- o;~;~o; ~ 1 Out .... ---1-0-2....;7'--.....;~ 
Sine Generator I Sine Random Generator 

10 Hz to 20 kHz 12Hz to 200 kHz 

Special Control Cable WL 0340 

Freq. 
Control 
Volt 

Out 
1047 

Exciter Control 
5 Hz to 10 kHz 

I 
I 
I 

Remote I 
Sweep I 
Control 
-l I 

4 I 
I Special I 
I Comrol I 

~n~o~ble AO ~34 t:.modify) ___ 1 Control Cable AO 0034 ("modify 
- fOr inSi:belowno:-'706243) - - - --------~-~~-) 

Control Cable AO 0034 

Other I nstru ments 

liESi 

iio) ~. 

1901 
Tracking Freq. Multiplier 

for 2010 and 2020 

Control Cable AO 0034 

Control Cable AO 0034 

6302 
Waveform Retriever 

Control Cable AO 0034 

, Lin-Log Converter -" Option ,. Disconnect lines to pins 1, 3, 4, 5, 6 and 8 of control cable plug 

Control Cable AO 0034 

•• X Y Rec ••• 
Control .: ..... . 

,~~.,~~-~, 
7502 

Digital Event Recorder 

Special Control Cable 

710993/1 

Fig.2. B II< K range of measuring and analyzing instrumentation which may be used with the 2308 X-V Recorder 
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Examples of Use 

The range of B & K measuring 
and analyzing instrumentation 
which may be used with the 2308 
is shown in Fig.2. 

It should be noted that the linear 
record .range of the 2308 may be 
adjusted to suit almost any DC sig
nal, whatever dynamic range it re
presents. However, if signals are to 
be plotted with a linear dB scale, 
giving the same detailed resolution 
over the entire paper width, then 
they must be recorded from the DC 
output of a measuring or analyzing 
instrument that includes a Lin-Log 
converter. 8 & K instruments that in
clude this facility are shown in 
Fig.2 and are indicated by an aster
isk * beside their type number. 

Level Recording 
Using the 2308 any function 

which may be converted to a DC vol
tage may be recorded. For example 
with the internal sweep generator 
controlling the X sweep of the pen' 
and the Y channel connected to a 
suitable measurement transducer 
and/or measuring' instrument 
equipped with a DC output, sound 
pressure, - vibration acceleration, 
velocity and displacement - strain 
- load - temperature variations 
etc. may be recorded as a function 
of time. The slowest calibrated 
sweep rate which may be selected 
is 0,2 mm/s, giving up to 20 min
utes of uninterrupted recording. 

Waveform Plots 
The 2308 has a very fast slewing 

speed of 1000 mm/s. It can there
fore respond to relatively fast chang
ing input voltages, enabling a wide 
variety of voltage waveforms to be 
plotted. However, for recording 
waveforms with very rapid voltage 
excursions, the time scale of the 
waveform must be expanded before 
being applied to the 2308. For this 
purpose the Digital Event Recorder 
Type 7502 shown in Fig.2 may be 
employed. This is deSigned to cap
ture short duration events such as 
sonic booms, drop hammer noise 
and speech, and then reproduce 
them whenever desired with almost 
any speed transformation ratio, sui
table for recording their waveform 
or for frequency analysis. 

771126 

Fig.3. Waveform plots of exponentially decaying vibration signal recorded With the 2308 x-v 
Recorder 

Also shown in Fig.2 is the Wave
form Retriever Type 6302. This is 
designed to scan continuous signals 
and produces a DC analog of the sig
nal waveform, eliminating noise 
and other components not related 
to its fundamental. Sweep periods 
of 1 to 999 s may be selected for ex
panding the time scale of the repro
duced waveform for recording. De
tailed waveforms of bearing reson
ances, gear wheel meshing and tur
bine resonances can be plotted,. 
making the 6302 and 2308 a pow-

erful combination for machine fault 
diagnosis. 

Frequency Analysis 
B & K produces a wide variety of 

filters and frequency analyzers, 
most of which may be used with 
the 2308, enabling accurate, hard 
copy, graphic plots of frequency an
alyses to be obtained on frequency 
graduated recording paper. With the 
appropriate remote control cable 
connected (AQ 0034 unless other
wise specified. See Fig.2) the auxil-

Rtf. L..M1: ___ Ae<:. No.: __ ...... : ____ , __ _ 

.,. 

>I' 

--.. -,-------------------------
0''lOOO 111125 

Fig.4. Narrow band analysis of machine vibration recorded with the 2308 X-V Recorder 
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iary ramp output of the recorder 
may be used to tune the centre fre
quency of the analyzing instrumen
tation, or alternatively the analyzing 

X Sensitivity: 
0,02 to 500 mV/mm over 15 calibrated 
range steps. with variable adjustment 
overlapPing all ranges 

Y Sensitivity: 
0,02 to 1000mV/mm over 15 cali
brated range steps with variable adjust
ment overlapping all ranges 

Accuracy: 
0,2% of full scale 

Input Type: 
Floating BNC sockets on front and rear 
panels with provision for grounding 
socket screens 

Input Polarity: 
Normal and Inverted 

Input Impedance: 
1 MO with all ranges 

Common Mode Rejection: 
130 dB DC 110 dB AC (mains frequency) 
degrading by 20 dB/decade decrease in 
range sensitivity from 201'V/mm. Mea
sured with 1 kO source impedance 

Maximum Common Mode Voltage: 
50V peak (including DC component) in 
accordance with IEC R 348. but can with
stand test voltages up to 300 V peak 
without breakdown 

Slewing Speed: 
1000 mm/s - X and Y axes 

Maximum Acceleration: 
70 m/s2 - X axis 
100 m/s2 - Y axis 

Linearity and Resettability: 
0.1 % of full scale 

Overshoot: 
1 % of full scale 

instrumentation may be used to con
trol the X sweep of the recorder 
pen. In either case recording of fre
quency analyses may be made com
pletely automatically with frequency 

Specifications 2308 
Motor Overload: 

Overload indicators light and X-V motor 
drive disconnected when max. operating 
temperature of motors exceeded 

Sweep Rates: 
0,2; 0,5; 1; 2; 5; 10; 20; 50 and 
100 mm/s steps 
Accuracy: ± 1 % of full scale for all set· 
tingsexcept 0,2 mm/s which has ± 2% 
accuracy 

Sweep Modes: 
"Normal", "Hold", "Reverse" and 
"Reset" switch modes with "Hold" and 
"Reset" remote control lines available at 
rear panel DIN socket 

Output: 
DIN socket providing 1 0 V ramp for rem· 
ote voltage controlled tuning of fre
quency analyzers and signal generators 
Using the AUX. RAMP SET potentiome
ter offsets between -10 and + 1 0 V may 
be applied. For maximum output the mini
mum load impedance which may be con
nected is 100 kO 

Zero Offset: 
Zero on X-V axes may be individually set 
anywhere within writing area 

Writing Area: 
185 by 270 mm (7,25 by 10,6 In) 

Paper Size: 
A4 (DIN) size - 8,5 by 11 in 

Paper Hold: 
Electrostatic 

Pens: 
Disposable fibre tipped pen cartridges 
Colour - green. red or black 

Control Functions: 
"Power Off", "Standby", "Paper Hold". 
"Servo" and "Pen Down" selected in cor· 

correspondance between the analyz
ing instrumentation centre fre
quency and the frequency gradua
tions of the recording paper. 

rect sequence using one control switch 
"Pen Down", "Sweep Hold" and "Sweep 
Reset" remote control lines are available 
at DIN sockets on rear pan,,1 
AutomatiC pen lift In event power failure 

Environmental Conditions: 
Temperature: 0 to + 40°C (+ 32 to 
+ 104°F) operating -25 to + 70°C (-13 
to + 158°F) storage 
Humidity: 0 to 90% RH 

Power Requirements: 
100; 115; 127; 200; 220 and 240V AC 
± 10"10 (50 to 400 Hz). 20 VA. Complies 
with safety class I of IEC 348 

Cabinet: 
Supplied as model A (lightweight metal 
cabinet) or C (as A but with flanges for 
standard 19" racks) 

Dimensions: 
Height: 100,5 mm (3,96 in) 
Width: 430 mm (16,93 in) 
Depth: 266 mm (10.47 in) 

Weight: 
7,7 kg (1 7 Ib) 

Accessories Included: 
1 Power Cable AN 0010 
2 Input Adaptors for Banana Plugs 

JJ 0148 
2 BNC Plugs JP 0035 
2 8 pin DIN Plugs JP 0802 
6 Fibre pens: 2 black, 2 green 

2 red 01 0003 
200 Sheet Packs of Recording Paper OP 
1000 

Accessories Available: 
Set of 6 Black Fibre Pens 01 0004 
Set of 6 Red Fibre Pens 01 0005 
Set of 6 Green Fibre Pens 01 0006 
Recording Paper OP 1000, OP 1001 
and OP 1002 in separate 200 Sheet 
Packs 
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2. CONTROLS 

2.1 . TOP PANEL 

Fig. 2 . 1. Top panel of 2308 

2.1.1. Writing System and Sweep Generator 

FUNCTION SELECTOR: 

POWER LED: 

MOTOR OVERLOAD LEOS : 

Rotary switch for selection of the following functions : 

"Power Off". AC mains power is disconnected from the Recorder . 

"Standby". AC mains power is connected with servo drive set to 
standby, enabling pen carriage to be moved by hand ready fo r insertion 
of the recordi ng paper . 

"Paper Hold". Electrostatic paper hold operative with servo drive still 
in standby mode . 

"Servo On". Servo drive operative , but with pen lifted from recording 
paper, ready for adjustment of zero and full scale sweep of the pen us
ing the X and Y channel controls of the Recorder . 

" Pen Down". Record mode of 2308 . 

Red light. indic~ting Recorder is powered . 

Yellow lights indicating shut-down of servo drive when movement of 
pen and pen carriage is obstructed , caus ing therma l overload of drive 

9 
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; 

• 

Power Off 
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Selectol 

Fig. 2.2. Writing system and sweep generator controls of the 2308 

motors . To resume normal operation , remove the obstruction and wait 
for the Recorder to reset automatically when drive motor temperature 
falls within normal operating limits . 

SWEEP RATE mm / s: Rotary switch for selection of sweep rate when the internal sweep gen
erator is used to control the X or Y sweep of the pen and / or the fre
quency sweep of an external signal generator or frequency analyzer . 
For control of the X sweep, with the X-RANGE switch and X -GAIN con 
trol set to "41,7mV/ mm-Cal.", nine calibrated sweep rates from 0 ,2 
to 1 00 mm/ s may be selected. With other RANGE switch settings the 
sweep rate is as specified in Table 5 .2. 

SWEEP MODE: 

SWEEP RESET: 

AUX . RAMP SET: 

Paddle switch for selection of " Forward", " Hold" and " Reverse " 
modes of the internal sweep generator. 

Push button switch for resetting internal sweep generator back to start 
of sweep . 

1 0 turn potentiometer for adjustment of DC offset at auxiliary ramp 
output line of REMOTE II control socket on rear panel . Permits inde
pendent adjustment of start of frequency sweep when an external sig
nal generator or frequency analyzer is tuned using the internal sweep 
generator . See section 4 .3 . 

2.1.2. X-v Sweep Channels 

10 

The controls of one of the sweep channels of the 2308 are shown in Fig .2 .3. The X 
channel controls the horizontal sweep of the writing system pen carriage and the Y chan
nel controls the vertica I sweep of the pen . 

Renge 
mV / mm 2 h 

• • 

• , .. • 500 
0 ,0 2 4 \ 7 - Cat ~ Int 

Gein • E WI 

; 6 

• • 
Pot.rity .e.NO,"" 

Inv 

x 

Fig.2.3. X sweep channel controls of the 2308 
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INPUT: 

INT - EXT SWEEP: 

POLARITY: 

RANGE mV Imm: 

GAIN: 

ZERO SET: 

ZERO CHECK: 

2.2. REAR PANEL 

X Signal 
Ground 

CHASSIS X-V GROUND: 

INPUTS: 

Floating input socket accepting BNC cables and the Banana Plug Adap
tors JJ 0148 provided, for application of external DC signal to control 
the X or Y sweep of the pen. It has an input impedance of approxi
mately 1 MO and can withstand voltages as high as 300 V pk. How
ever, for safe operation in accordance with IEC 348 the input current 
of signals exceeding 50 V pk should be restricted to 0,7 rnA pk. Alterna
tively, the socket screen should be connected to chassis as in section 
3.1.4. 

Slider switch with "Int." and "Ext." modes for connecting the internal 
or external sweep signal to the channel input. 

Slider switch with "Norm." and "Inv." modes for reversing the direc
tion of the sweep. 

Rotary switch for selection of fourteen calibrated sweep sensitivities 
from 0,02 to 500mV/mm. The Y channel RANGE switch also has a 
1000 mV Imm setting, whilst the X channel RANGE switch has a 
"41,7 mV Imm - Cal." setting for calibrated X sweep with the internlil 
sweep generator. 

Single turn potentiometer, with click-stop "Cal." position for continu
ous adjustment of sweep sensitivity between range settings. 

10 turn potentiometer enabling zero pen deflection to be set anywhere 
within 3 times the writing area so that it corresponds with any re
quired input level. 

Push-button switch disconnecting internal and external sweep signal 
from channel input. Is used for checking pen position against that 
corresponding to zero chassis potential. 

Y Signal 
Ground 

x Y 
Input 

II 
Remote 
Control 

Fig. 2. 4. Rear panel of 2308 

Mains Mains 
Input Fuse 

Seven sockets, accepting the 2 pin connectors IN 0005 provt'dedfor 
connection of the XY INPUT socket screens to chassis. See Grounding 
Considerations, section 3.1.4. 

" 
Floating BNC input sockets for application of external sweep signal to 
control X or Y deflection of pen. Are connected in parallel with X-V IN
PUT sockets on top panel. 

11 
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Aux. X Ramp 
Input 

REMOTE I 

Ground 

Pen Down 
To activate apply 

TTL "0" or connect 
to ground pin 2 

Aux. Ramp 
Output 

o to 10 V 

Sweep Hold 
To activate apply 
TTL "0" or connect 

to ground pin 2 

REMOTE II 

Aux. Ramp + Ramp 
Offset Output 
- 10 to + 10 V 

r--t---o Remote Sweep Reset. 

Ground 

To activate apply TTL "0" 
or connect to ground 

pin 2 

Pen Lift Sync. 
TTL open collector 

Output 

180441 

Fig.2.5. External view of the REMOTE I and REMOTE /I control sockets of the 2308 

REMOTE I-II: Two 8 pin sockets accepting the DIN plugs (B & K No. JP 0802) pro
vided, for remote control of the Recorder, as well as for remote voltage 
controlled tuning of signal generators and frequency analyzers. For 
connections see Fig.2.S. 

MAINS INPUT: Input socket. accepting the Power Cable AN 0010 provided, for connec
tion of a 100, 115, 127, 200, 220 or 240V (50 to 400 Hz) AC mains 
supply. Before connecting a supply the mains voltage setting and fuse 
checks given in section 3.1 should be carried out. 

MAINS FUSE: Accepts an 800 mA slow blow fuse (B & K No. VF 0050) for 100 to 
127 V operation, or a 400 mA slow blow fuse (B & K No. VF 0039) for 
200 to 240V operation. 

12 
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3. OPERATION 

3.1 . PRELIMINARY 

3.1.1 . Mounting 

The X-V Recorder Type 2308 is available in A and C models . Model A is the 2308 in a 
lightweight metal cabinet suitable for free standing bench use, whilst model C is similar 
to model A. but has Flanges KS 0039 for mounting the Recorder in a 19 inch instrumen
tation rack . The Flanges KS 0039 are also available separately and screw onto the Re
corder in place of the carrying handles provided on its side panels . 

• 

Fig. 3. 1. The 2308 with Flanges KS 0039 fitted and rear panel sock
ets mounted on bottom panel for installation in a 19 inch 
instrumentation rack 

For easier connection of cables when the 2308 is mounted in an instrumentation rack, 
its rear panel sockets may be moved to the bottom panel . To do this stand the Recorder 
upright on its front panel and using a screwdriver, remove the two screws at the top of 
the rear panel and the four screws along the rear edge of the bottom panel . Having rem 
oved the two panels , carefully pull off the pen carriage drive cable clips from the black 
metal guard at the rear of the Recorder and remove the four screws fastening the guard 
to the sides of'the Recorder mainframe. Taking care not to damage the drive cable , care
fully ease out its plug from the socket on the side of the mainframe and remove th e 
three screws fastening the CHA?SIS X-V (SIGNAL) GROUND , X-V INPUTS and REMOTE 
I-II socket assembly , plus the two screws fastening the MAINS INPUT and FUSE assem
bly . Push both assemblies back into the Recorder and turn them through 90 0 so that 
they may be screwed to the socket mounting plate at the bottom of the Recorder . 

13 
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r--------- Screws fastenmg Dr ive Cabl e Guard --- -------, 

Screws faste n ing rear panel socket assemblies 

Fig .3.2 . The 2308 with rear and bottom panels removed for moun 
ting the rear panel sockets on the bottom panel 

For reassembly, fit the drive cable plug in its socket on the side of the Recorder main 
frame and pull back the spring steel guard band so it is parallel with the drive cable . 
Screw the free end of the guard band together with the black metal guard back onto the 
Recorder and replace the drive cable clips . Pull the drive cable and guard band taut, 
checking that they are parallel with one another and lay flat against the centre of the 
black metal guard. Before replacing the rear panel, fit it with the bottom panel socket 
cover plate and check that the drive cable clips do not interfere with the travel of the pen 
carriage. Finally replace the bottom panel. 

3.1.2. Mains Voltage and Fuse Selection 

14 

The 2308 may be powered from a 100, 115, 127, 200,220 or 240V (50 to 400Hz) 
AC mains supply. Before connecting the supply, the following checks and adjustments 
should be carried out, to ensure safe operation of the apparatus . 

Voltage Setting 

The mains voltage selector is mounted on the underside of the Recorder . To select the 
correct mains voltage setting, push a wide blade screwdriver through the hole just below 
that in which the voltage setting is displayed, and turn the selector until the correct 
mains voltage setting is indicated. 

Fuse Check and Replacement 

The mains fuse is contained in the black knob beside the MAINS INPUT socket on the 
rear panel. For operation from 100 to 127 V mains supplies, the fuse should be an 
800 mA slow blow (B & K No. VF 0050), whilst for 200 to 240 V supplies it should be a 
400 mA slow blow (B & K No. VF 0039). Make sure that only fuses with the required 
rated current and of specified type are used for replacement. The use of mended fuses 
and of short circuiting of fuse holders is prohibited. 

Supply Connections 

Once the mains voltage setting, and fuse have been checked, the mains supply may be 
connected to the MAINS INPUT of the Recorder using the Power Cable AN 0010 pro
vided. To fit a suitable plug to the cable see Fig.3 .3 . 
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Blu e 

Brown 

[ I I~ I J 
Green and Yellow 

Neutra l 

AC Power 
Supply 

LIve 

Protective Earth 
771018 

Fig. 3 . 3 . Connection of AC mains supply to the MAINS INPUT socket 
of the 2308 

For maximum operating safety it is recommended that the protective (green / yellow) con
ductor of the power cable be connected to a suitable earth. such as the protective earth 
contact of a mains socket outlet . The use of an extension cable without protective con
ductor shou Id be avoided. 

3.1.3. Internal Fuses 

In addition to the mains fuse . the 2308 also has a number of other slow blow fuses . 
These help protect the secondary windings of the internal mains transformer and need 
only be checked when a current overload has occurred with the common and X-V chan
nel supply lines of the Recorder . As indicated in Fig.3.4 the fuses are located just beside 
the ma ins transformer and are accessible on removing the bottom panel. This is fas
tened by four screws along its rear edge and should be removed only when the Recorder 
is disconnected from the mains supply. The correct replacement fuses are indicated in 
Fig .3.4. 

Y Channel C 
Fuses 

(VF 0050) ~.~~II:I 

X Channel C 
Fuses 

(VF 0010) ~<:;?~:l 

Common C 
Fuses 

(VF 0032) 

780430 

Fig. 3 . 4 . The 2308 with bottom panel removed showing internal pro
tection fuses 
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3 .1 .4. Grounding Considerations 

When using the 2308 in complex measurement set-ups, together with other mains pow
ered instruments , mains pick-up by ground loops may be introduced . To prevent this in
fluencing the stability of the Recorder and producing mains ripple on recordings , which 
may be a problem when operating with the X-V RANGE switches set for a high input sen 
sitivity , the 2308 and other instruments with which it is used must be properly 
grounded. To do this proceed as follows: 

1 . Connect the signal ground lines of all instruments together . This is done automati
cally through the screens of the input and output cables . 

2 . Connect the signal ground line of one of the instruments in the X channel cha in and 
one in the Y channel chain to chassis, and then connect the chassis of both instru 
ments to the protective earth contact of a mains socket outlet . It is essential that 
this is done on only one instrument in each chain , preferably that nearest the meas
urement source . If the X and Y signals are derived from the same source then only 
the X channel signal ground line or only the Y channel signal ground line (not both ) 
should be connected to chassis. 

3 . Make the necessary adjustments such that the chassis of each of the other instru 
ments in the measurement and recording set -up , is connected to one and only one 
of the following points a) the protective earth contact of a mains socket outlet. b) sig 
nal ground and c) chassis ground of another instrument which must eventually be 
connected to mains ground . 

, ® ®® ~ f® , 
I I I 780438 

X Chassis y 

Grou nd Ground 

FIg.3.5. X-Y (SIGNAL) GROUND and CHASSIS sockets on rear 
panel of the 2308 

For grounding the 2308 in accordance with the above requirements , its rear (or bottom ) 
panel is equipped with the X-V (SIGNAL) GROUND and CHASSIS sockets shown in 
Fig .3 .5 . These accept the pair of dual pin connectors IN 0005 provided , which wh en 
not being used to connect the X and/ or Y (SIGNAL) GROUND sockets to chassis may be 
plugged into the CHASSIS sockets for storage. 

IMPORTANT: FOR SAFE OPERATION IN ACCORDANCE WITH IEC 348 , THE INPUT CUR
RENT OF INPUT SIGNALS GREATER THAN 50V PK SHOULD BE LIMITED TO 0,7 mA PK . 
ALTERNATIVELY THE SCREEN OF THE X OR Y INPUT SOCKET TO WHICH THE SIGNAL 
IS APPLIED, MUST BE GROUNDED BY CONNECTING ITS SIGNAL GROUND LINE TO 
CHASSIS AS DESCRIBED ABOVE . 

3.2 . RECORDING PROCEDURE 

16 

Operation is given here with reference to the use of the 2308 for making cartesian plots 
of sound , vibration and voltage levels as a function time . For this purpose the measured 
signal from the DC OUTPUT of it Sound Level Meter, Vibration Meter , Electronic Voltme
ter or some other measuring instrument, is used to control the Y (vertical) deflection of 
the pen, whilst the internal sweep generator of the Recorder is used to control the X 
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(horizontal) deflection of the pen carriage. With the X-RANGE switch set to its 
"41,7mV/mm Cal." setting, nine calibrated sweep rates from 0,2 to 100mm/s may be 
selected with the internal sweep generator, which for zero to full scale X deflection over 
a 240 mm paper length, enable record times of 20 minutes down to 2,4 seconds to be 
obtained. 

The recording procedure is as follows: 

1. Carry out the preliminary adjustments necessary. See section 3.1. 

2. Set the FUNCTION SELECTOR to its "Standby" mode. The red power "On" LED just 
above the switch should light indicating that mains power is connected. 

3. Move the pen carriage by hand to the extreme right of its travel and fit the pen 
holder with one of the fibre pens provided. 

4. Place a sheet of preprinted graph paper on the paper platten and carefully align it, 
preferably with its bottom and left hand edges flush with the bottom and left hand 
edges of the platten. Almost any kind of paper up to A4 DIN (8,3 by 11,7 in) size 
may be used, but not paper which is bent or crumpled. 

5. Turn the FUNCTION SELECTOR one position clockwise to actuate the electrostatic 
paper hold, and smooth the paper flat against the platten, taking care not to alter its 
alignment. If the platten fails to grip the paper properly, it should be cleaned as in 
section 3.3.1. 

6. For a horizontal pen deflection, directed by the internal sweep generator, set the X 
channel controls as follows: 

SWEEP: 
POLARITY: 
GAIN: 
RANGE: 

"Int." 
"Norm." 
"Cal." click-stop position 
"41,7" mV/mm - Cal. setting 

7. Set the internal sweep generator SWEEP mode switch to "Hold" and select a 
SWEEP RATE setting giving a record time appropriate for the measurement about to 
be recorded. See Table 3.1. 

Sweep Rate (mm/5) 0,2 0,5 1 2 5 10 20 50 100 

Sweep Time 20m 8m 4m 2m 485 245 125 4,85 2,45 

Table 3.1. Sweep times for 240 mm - zero to fuJI scale - X sweep 
asa function of SWEEP RATE setting. Valid with 
"41,7 mV/mm - Cal." setting of X RANGE switch only 

1S0160 

8. Set the FUNCTION SELECTOR switch to "Servo On" and press the SWEEP RESET 
button to return the pen carriage to the start of its travel. 

9. Adjust the zero deflection of the pen on the X axis, so that it rests at a cori"t.enient 
starting point on the paper. To do this adjust X ZERO-SET potentiometer. The poten
tiometer is a multiturn type and therefore may have to be given several turns before 
its influence on the position Qf the pen is noticable. 

10. For a vertical pen deflection directed by the measuring instrument employed in the 
recording arrangement, set the Y channel controls as follows: 

17 
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Item 16 Item 15 0 , 

180432 

Fig. 3. 6. Calibration ef X-Y Recorder pen deflection (Y axis only) 
when reference deflections of full scale and 20 dB below 
full scale are produced on the measuring instrument's me
ter for recording from its DC LIN OUTPUT 

SWEEP: 
POLARITY: 

GAIN: 
RANGE: 

"Ext. " 
"Norm." for positive input signal 
"Inv." for negative input signal 
"Cal." click-stop position 
"1000" mV/mm 

11 . Adjust the zero deflection of the pen on the Y axis so that it rests at a convenient 
point on the paper. To do this, adjust the Y channel ZERO-SET potentiometer, whilst 
at the same time keeping its ZERO-CHECK button pressed. The ZERO-SET poten
tiometer is a multi-turn type and therefore may have to be given several turns be
fore its influence on the position of the pen is noticeable. 

12. Connect the Y channel INPUT socket with the DC LIN or LOG OUTPUT socket of the 
measuring instrument. supplying the signal to be recorded. 

13. Connect the measuring instrument with a sound, vibration or voltage reference 
source, whichever is appropriate for the measurement about to be recorded, and cali
brate the instrument so that its meter indicates the correct reference level. See In
struction Manual for measuring instrument concerned. 

14. Mark off the vertical axis of the recording paper with the appropriate scale (linear 
scale for DC LIN. OUTPUT signals - logarithmic scale or linear dB scale for DC 
LOG. OUTPUT signals) corresponding with the meter scale of the measuring instru
ment. 

15. Leaving the reference source connected and keeping the same control settings used 
for calibration of the measuring instrument, adjust the Y channel RANGE switch and 
GAIN potentiometer to move the pen to the level graduation on the paper corre
sponding with the reference level indicated by the measuring instrument. See 
Fig.3.6 and 3.7. 

16. Set the RANGE ATTENUATOR knobs or push-buttons of the measuring instrument 
for a sensitivity 10 times lower than that used for calibration. As indjcated in 
Fig.3.6 and 3.7 the pen should move to a level graduation a factor of 10 (10dB) be
low its previous level. If not, adjust the Y channel ZERO-SET potentiometer until the 
correct deflection is obtained. 

I, 

17. Repeat items 15 and 16 once or twice. This will cancel out any interaction in the ad
justment of the Y channel RANGE and ZERO-SET controls, improving the accuracy 
of the calibration. Once correctly calibrated, full scale pen deflection will correspond 
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Fig. 3. 7. Calibration of ·X-Y Recorder pen deflection (Y axis only) 
when reference deflections of full scale and 20 dB below 
full scale are produced on the measuring instrument's me
ter for recording from its DC LOG OUTPUT 

to full scale pointer deflection on the meter, whatever measurement range isse
lected on the measuring instrument. 

18. Disconnect the reference source and apply the signal to be recorded to the measur
ing instrument. 

19. Set the RANGE ATTENUATOR knobs or push-buttons of the measuring instrument 
to obtain a suitable pointer deflection on the meter and pen deflection on the Recor
der, that does not exceed full scale. Avoid further adjustment of RANGE, GAIN and 
ZERO-SET controls of the Recorder, or calibration will be lost. 

20. To commence recording, set the FUNCTION SELECTOR switch to "Pen Down" and 
the SWEEP mode switch to "Normal". The pen and pen carriage will move across 
the paper, automatically plotting out the signal. On completion of the recording the 
movement of the pen carriage will stop automatically, at which point the FUNCTION 
SELECTOR switch should be switched back by hand to its "Servo On" position to lift 
the pen from the paper. 

To make a new recording, set the FUNCTION SELECTOR back to its "Standby" posi
tion and insert a fresh sheet of graph paper as in item 4. With the FUNCTION SE
LECTOR set to "Servo On" and the SWEEP mode switch set to "Hold", press the 
SWEEP-RESET button to return the pen carriage back to the start of the sweep, 
ready to commence recording as in item 20. 

3.3. CARE AND MAINTENANCE 

The 2308 is a robust instrument which is designed to provide the user with many years 
of trouble free operation. However, to maintain the Recorder in peak operating condition 
at all times, regular cleaning is necessary. This is especially important when the Recor
der is subjected to continuous daily use and may be performed as outlined in the follow
ing sections. 

3.3.1. Paper Platten 

The effectiveness of the electros~atic paper hold function of the 2308 is dependent on 
the cleanliness of its paper platten. To remove grease, dirt and other foreign matter, dip 
a soft cloth in luke warm water to which some mild soap has been added, wring it out 
and wipe it over the surface of the platten. Having deposited enough solution to lightly 

19 

ArtekManuals © 2015



damp , but not w et the platten , thoroughly rinse the cloth in fresh water , wring it out till 
it is almost dry and wipe it over th e platten , removing the remaining grease and dirt . If 
ink stains are present, rub the contaminated areas with a soft cloth , dampened with 
ethyl alcohol. To finish , rub with a clean , dry cloth, making sure that the platten is abso
lutely dry before commencing operation . 

WARNING! TO PREVENT RISK OF ELECTRIC SHOCK AND DAMAGE TO THE RECOR 
DER , DISCONNECT IT FROM THE MAINS SUPPLY BEFORE CLEANING. ALSO AVOID 
USE OF SOLVENTS AND CLEANING AGENTS OTHER THAN THOSE MENTIONED , AS 
THEY MAY DAMAGE THE PLATIEN . 

3 .3 .2 . Guide Runners and Potentiometers 

20 

These should be inspected and cleaned at 3 to 6 month intervals , or whenever th e pen 
or pen carriage show signs of irregular or erratic movement . 

Disassembly 

For access to the guide runners and potentiometers of the Recorder , disconnect it from 
the mains supply and using a small screwdriver , remove the two screws fastening its 
rear panel . Carefully pull off the pen carriage drive cable clips from the black metal 
guard behind the rear panel and remove the four screws fastening the guard to the sides 
of the Recorder mainframe. Taking care not to damage the drive cable , carefully ease its 
plug out of the socket on the side of the mainframe and remove the two screws at the 
rear and front of the pen carriage arm (see Figs .3 .B and 3 .9 respectively) Finally lift off 
th e pen carriage arm from the Recorder , ready for cleaning. 

Screws fastening rea r of pen carriage 

@. I! . 

Drive cabl e 
socket 

Fig.3 8 The 2308 with rear panel and drive cable guard removed 

Screws fastening front of pen carr iage 

~ ~ 

Fig.3 .9 . Front view of the 2308 
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Cleaning 

To remove grease and dirt embedded on the pen carriage guide runner and rollers, wipe 
with a soft cloth dampened with ethyl alcohol. Avoid flooding the rollers with alcohol as 
this will remove the lubrication of their bearings. 

Ethyl alcohol may also be used for cleaning the X-V potentiometers of the Recorder. The 
X potentiometer is located just behind the pen carriage guide rod shown in Fig.3.7, 
whilst the Y potentiometer is on the underside of the pen carriage arm. Alcohol should 
be applied using the soft cotton swab at the end of a Q tip, which should be wiped along 
the entire length of the two gold platted contact strips as well as the black conductive 
strip of each potentiometer. Take care that the cotton swab does not get caught under 
the potentiometer contact wipers, as this will bend them out of alignement. Repeat 
cleaning, using fresh swabs, until these are no longer blackened. 

Before reassembly, wipe a clean cloth along the pen holder guides on the underside of 
the pen carriage arm and lightly lubricate the spring steel drive cable guard, where it 
makes contact with the pen carriage guide rod. Do not lubricate the guide rod or the pen 
holder guides. 

Reassembly 

For reassembly, follow the disassembly instructions in reverse. However, before screw
ing the right hand end of the black metal guard to the Recorder, make sure that the free 
end of the spring steel guard band is correctly positioned underneath it. Having replaced, 
but not tightened the screws, fit the clips fastening the drive cable and pull it taut, mak
ing sure that it is parallel with the guard band and rests flat against the centre of the 
black metal guard. Finally move the pen carriage arm to check that the drive cable clips 
do not interfere with its travel. 

• .-
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4.1. GENERAL 

4. USE WITH OTHER INSTRUMENTS 

The X-Y Recorder Type 2308 is a versatile instrument which must be used with other in
strumentation if its full potential is to be exploited. The range of B & K measuring, analyz
ing and generating instrumentation with which it may be used is shown in Fig.2 of Chap
ter 1. 

Also indicated in Fig.2 are the appropriate remote control cables for synchronous opera
tion of the 2308 with the instrumentation shown. These are available on separate order 
and are for connection to the REMOTE I and REMOTE II control sockets on the rear 
panel of the Recorder. REMOTE I accepts external DC voltage ramps for control of the X 
deflection of the pen, whilst REMOTE II provides DC voltage ramps for remote voltage 
controlled tuning of external instrumentation. Both control sockets accept the standard 8 
pin DIN plug (B & K no. JP 0802) provided, and for automatic recording of frequency re
sponses and analyses etc., may be used as discussed in the following sections. 

4.2. REMOTE I SYNC. 

22 

B & K Signal Generators and Frequency Analyzers that are equipped with a FREQUENCY 
CONTROL or SYNC. VOLTAGE OUTPUT, produce a 0 to 10V DC control ramp propor
tional to their frequency or sweep period. By applying the ramp to the auxiliary ramp in
put line of the REMOTE I control socket of the Recorder shown in Fig.4.1, it may be 
used to control the X deflection of the pen, thus permitting synchronous recordings of 
frequency responses and analyses etc. to be made using the Recorder. 

Unless otherwise indicated in Fig.2, the appropriate remote control cable for connection 
of the DC control voltage ramp of B & K instruments to the Recorder is the standard 8 
pin remote control cable AQ 0034. With non B & K instruments a DC ramp may be ap
plied to the REMOTE I socket of the Recorder as indicated in Fig.4.1 . The auxiliary ramp 
input has an input impedance of approximately 1 MO and can withstand ramp voltages 
as high as 300 V pk without damaging the Recorder. However, for safe operation in ac
cordance with IEC 348, the input current of control voltage ramps exceeding 50 V pk 
should be restricted to 0,7 mAo The maximum voltage excursion of the ramp for zero to 
full scale X deflection covering 240 mm on the paper, depends on the setting of the X
RANGE switch of the Recorder and is specified in Table 5.1. 

Aux. X Ramp 
Input 

Ground 
180521 

Fig. 4. 1. External view of the REMOTE I control socket of the 2308 
with auxiliary X ramp input indicated 
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The setting up procedure for control of the X deflection of the 2308 using an external 
DC ramp is given below. This is suitable for semi-automatic recording of frequency re
sponses and analyses and explains how to synchronize the X deflection of the pen with 
the frequency sweep of manually tuned types of signal generator and analyzer with DC 
ramp output. With other instruments, a similar procedure may be used. 

1. Taking a sheet of graph paper, graduate up to 160 mm (6,3 in) of its vertical axis 
and up to 240 mm (9,4 in) of its horizontal axis, with the appropriate amplitude and 
frequency scales for the response or analysis. For recording over a 3 decade, logar
ithmic frequency scale corresponding with B & K Generators and Analyzers, use of 
the preprinted Recording Paper QP 1000 will be found convenient. See Chapter 1. 

2. Place the graph paper on the paper platten of the Recorder and carefully align it, 
preferably with its bottom and left hand edges flush with the corresponding edges of 
the platten. 

3. Set the FUNCTION SELECTOR switch to its "Paper Hold" mode and taking care not 
to alter the alignment of the paper, smooth it flat against the paper platten, to help 
ensure a firm paper grip. 

4. For horizontal pen deflection directed by the DC voltage ramp produced by the Gener
ator or Analyzer to be used in the recording set-up, set the X channel controls of the 
Recorder as follows: 

SWEEP: 
POLARITY: 
GAIN: 
RANGE: 

"Ext. " 
"Norm." 
"Cal." click-stop position 
"41,7" mV/l11m - Cal. setting 

5. Using the appropriate remote control cable (AQ 0034 unless otherwise specified in 
Fig.2), connect the REMOTE I control socket of the Recorder with the FREQ. CON
TROL VOLTAGE OUTPUT socket of the Generator or Analyzer. Check that the X (SIG
NAL) GROUND-CHASSIS sockets on the rear of the Recorder are interconnected. 

6. On the Generator or Analyzer, set the SWEEP CONTROL switch to "Manual" and ad
just the FREQUENCY TUNING knob so that the FREQUENCY DISPLAY LEOs of the in
strument display the lower frequency limit of the frequency range selected for the re
sponse or analysis. 

7. On the Recorder set the FUNCTION SELECTOR switch to "Servo On" and using the 
X-ZERO SET control, adjust the horizontal deflection of the pen until the pen is im
mediately over the frequency graduation corresponding with the lower frequency li
mit selected in item 6. 

8. On the Generator or Analyzer adjust the FREQUENCY TUNING knob so that the in
strument displays the upper frequency limit required for the response or analysis. 
The pen carriage will start to move, automatically following the frequency sweep of 
the Generator or Analyzer. 

9. Check that the pen is immediately over the frequency graduation on the paper corre
sponding with the upper frequency limit selected in item 8. If not, adjust the;!X-GAIN 
potentiometer to move the pen to the appropriate graduation. 

10. Using the FREQUENCY TUNING knob, tune the Generator or Analyzer back to the 
lower frequency limit and ustog the Y channel controls of the Recorder, calibrate the 
vertical pen deflection in accordance with the meter of the measuring or analyzing 
instrument. To do this, select the linear frequency response mode of the measuring 
or analyzing instrument and proceed as in items 10 to 19 of section 3.2. 

23 
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The 2308 is now correctly synchronized with the Generator or Analyzer. To commence 
recording, select the appropriate measurement bandwidth for the response o'r analysis 
and with the FUNCTION SELECTOR set to "Pen Down", very slowly turn the FRE
QUENCY TUNING knob of the Generator or Analyzer. The Recorder pen will now follow 
the frequency sweep of the Generator or Analyzer, automatically plotting out the re
sponse or analysis. 

On reaching the required upper frequency limit, raise the pen by setting the FUNCTION 
SELECTOR back to "Stand-by". To repeat or make another recording, place a fresh sheet 
of graph paper on the paper platten and set the FUNCTION SELECTOR back to its "Servo 
On" position. Having turned the FREQUENCY TUNING knob of the Generator or Analyzer 
back to the required start frequency, check that the pen is over the appropriate fre
quency graduation on the paper, before setting the FUNCTION SELECTOR to "Pen 
Down". 

Using the X RANGE switch to increase the sensitivity 'Of X deflection of the pen, it is pos
sible to expand the frequency scale of the recorded response or analysis. However, for 
maximum expansion, the start of the sweep must correspond with the lower frequency li
mit of the sweep range selected on the Generator or Analyzer, where its control ramp is 
at zero. For expansion of any part of a Generator's or Analyzer's sweep range, the use of 
the auxiliary ramp output available at pin 7 of the REMOTE \I socket of the 2308 is rec
ommended. See section 4.3. 

4.3. REMOTE II SYNC. 
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For remote voltage controlled frequency tuning of Signal Generators and Frequency Anal
yzers, the 2308 has two auxiliary ramp voltage output lines. These are available at the 
REMOTE II control socket of the Recorder which has the pin identities shown in Fig.4.2. 

Both auxiliary ramp output lines produce a 0 to 10 V DC voltage ramp and have a mini
mum load impedance of 10 kn. The ramp available at pin 8 is derived directly from the 
internal sweep generator of the Recorder, whilst that available at pin 7 is generally more 
useful, as it summed with a fixed DC offset voltage which may be adjusted between 
-10 and + 10V using the RAMP SET control of the Recorder. This permits independent 
adjustment of the start frequency of a Generator's or Analyzer's frequency sweep, en
abling any part of its sweep range to be selected for recording with expanded frequency 
scale that fills the entire paper width. The rate at which the Generator or Analyzer fre
quency is swept by the ramps is a function of the SWEEP RATE setting of the Recorder 
and may be determined as in section 5.3. 

For remote voltage controlled tuning of B & K Generators and Analyzers, which are fur
nished with a FREQUENCY CONTROL VOLTAGE INPUT socket, the ramp available at pin 
7 of the REMOTE II control socket is used. As indicated in Fig. 2 of Chapter 1 this may 

Aux. Ramp 
Output 

o to 10 V 

Ground 

Aux. Ramp + Ramp 
Offset Output 
-10to+l0V 

180522 

Fig.4.2. External view of the "REMOTE /I control socket of the 2308 
with internal sweep generator auxiliary ramp voltage out
puts indicated 
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be applied to the instruments using the standard 8 pin remote control cable AQ 0034, 
which is available on separate order. However, with instruments accepting control 
cables marked by a double asteris in Fig.2, the leads to pins 1, 3, 4, 5, 6 and 8 of one 
of the control cable plugs must be disconnected. This is necessary to prevent instrument 
control lines not specifically designed for use with the 2308 inhibiting its operation. 

The setting up procedure for remote voltage controlled tuning of a Generator or Analyzer 
using the auxiliary control voltage ramp available at pin 7 of the REMOTE II control 
socket of the Recorder, is given below. This is suitable for fully automatic recording of 
frequency responses and analyses and explains how to synchronize the frequency sweep 
of a Generator or Analyzer with the X deflection of the Recorder pen. For operation with 
non B & K, voltage controlled, Generators and Analyzers, a similar procedure may be 
used. 

1. Taking a sheet of graph paper, graduate up to 160 mm (6,3 in) of its vertical axis 
and up to 240 mm (9.4 in) of its horizontal axis with the appropriate amplitude and 
frequency scales for the response or analysis. These should match part or the entire 
range of the measuring and generating and/or analyzing instrumentation to be used 
in the recording arrangement. For recording over a'3 decade, logarithmic, frequency. 
scale corresponding with B & K Generators and Analyzers, the use of the preprinted 
Recording paper QP 1000 is convenient. See Chapter 1 . 

2. Place the graph paper on the paper platten of the Recorder and carefully align it, 
preferably with its bottom and left hand edges flush with the corresponding edges of 
the platten. 

3. Set the FUNCTION SELECTOR switch to its "Paper Hold" mode and taking care not 
to alter the alignment of the paper, smooth it flat against the paper platten, to help 
ensure a firm paper grip. 

4. For horizontal pen deflection directed by the internal sweep generator of the Recor
der, set the X channel controls as follows: 

SWEEP: 
POLARITY: 
GAIN: 
RANGE: 

"Int. " 
"Norm." 
"CaL" click-stop position 
"41.7" mV/mm-Cal. setting 

5. Set the SWEEP CONTROL switch of the Generator or Analyzer to "Ext. Volt"and 
connect its REMOTE FREQUENCY CONTROL VOLTAGE-IN socket to the REMOTE II 
socket of the Recorder, using the appropriate remote control cable (AQ 0034 unless 
otherwise specified in Fig.2). 

6. Set the internal sweep generator SWEEP mode switch of the Recorder to "Hold" 
and select a SWEEP RATE setting appropriate for the response or analysiS. See 
Sweep Rate Considerations - sections 5.3 and 5.4. 

7. Set the FUNCTION SELECTOR to "Servo On", press the SWEEP-RESET button and 
adjust the X-ZERO SET potentiometer until the pen rests over the frequency gradua
tion on the paper, corresponding with the required lower frequency limit for~ the re
sponse or analysis. 

8. Adjust the RAMP SET potentiometer of the Recorder until the FREQUENCY DISPLAY 
LEOs of the Generator or Al'lalyzer indicate the same lower frequency limit as the 
pen on the paper. 
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QP 1000 

26 

Brtiel & Kjcer 

Note: To activate the FREQUENCY DISPLAY LEDs of the Generator or Analyzer, it 
may be necessary to turn its FREQUENCY ADJUSTMENT knob, so that its frequency 
pointer is on scale. 

9. Set the SWEEP MODE switch to "Normal". The auxiliary control voltage ramp of the 
Recorder should now move the pen carriage across the paper, automatically tuning 
the Generator or Analyzer frequency. When the FREQUENCY DISPLAY LEDs of the 
Generator or Analyzer indicate the required upper frequency limit for the response 
or analysis, stop the sweep by setting the SWEEP mode switch back to "Hold". 

If the required frequency limit is exceeded, set the SWEEP mode switch to "Re
verse" and then back to "Hold" when the correct frequency indication is obtained. 

1 O. The pen should now be immediately over the frequency graduation on the paper 
corresponding with the upper frequency limit selected in item 9. If not, adjust the X
GAIN potentiometer and possibly the X-RANGE switch to move the pen to the ap
propriate graduation. 

11. Press the SWEEP-RESET button to return the pen carriage and Generator or Anal
yzer back to the start of the sweep. The Generator or Analyzer should now indicate 
the required lower frequency limit with the pen immediately over the corresponding 
frequency graduation on the paper. If not repeat items 7 to 11. 

Ref. Leve" ____ Ree. No.' ____ Sign.' ___ O •• e' ___ _ 

I 
I 

316 

100 

.. 31.6 

10 

3.16 

1 

20 

Meosuring Objec., ____ E....:c'ec-ct_,ic_F_a_n ________ -,,-__________________ _ 
'¥ 

Fig.4.3. Example of narrow band analysis recorded with a 3 decade frequency scale 

, 

i 
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12. Using the Y channel controls of the Recorder, calibrate the vertical deflection of the 
pen in accordance with the meter of the measuring or analyzing instrument em
ployed in the recording arrangement. To do this, select the linear frequency re
sponse mode of the measuring or analyzing instrument and proceed as in items 10 
to 19 of section 3.2. 

The 2308 is now correctly synchronized with the Generator or Analyzer. To commence 
recording select the appropriate measurement bandwidth for the response or analysis 
an~ with the FUNCTION SELECTOR of the Recorder set to "Pen Down", set the SWEEP 
mode switch to "Normal" . The Recorder will now automatically sweep the Generator or 
Analyzer frequency and the pen plot out the response or analysis. 

On completion of the recording, the movement of the pen carriage will stop automati
cally. To raise the pen and reset the pen carriage back to the start of its travel. set the 
FUNCTION SELECTOR and SWEEP mode switches back to their "Servo On" and "Hold" 
positions and press the SWEEP-RESET button. At the same time this will automatically 
reset the Generator or Analyzer back to the start frequency. 

To repeat or make another recording, set the FUNCTION SELECTOR to "Standby" and 
place a fresh sheet of graph paper on the paper platten, remembering to check that the 
pen is immediately over the appropriate start frequency graduation on the paper before 
setting the FUNCTION SELECTOR to its "Pen Down" position. 

1\ 

n ... 
1\ 11 

\I 

jJ 

.UII ... ... U lIIIrl 1111. 
y- IL!I 

, I 
\AD 

If. III 

300 400 500 600 700 900 1 k 1,5 2 k 

Measuring Ob;8Ct:_E_le_ct_fic_F_a_n ___________ -----------_____ _ 
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F ig.4.4, Detail of narrow band analysis shown in F ig.4. 3, recorded with "expanded" single decade fre
quency scale 

27 

ArtekManuals © 2015



28 

For recording a response or analysis with "expanded" frequency scale, covering any part 
of the total sweep range of the Generator or Analyzer, exactly the same procedure as 
outlined in items 1 to 12 above, may be used. However, in this case the X-RANGE and 
X-GAIN controls must be used to increase the sensitivity of the X deflection of the Recor
der. Examples of narrow band spectra, recorded with a 3 decade and "expanded" single 
decade frequency scale are shown in Figs.4.3 and 4.4 respectively. 

For further information on the use of B & K measuring, analyzing and generating instru
mentation with the 2308, the Instruction Manuals for the relevant instruments should 
be consulted. ' 
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5. MEASUREMENT AND ANALYSIS CONSIDERATIONS 

5.1. MAXIMUM INPUT VOLTAGE RATING 

The X-V channel inputs of the 2308 are protected against voltage overload and can with
stand input levels as high as 300 V pk without breakdown of the Recorder. However, for 
safe operation in accordance with IEC 348, the input current of voltage levels exceeding 
50 V Peak must be restricted to 0,7 mA pk. Alternatively the screen of the X or Y INPUT 
socket to which the voltage is applied must be connected to chassis as specified in sec
tion 3.1.4. 

5.2. INPUT LEVEL VERSUS X AND Y PEN DEFLECTION 

Input Voltage 
for 160 mm 
Y deflection 

Input 
for 240 mm 
X deflection 

The input voltage level required to produce a particular X or Y pen deflection on the 
2308, depends on the setting of the RANGE and GAIN controls of the Recorder. With 
the GAIN controls set to "Cal." the exact level can be determined using the relation: 

V = length of deflection (mm) x RANGE switch setting (mV Imm) -(5.1 

which for full scale X deflection of 240 mm and full scale Y deflection of 160 mm, gives 
the values specified in Table 5.1. With the GAIN controls set to a position other than 
"CaL", the input level required is greater. 

RANGE (mV/mm)setting 

y X 
0,02 0,05 0,1 0,2 0,5 1 2 5 10 20 50 100 200 500 cal 

1000 
41,7 

3,2 8 16 32 80 160 320 800 1,6 3,2 8 16 32 80 160 ~ 
4,8 12 24 48 120 240 480 1200 2,4 4,8 12 24 48 120 ~ 10 

mV V 

780152 

Table 5.1. Input voltage for full scale X and Y pen deflection on the 2308, as a function of RANGE switch 
setting with GAIN controls set to "Cal." 

5.3. SWEEP RATE 

5.3.1. Recorder Pen 

The 0,2 to 1 00 mm/s sweep rate settings marked around the SWEEP RATE switch of 
the 2308, are applicable when using the internal sweep generator for control of the X 
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SWEEP RATE (mm/s) switch setting 

0,2 0,5 1 2 5 10 20 50 100 

X 
41.7 Cal 0,2 0,5 1 2 5 10 20 50 100 c: 

0 
.~ 

0,02 417 1000 1000 1000 1000 1000 1000 1000 1000 1..1 c: ., 
0 ~ ., .~ 

0,05 166,8 417 834 1000 1000 1000 1000 1000 1000 "C 1..1 ., 
X ~ 

01 
., 

c: 0,.1 83,4 208,5 417 834 1000 1000 1000 1000 1000 C "C 
.~ >-... .". ., 

0,2 41,7 104,25 208,5 417 1000 1000 1000 1000 1000 ~ c: ... 
.s:; 

C") 1..1 E ... 0,5 16,68 41.7 83,4 166,8 417 834 1000 1000 1000 ~ .~ E ... 0 E 
E 1 8,34 20,85 41,7 83,4 208,5 417 834 1000 1000 .". E N 

E ., 0 ..... 2 4,17 10,425 20,85 41,7 104,25 208,5 417 1000 1000 iii (0 

> 1..1 -E 
... ., 

5 1,668 4,17 8,34 16,68 41,7 83,4 166,8 417 834 iii :l 1..1 W - ... 
(!) 

10 0,834 2,085 4,17 8,34 20,85 41,7 83,4 208,5 417 0 
z ... "5 
<{ e -a: 20 0,417 1,0425 2,085 4,17 10,425 20,85 41,7 104,25 208,5 Q) 0 

N ... 
~ 0 
c: 50 0,1667 0,417 0,834 1,668 4,17 8,34 16,68 41,7 83,4 

I 
c: 
'" .s:; 
u 100 0,0834 0,2085 0,417 0,834 2,085 4,17 8,34 20,85 41.7 
>-
"C 200 0,0417 0,10425 0,2085 0,417 1,0425 2,085 4,17 10,425 20,85 c: 
'" 
X 500 0,01667 0,0417 0,0834 0,1667 0,417 0,834 1,668 4,17 8,34 

Y ~ 1000 0,00834 0,02085 0,0417 0,0834 0,2085 0,417 0,834 2,085 4,17 

X or Y sweep rate (mm/s) of pen 

780'53 

Table 5.2. X-Y sweep rates of pen as a function of SWEEP RATE and RANGE switch settings with GAIN 
controls set to "Cal." 

deflection of the Recorder, with its X channel RANGE and GAIN controls set to 
"41,1" mV/mm and "Cal." respectively. They are not applicable when other RANGE 
and GAIN control settings are employed, or when using the internal sweep generator to 
control the Y deflection. In these circumstances the actual sweep rate of the pen is as 
specified in Table 5.2 and can be determined using the relation: 

S R f P ( /) SWEEP RATE sWitC.h setting (mm/s) x 41 7 VI -(5.2 weep ate 0 en mm s = , m mm 
RANGE switch setting (mV Imm) 

5.3.2. External Generator or Analyzer 

30 

With regard to determining the sweep rate of external Frequency Generators and Analyz
ers when tuned using the auxiliary control voltage ramp of the internal sweep generator 
(see section 4.3), the relationship between ramp voltage level V and frequency f is of im
portance. This depends on the type of frequency sweep. 

For Generators and Analyzers having a linear frequency sweep: 
'" 

1 
V = f 

As 
-(5.3 

ArtekManuals © 2015



X-Y Recorder 
SWEEP RATE 

where As is the sweep sensitivity of the Generator or Analyzer in Hz/V and f is the fre
quency in Hz to which the Generator or Analyzer is tuned by the ramp voltage V. 

Differentiating eqt. 5.3 with respect to time, gives: 

dv df 
-= 
dt As dt 

-(5.4 

where dv/dt is the slope Sv of the voltage ramp in Vis and dfldt is the sweep rate SA 
of the Generator or Analyzer frequency in Hz/s 

1 S = _. S 
v A A 

s 
-(5.5 

With the 2308 the slope Sv of the auxiliary control voltage ramp may be related to the 
SWEEP RATE setting Sr of the Recorder using 

Sv = 41,7 10-3 Sr -(5.6 

Substituting eqt. 5.6 into eqt. 5.5, we obtain 

S = 1 SA 
r 41,7 10-3 As 

-(5.7 

which rearranging, gives: 

SA = 41,7 10-3 Sr As -(5.8 

Therefore knowing the sweep sensitivity As of the Generator or Analyzer, its sweep rate 
SA in Hz/s may be calculated for any particular SWEEP RATE setting Sr on the 2308. 
With B & K types of remote voltage tuned Generator and Analyzer having "x 0,1 Lin" 
(2 Hz to 2 kHz), "x 1 Lin" (20 Hz to 20 kHz) and "x 10 Lin" (200 Hz to 200 kHz) sweep 
ranges, the sweep sensitivity is 0,2 kHz/V, 2 kHz/V and 20 kHz/V respectively. Substi
tuting these values into eqt. 5.8, gives the sweep rates specificied in Table 5.3. 

0,2 0,5 1 2 5 10 20 50 100 mm/s 

"X 0,1 Lin" (0,2 kHz/V) 0,00167 0,00417 0,0083 0,0167 0,0417 0,0834 0,167 0,417 0,834 
"X 1 Lin" (2 kHz/V) 0,0167 0,0417 0,083 0,167 0,417 0,834 1,67 4,17 8,34 kHz/s 
"X 10 Lin" (20 kHz/V) 0,167 0,417 0,83 1,67 4,17 8,34 16,7 41,7 83,4 

"X 0,1 Log" (0,3 dec/V) 
"X 1 Log" (0,3 dec/V) 0,0025 0,00625 0,0125 0,025 0,0625 0,125 0,25 0,625 1,25 dec/s 
"X 10 Log" (0,3 dec/V) 

Table 5.3. 
180154 

Sweep rates of B & K Generators and Analyzers as a function of SWEEP RATE setting of the 
2308 

Table 5.3 also gives sweep rates for B & K Generators and Analyzers having a lOgarith
mic frequency sweep. These were calculated using eqt. 5.8, which may also be used for 
determining logarithmic sweep rates provided that these are expressed in terms of fre
quency decades/s and not Hz/so;,! This requires that the sweep sensitivity As is given in 
frequency decades/V. With the "x 0,1 Log" (2 Hz to 2 kHz), "x 1 Log" (20 Hz to 20 kHz) 
and "x 10 Log" (200 Hz to 200 kHz) sweep ranges of B & K Generators and Analyzers, 
As = 0,3 dec/V. 

31 

ArtekManuals © 2015



For determining the logarithmic sweep rates in Hz/s, the relationship between ramp vol
tage level and frequency is: 

1 f 
V =- 1091O 

As fL 
-(5.9 

where As is the sweep sensitivity of the Generator or Analyzer in decades/V, f is the fre
quency in Hz to which the Generator or Analyzer is tuned by the ramp voltage V, and fL 
is the lower frequency limit of the sweep range in Hz 

Differentiating eqt. 5.9 with respect to time, gives: 

dv 

dt 

0,43429 df 

As f dt 
-(510 

where dv/dt is the slope Sy of the voltage ramp in Vis and dfldt is the sweep ratp of 
the Generator or Analyzer frequency in Hz/s 

S = 0,43429 S 
y As f A 

-(5.11 

Substituting eqt. 5.6 for Sy into eqt. 5.11, gives: 

S 104~ 
. r = , As f -(5.12 

which rearranging, gives 

SA = 96 10-3 As Sr f -(5.13 

From which the sweep rate SA in Hz/s of Generators and Analyzers having a logarith
mic frequency sweep can be obtained. 

Selection of a suitable sweep rate for analysis, depends on a number of factors and is 
discussed in the following sections. 

5.4. RANDOM SIGNAL ANALYSIS 

5.4.1. General 

32 

Selection of a suitable sweep rate for random signal analysis is based on the averaging 
time selected for measurement of true RMS levels. 

The RMS value ("') of a random signal x (r) is defined by 

1/1 2 = lim 
T-+oo 

1 

T 
x 2 (T) dT -(5.14 

where T is the analysis averaging time, which for 100% accuracy must tend to infinity. 
In practice this is impossible, and T must be restricted to a finite value. This restriction 
leads to an error in the RMS measurement. A commonly used expression for the normal
ized standard deviation (or error) ± f ;of an RMS measurement is 

1 
f = --·,for BT > 5 

2vsT -(5.15 

where B is the analysis bandwidth in Hz and T is the averaging time of the analysis in 
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seconds. A common parameter in analyses of this type is the number of statistical de
grees of freedom k, which is given by 

k = 2 BT -(5.16 

It is common practice to work with a value of 50 for k, this being an efficient analysis 
value. 

Thus if 2 BT = 50 
BT = 25 

Substituting back for BT in eqt.5.15, gives 

E = ± 10% for BT = 25 

The value of BT will be taken as 25 in the following analysis. 

With constant bandwidth analysis, B assumes a constant value, but for constant percen
tage bandwidth analysis, B increases linearly with frequency according to the relation
ship. 

B 
rf 

100 
-(5.17 

where r is the percentage bandwidth. The minimum analysis averaging time T A can be 
calculated for a BT product of 25 as 

25 
T A ~ B for E < ± 10% -(5.18 

The sweep rate SA may be connected with the calculated averaging time, by specifying 
that on~ bandwidth must never be scanned in less than two averaging times - one aver
aging time being allowed for full response of the RC averaging circuit of the Frequency 
Analyzer or Measuring Amplifier and a further averaging time for settling of the Recor
der pen to the correct level. 

or in terms of filter dwell time 

where 

5.4.2. Constant Bandwidth 

B 
SA = -

TD 

TD ~ 2 TA 

-(5.19 

-(5.20 

For constant bandwidth analysis with a linear or logarithmic frequency sweep, the aver
aging time T A remains constant at all frequencies in the sweep range. The choic~ of cor-
rect averaging time may be determined using eqt.5. 18 where • 

T A > 1.£ for E < ± 1 0% 
B 

Ii; 

which for the 3,16 Hz, 10Hz, 31,6 Hz, 100 Hz, 316 Hz and 1000 Hz bandwidths avail
able with B & K types of constant bandwidth frequency analyzer, gives the averaging 
time settings specified in Table 5.4. 

33 

ArtekManuals © 2015



34 

Bandwidth (Hz) 3,16 10 31,6 100 316 1000 

Averaging Time (s) 10 3 1 0,3 0,1 0,1 

780'55 

Table 5.4. Averaging time settings for constant bandwidth analysis 
of random signals 

The choice of appropriate sweep rate depends on the type of frequency sweep. With a 
linear frequency sweep the sweep rate remains constant at all frequencies in the sweep 
range. This is shown by eqt. 5.8 where 

which substituting eqt. 5.19 for SA and rearranging, gives 

B 
S = 

r 83,4 10-3 TA As 
-(5.21 

With the "x Lin" (20 Hz to 20 kHz) sweep range of B& K types of remote voltage tuned 
Analyzer 

As = 2kHz/V 

S = r 

S = r 

B 

83,4 10-3 2 103 T A 

6 1O-3~ 
TA 

-(5.22 

From which the Recorder SWEEP RATE settings giving the required analysis sweep rates 
with B & K Analyzers can be calculated. Substituting the averaging times and band
widths given in Table 5.4 into eqt. 5.22 gives the Recorder SWEEP RATE settings speci
fied in Table 5.5. 

Bandwidth (Hz) 3,16 10 31,6 100 316 1000 

SWEEP RATE (mm/s) - - 0,2 2 20 50 

180156 

Table 5.5. X-Y Recorder SWEEP RATE settings for constant band
width analysis of random signals with the "x 1 Lin" 
(20 Hz to 20 kHz) sweep range of B & K Frequency Analyz
ers. With the "x 0, 1 Lin" (2 Hz to 2 kHz) range multiply by 
10 to obtain the correct SWEEP RATE setting, whilst with 
the "x 10 Lin" (200 Hz to 200 kHz) range multiply by 0, 1 

For constant bandwidth analysis with a logarithmic frequency sweep, the sweep rate de
pends on frequency. This is shown by eqt.5.13 where 

< .-
SA = 96 10-3 As Sr f 

which substituting eqt. 5.19 forc;SA and rearranging gives 

S = 5.2 B 
r As f TA 

-(5.23 
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With B & K Generators and Analyzers having a logarithmic frequency sweep 

As = 0,3 dec/V 

B 
S = 1736 -

r 'f T 
A 

mm/s -(5.24 

As one bandwidth is scanned most quickly at the maximum analysis frequency, this fre
quency must be substituted into eqt. 5.23 to give the required Recorder SWEEP RATE 
setting. These settings are given in Table 5.6. 

Maximum Ana!ysis Frequency (Hz) 
Bandwidth (Hz) 

20 200 2k 20k 200k 

3,16 0,2 - - - -
10 2 0,2 - - -
31,6 20 2 0,2 - -

100 100 20 2 0,2 -
316 100 100 20 2 0,2 

1000 100 100 50 5 5 
7BOl57 

Table 5.6. X-Y Recorder SWEEP RATE settings (mmls) for constant 
bandwidth analysis of random signals with the "x 0, 1 
Log" (2 Hz to 2 kHz), "x 1 Log" (20 Hz to 20 kHz) and "x 

1 0 Log" (200 Hz to 200 kHz) sweep ranges of B & K Fre
quency Analyzers 

5.4.3. Constant Percentage Bandwidth 

With constant percentage bandwidth analysis, the analysis bandwidth B increases with 
frequency. This is shown by eqt. 5.17 

rf B=--
100 

where r is the percentage bandwidth. 

Substituting for B in eqt. 5.18 gives: 

2500 
~ --.".. rf -(5.25 

from which it can be seen that the longest averaging time is required at the start fre
quency of the analysis where the bandwidth is the narrowest. For the 1 %, 3%, 6%, 
12%, 23% (1/3 octave) and 70,7% (1/1 octave) constant percentage bandwidths in 
most common use, eqt. 5.25 gives the preferred averaging time settings specified in 
Table. 5.7. 

With constant percentage bandwidth analysis, a logarithmic rather than a linear fre
quency sweep is used. The sweep rate therefore increases with frequency as shown by 
eqt. 5.13 where " 

SA = 96 10-3 As Sr f 
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Bandwidth (%) Averaging Time (s) 

1% - 100 10 1 0,1 
3% - 100 10 1 0,1 
6% 300 30 3 0,3 0,1 

12% 100 10 1 0,1 0,1 
1/3 oct 23% 100 10 1 0,1 0,1 
1/1 Oct 70,7% 30 3 0,3 0,1 0,1 

Minimum Analysis 
Frequency (Hz) 2 20 200 2k 20k 

180158 

Table 5.7. Averaging time settings for constant percentage band
width analysis of random signals 

Substituting eqt. 5.19 for SA' and rearranging, gives: 

Substituting eqt. 5.17 for B. gives 

-(5.26 

from which the X-V Recorder SWEEP RATE settings, giving the required analyzer sweep 
rates for constant percentage bandwidth analysis. can be calculated. The settings speci
fied in Table 5.8 are for Analyzers with a sweep sensitivity of 0,3 dec/V. 

For further information on frequency analysis. the handbook "Application of B & K Equip
ment to Frequency Analysis", is available on request. 

Bandwidth (%) SWEEP RATE (mm/s) 

1% - - - 0,2 1 
3% - - - 0,5 5 
6% - - 0,2 2 10 

12% - 0,2 2 20 20 
1/3 oct 23% - 0,2 2 20 20 
1/1 oct 70,7% 0,2 2 20 100 . 100 

Minimum Analysis 
Frequency (Hz) 2 20 200 2k 20k 

180159 

Table 5.B. X-V Recorder SWEEP RATE settings for constant percen
tage bandwidth analysis of random signals using a rem-
ote voltage tuned Frequency Analyzer with sweep sensitiv- , 
ity of 0.3 dec/V 
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6. SERVICE AND REPAIR 

The 2308 is designed and constructed to provide the user with many years of safe. reli
able operation. However. should a fault occur which impairs its correct function and ope
rating safety. then it should be immediately disconnected at the mains source and be se
cured against unintended operation. For repair consult the separate Service Instruction 
Manual available for the 2308 or contact your local B & K service representative. Under 
no circumstances should repair be attempted by persons not qualified in' the service of 
electronic instrumentation. 
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