
FEATURES: 

• IEEE-488/ IEC 625-1 Standard Interface allows 
easy interfacing to other similarly equipped 
instruments 

• Built-in delay line with 1 µs max. resolution and up 
to 163,8 ms delay with 0, 1 ms resolution 

• Positive or negative slope triggering , AC or DC 
coupled inputs 

• Phase difference displayed in degrees or radians 

• C~ntre zero { ± 180° /3, 14 rad) or end zero 
{0-360° /6,28 rad) ranges 

• DC output proportional to phase angle, frequency 
or group delay 

• Easy to read, high resolution 4-digit display 

• Analogue circuits opticall y isolated from digital 
circuits for improved signal-to-noise ratio 

type 2977 

Phase Meter 

• Range of Special Functions extends measurement 
capabilities 

USES: 

• IEEE 488/IEC 625-1 bus-based test and 
measurement systems 

• General purpose Phase Meter and Frequency 
counter 

• Measurement of phase response of electronic and 
audio signal processing equipment {amplifiers, 
etc.) 

• Measurement of loudspeaker phase 
characteristics 

• Phase measurements for vibration analysis 

• Special measurement requirements - data 
logging, go/ no-go testing and other Special 
Functions 

-- - - - - ----- - - --- ---- -
The Type 2977 Phase Meter is a ver­

satile and easy-to -use instrument with 
simple keystroke selection of a wide 
range of sta ndard and special funct ions. 
The wide bandwidth and dynamic range 
of the 2977 make it usefu l in a variety of 
app lications in elect ronic engineer ing, 
acoustics and vibration measurements. 

Phase Meter Type 2977 

Comprehens ive t riggering facilitie s 
include positive or negative slope t rig­
gering and AC or DC coupling of either 
input, allowing accurate measurement 
on asymmetric or distorted waveforms. 
Triggering at the reference input can be 
delayed by up to 163,8 ms using the 
built-in delay line. 

The IEEE /IEC int erface gives full re­
mote contro l of the 2977 and provides 
for remote processing and recordi ng of 
measurements. Integrated and auto­
mated test and measurement systems 
can be assembled using the 2977 with 
other bus-compatible instruments. 
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The Type 2977 Ph ase Meter is a 
compact and versati le instrument 
su itable for bencht op use with 
straight-forward front-panel contr ol, 
or system use, with its IEEE 488/IEC 
625-1 Digital Interface. Apart from 
phase and frequency measu rements 
on signals in the range 2 Hz to 
200 kHz, it also featu res a bui lt-in de­
lay line at the reference phase input 
and a range of Specia l Funct ions pro­
viding furthe r measur ement stor age 
and processing faciliti es. 

All switch sett ings, Spec ial Func­
tions and IEEE interface parameter s 
are stored in a continuous memory 
when the 2977 is switched off, keep ing 
it ready for insta nt use. When power is 
re-applied , the 2977 is automatica lly 
·reset to the condition it was in imme­
diately before being switched off. The 
cont inuous memory is powered by 
long life Ni-Cd cells which are auto­
matically recha rged while the instru­
ment is operating. 

The IEE E/IEC interface has full 
Ta lker (T 5) and Listener (L 3) capa­
bility giving access to all front-panel 
contr ols apart from the Power switch 
and the Signal Ground switches and 
allowing all measurement data to be 
tra nsmitted to other inst rument s for 
further process ing. 

Input Amplifier 

The two input amplifiers of the 
2977 are electr ically identica l with in­
dividua l select ion of grounded or non­
grounded input, positive or negat ive 
slope tr iggering, and DC or AC cou­
pling. Input A is the reference input, 
Input B is the "unknown " phase. 

Ground Loop Elimin at ion 
To eliminate ground loops from the 

input to the 2977, the screen (low side) 
of each input socket can be discon­
nected from the int erna l signa l 
ground. 

Analogue /Dig i ta l Isolation 
By optica lly coup ling signal inter ­

connections and carefu l power supp ly 
design, the analogue and digital cir­
cuits remain electrica lly isolate d from 
each other. Thi s prevents ground 
loops being formed in bus-based mea­
surement systems and eliminate s the 
associated noise probl ems. 

Trigger ing 
The t riggering range of the two in­

puts extends from 1,4 m V peak to a 
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maximum 10 V peak. The high inpu t 
impeda nce (1 MQ/ /47 pF) allows high 
impedance attenuato r probes to be 
coupled to the input for measure­
ments on signa ls up to 100 V peak. 

Trigger ing always occurs at the 
zero-crossing point of the waveform. 
-Posit ive or negative slope tr iggering of 
either channel gives maximum versa­
tilit y in measuring phase difference s 
of complex or noisy waveforms. With 
the added convenience of centre -zero 
or end -zero ranges, a direct and mean­
ingful read-out of phase diffe rence can 
be obtai ned in any measurement set­
up - the 2977 can be configured to 
suit the measurements being made, no 
"correct ion factor" need be added to 
or subtracted from the indica ted mea­
surement. 

AC/DC Coupling 
Inputs can be AC or DC coupled to 

suit the type of signal being measured. 
When an input is AC coupled low­
frequency cut-off of the input circu it 
is 2 Hz. DC coup ling ensures t riggering 
off "impulse" ty pe signa ls such as d igi­
tal pulse tra ins, which can have large 
mark- space rat ios and very short rise­
t imes. 

High-F req uenc y Limiting 
The high-fr equency cut-off of the 

2977's input amplifier s is 200 kHz. In 
situations where high-freq uency noise 
is int erfering with the measurements 
this can be reduced to 20 kHz or 2 kHz 
using the front-pane l "Filters" push­
keys. 

FuH ; 
100 - 127V 
TJ16mA 

200 - 240V 
T 160mA 

Phase Measuremen t 

Phase measu rements can be scaled 
in degrees or rad ians, with end-zero 
(0 rad to 6,28 rad , 0° to 360°) or cen­
tre-zero ( ± 3,14 rad, ± 180°) ranges. 
Phase differ ence can also be measured 
over ten periods us ing the ± 31,4 rad/ 
± 1800° range. Tl1e range is selected 
by one of th ree pushkeys, with a sepa­
rate pus hkey to select indication in 
degrees or radians. 

Measurements are displayed with 
0,001 rad or 0,1 ° resolu t ion in the 
ran ges O to 6,28rad/ 360° and 
± 3,14 rad / 180°, with a Special Func­
t ion giving 0,01 ° resolution. In the 
± 31,4 rad/± 1800° range resolution is 
0,01 rad or 1 °. 

De lay Lin e 
A built-in delay line in the reference 

input (Input A) simpli fies measure­
ments such as free-field phase re­
spo nse of microphones and louds peak ­
ers and record/playback charac teris­
tics of tape- recorder s. The delay line 
has a maxim um resolution of 1 µs up 
to 9,999 ms (4-digit resolution) , with a 
maximum delay of 163,8 ms. The re­
qu ired delay t ime is numerica lly en­
tered using one of the Special Func­
tions, and a front-panel pushkey then 
toggles the de lay line on and off. 

Relative Meas ure m en t 
Phase measurements can be modi­

fied by enteri ng a reference value 
which is subtracted from the mea­
sured value to give relat ive phase d if-

1: bt. Tnggtt 
2 : c~ .. ,. 
3 : Thtuhokl 
4 : NC 

5 : NC 
6 NC 
7 : + sv 
8: NC 

DIJi41 

Fig. I . The 2977's rear panel showing the Ext. Trigger connector, t_he DC Output and th e 
IEEE interface. A Special Fun ction is provided to allow the interface bus _address to 
be ent ered as a decimal numb er using the front-panel pushk eys, an easier method 
than the more familiar rear-pan el binary switch pachage 
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Fig. 2. The 2977 in a typical IEEE interfa ce bus sytern, measu ring gain and phase characteristics of an amplifier or simila r circuit . Results 
can be presented on the System Cont roller's screen or as hard copy on the Type 2319 Graphics Plotte r 

ference. Any d isplayed measurement 
can be entered as the reference, or the 
reference can be entere d num erica lly 
using the Specia l Funct ions. 

Frequency l\1easureinent 

A single keystroke selects measure­
ment of the frequency at the reference 
input (Inpu t A), with the displ ay auto ­
matica lly scaled to the highe st possi­
ble resolut ion and indica ti ng "Hz " or 
"kHz ". T he display resolution is four 
digits, giving a maximum resolution of 
0,001 Hz up to 9,999 Hz, and a resolu­
tion of 100 Hz for frequencie s up to 
999,9kHz. 

Relat iv e Me asurements 
As with phase measurement it is 

possible to select a reference frequen­
cy and have subsequent measure­
ments displayed relat ive to the refer­
ence. The reference can be taken from 
a measured input signal or numerical­
ly entered using the Specia l Func ­
tions. 

Display 

Measurements are displayed usin g 
7-segment, 15 mm (0,6 in) LED' s in a 
four-digit display , which also carries 
messages and data concern ing the 
Special Functions. The large bright 
characters are easily read even in high 
ambient light and have a wide viewing 
angle. 

The 2977's d isplay also indicates the 
Units in which the disp lay is scaled 
and over- or und errange signals in the 
Input amplifiers. If the 2977 is being 
controlled via the IEEE /IE C int er­
face, "Rem. " is indi cated in the bot­
tom right of the display. 

DC Output 

Th e DC Output connection on the 
rear pane l of the 2977 provides a DC 
outp ut voltage proport ional to phase, 
frequency or group delay. When phase 
difference is being measured the DC 
Out put is scaled at 1 m V / 0

, 10 niV / 0 or 
1 V / rad , according to the unit s select­
ed for the disp lay. Frequency mea­
surements are scaled logarit hmically 
at 1 V /decade from 2 Hz to 200 kHz 
(five decades) . Group delay is mea­
sured using a Special Function which 
allows the out put voltage to be scaled 
to suit the measurement range. 

Digital Interface 

The 2977's IEEE-48 8 sta ndard in­
te rface has full Ta lker (T 5) and Lis­
tener (L 3) capa bility for remote con­
tro l of all inst rument function s, in­
cluding the Spec ial Func t ions, and 
remote recording of measurement s 
and stat us informat ion. "Talk" and 
"Liste n" pushkeys allow d_ata tra nsfers 
in systems operat ing without a Syste m 
Cont roller. When enabled, the "Lo­
cal/SRQ" pushkey can be used to re­
assert front-panel control afte r remot e 
operati on, or to generate a bus "SRQ" 
(Service Reque st) . 

System Use 
A typical inte rface-bus-based mea ­

surement syste m is illustrate d in 
Fig. 2, where the 2977 is illustrated in 
conjunc t ion with the Type 2432 Volt­
mete r and th e Type 1049 or 1051 Sig­
nal Generator. Measu rement results 
can be stored and presented in a var i­
ety of ways; here, the Type 2319 
Grap hics P lotte r is shown as an exam ­
ple of a suitable outp ut device. 

Add re ss 
T he 2977's interface address is user­

selecte d , and is set using one of the 
Specia l Functio ns. Like all ot her in­
st rument sett ings the addre ss is re­
ta ined in the non-volat ile memor y 
when the 2977 is switched off. 

Special Functions 

The Special Fun ct ions of the Type 
2977 add a numb er of ope ratio nal and 
data-proce ssing facil it ies to make it an 
exceptio nally powerfu l and versat ile 
inst rum ent. Spec ial Fu nctio ns can be 
selected using the num bered push keys 
on the front panel or via the IEEE 
interface. A Quick Reference Guid e 
with br ief deta ils of the Spe cial Func­
t ions and the ir parameter s is suppli ed 
with the 2977. 

The following ar e some of the Sp e­
cial Functions included in the 2977: 

De la y Line: T he refere nce signal 
t rigger point can be delayed by up to 
163,8 ms, allowing measure ments in 
situatio ns where differences in tra ns­
mission media cause de lays to the "B" 
Inp ut - for insta nce in vibration 
measurement s or free-field acoust ics. 

Averag ing: A "ru nnin g average", 
updated with each new measurement, 
of up to 35 meas urements; or a "block 
average" of up to 1999 sampl es with 
the display upd ated afte r each com­
plete block. 

Phase and Frequency -Refer­
enc es: The pha se or frequenc y mea­
suremen t is indi cated re lative to a 
keyed-in reference value. T his works 
similarl y to the front-pane l "Relat ive" 
and "Re l. Set" funct ion, but allows the 
reference to be ente red numerica lly. 
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Frequency Calibration: Th e 
2977 is calibrated against a user-sup ­
plied 100 kHz reference input .The 
date (month /year) of calibration is 
stored, to be recalled and displayed 
when the Phase Meter is next calibrat­
ed. 

High Resolution: Pha se differ ­
ence can be displayed with 0,01 ° reso­
lution up to a maximum of ± 99,99°. 

Go/No-go Thresholds: Two 
thresholds can be entered for either 
phase or frequency measurement s. 
Out-of-range measuremen ts are ind i­
cated on the display and by a logic 

INPUTS: 
Two BNC sockets , mating plug JP 0035. 
Switch selec tio n of AC or DC coupling of 
eithe r input 
Input A : Reference Input 
Input B: Unk nown phase input 
Input Imp ed ance: 1 MQ//47 pF 
Max. Safe Input Voltage: 42 V (to comply 
with IEC 348) 
The inpu t is pro tec ted for vo ltages up to 
350V (DC+peak AC); 250V DC , 220V RMS 
50/60 Hz AC; at high er frequencie s, 
Vmax=107/ f(Hz) 

Signal Ground/Input Socket Scr ee n Sepa­
ration: 
Imp edanc e: lO kQ//0,1 µF 
Max. Voltage : ± 0,6 V (DC + peak AC; diode­
clamped) 
Si gnal Ground/Ch ass is Sep arati on: 
Max. Voltage: ± 42V (to comp ly with IEC 
348) 
Common Mode Volt age Rej ec tion : 42 V 
RMS at 50/ 60 Hz will not aff ect measu rements 

TRIGGERING: 
Trigge red by zero-c ro ssing at the input ; 
switch selec tion of positive or nega ti ve slope 
trigge ring of either input 
Min. Tr igger Voltage: 1,4mV peak 
Max. Trigger Voltag e: 10 V peak 
Over - and Under-range Input s are indic ated 
on the display 

DELAY LINE: 
Range: 1 µS to 163,8ms 
Resolution: 1 µS max imum , 100µ5 mini mum 
(4 digits) 

LOW-PASS FILTER : 
200 kHz; front-pan el swi tche s selec t 20 kHz or 
2kHz 
Cut-Off Slop e: 6dB/octave 

PHASE ACCURACY: 
± 0,1° abso lute error, plus the follow ing sig­
nal- and env ironment-related errors : 
Frequency-related Error: < 0,02 ° / kHz 
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change at the rear-pane l Ext. Trigger 
socket. 

Data logg in g: A series of up to 256 
measurement s can be stored . The 
measurement period , delay between 
samp les and tr iggering mode can also 
be changed as part of the Special 
Function. Recall facilities include 
ste.pping forward or backwards 
thro ugh individual samples, finding 
minima or maxima, calculation of the 
mean average of the sample block and 
continuous output started by a front­
pan el pushkey or an externa l trigger 
signal. 

Specifications 2977 
Voltag e-related Error : < 0,03° / dB (ref. 1 V 
RMS) 
Temperature: < 0,003° / °C at 1 V RMS; 
< 0,3° / °C at 10mV RMS 
DC- co upling : < 0,01 ° at 1 V RMS, < 1 ° at 
10mV RMS 

FREQUENCY ACCURACY: 
± 1 count plus: 
5 ppm , 20°C to 25°C 
20ppm, s0 c to 40°C (relative to calibration 
sign al frequency) 

DC OUTPUT : 
Output Voltage : 
0-360 ° & ± 180° : OV to 3,6V , 10mV / 0 

± 1800° : ov to 3,6V , 1 mV/ 0 

0-6,28 rad & ± 3,14rad : OV to 6,28V, 1 V/r ad 
2 Hz to 200 kHz: 0,3 V to 5,3 V, 1 V / decade 
(logarith m ic) 
Outp ut Imp edance : 50 Q 
Resolu tion : 0,1% of full -sca le measu rement 

MEAS UREMENT PERIOD: 
200 ms or 1 s, selected by fron t-pane l "Rate" 
sw itches; or one full Input cycle, if longer than 
the "Rate · setting 

IEEE INTERFACE: 
Conforms with IEEE Std. 488- 1978, compa ti­
ble with IEC 625-1. Provides remote cont rol 
of all front - pane l functions and Specia l Func­
ti ons except Signal Ground and Power 
switches. Output of measurement data and 
status Inform ati on 
Functions Imple men ted : 

Talker - T 5 
Li stener - L 3 
Remo te/Loca l - RL 1 
Device Trigger - DT 1 
Device Clear - DC 1 
Service Request - SR 1 

Address: Set to 23 (decim al) on delivery; can 
be altered using Special Func ti on 

ELECTROMAGNETIC INTERFERENCE : 
Complies with US FCC requir ements for 
Class B co mputin g devices 

Group De la y: Th e measurement 
range for group delay is ± 0,001 ms to 
±999,9 ms, with a DC Outpu t range of 
OV to 6V. 

The Special Function format is also 
used to set the 2977's IEEE/IEC In­
terface address, and to select the form 
of message terminator for data trans­
fers involving the 2977. 

A Reference Card is supplied with 
the 2977 which gives an at -a-glance 
guide to the Special Functions, with 
brief details of any parameters re­
quired. 

EXTERNAL MAGNETIC FIELD : 
Maximum phase err or due to 80 Al m (1 0rst­
ed), 50 Hz externa l magnetic fie ld : 
At 1 V RMS input , < 0,003 ° 
At 1 O mv RMS input , < 0,3° 

ENVIRONMENTAL LIMITS : 
Operating Temperature : +5 °C to +40 ° C 
(41 °F to 114°F) 
Storage Temper ature: -25 ° C to + 70° C 
(-13 ° F to +158 °F) 
Humidity : 90%RH non -co ndensing at 40°C 

POWER SUPPLY: 
100; 115; 127; 200; 220; 240 V AC 50-60 Hz, 
25VA 
Comp lies with Safety C lass II of IEC Public a­
tion 348 

DIMENSIONS : 
Metal cabine t, exc luding connectors and feet 
Height : 133mm (5,3 Ins) 
Width : 210 mm (8,3 Ins) 
Depth : 200 mm (7 ,9 Ins) 

WEIGHT : 
3,7 kg (8,2 lb) 

ACCESSORIES INCLUDED : 
Mai ns Cable ............................................ AN 0020 
4 mm Wond er Plug (2) ............................ JB 0002 
BNC Plug s (2) .......................................... JP 0035 
8-p in DIN plug ......................................... JP 0808 
IEEE- 488 connector k it... ..................... UA0 814 
Fuses T160 mA (2) .................................. VF 0051 
Fuses T316 mA (3) .................................. VF 0042 
Quick Reference Guide (Special 
Functio ns) (2) .......................................... OH 0023 

ACCESSORIES AVAILABLE : 
BNC-BNC Cable .................................... AO 0087 
IEEE 488 Interface Cab le (2 m) ........... AO 0265 
25-p in IEC 625-1 to IEEE 488 In-
terface Cab le (2 m) ................................ AO 0264 
Adapto r to conv er t IEEE 488 In-
st rum ent to 25-pin IEC 625-1 ............. AO 0195 


