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©  A  LAN  parameter-measuring  instrument  is  pro- 
vided  for  measuring  at  least  one  physical  parameter 
of  a  wired,  packet-based,  baseband  LAN.  The  instru- 
ment  comprises  input  means  (21)  for  providing  a 
connection  to  the  LAN  transmission  medium  (10)  to 
enable  measurements  to  be  made  while  the  LAN  is 
active,  and  voltage  measuring  means  arranged  to 
connect  to  the  LAN  transmission  medium  (10) 
through  said  input  means  (21)  and  operative  to  mea- 
sure  the  voltage  on  the  LAN  transmission  medium 
during  inter-packet  gaps.  The  voltage  measuring 
means  may,  for  example,  be  in  the  form  of  a  peak 
detector  or  sample-and-hold  circuit.  The  instrument 
can  also  be  arranged  to  determine  the  resistance  of 
the  LAN  transmission  medium  (10)  by  measuring  the 
inter-packet  voltage  during  the  injection  of  a  known 
current  into  the  transmission  medium. 
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The  present  invention  relates  to  apparatus  for 
measuring  at  least  one  physical  parameter  of  a 
wired,  packet-based,  baseband  local  area  network 
(LAN)  while  the  LAN  is  active. 

The  term  "wired,  packet-based,  baseband 
LAN"  is  intended  to  mean  a  LAN,  or  LAN  segment, 
in  which  the  LAN  transmission  medium  (for  exam- 
ple,  twisted  pair  wiring,  coaxial  cable)  is  adapted  to 
carry  electrical  signals  and  in  which  the  data  being 
transferred  between  stations  is  transmitted  over  the 
transmission  medium  in  packets  using  baseband 
signalling  techniques.  Such  wired,  packet-based, 
baseband  LANs  are  referred  to  below  as  LANs  of 
the  "aforesaid  type". 

LANs  of  the  aforesaid  type  may  use  various 
media  access  control  techniques  including 
CSMA/CD,  token  passing  and  slotted  ring  but  all 
have  the  general  characteristic  that  signals  are 
normally  only  present  on  the  LAN  when  user  data 
or  control  data  is  being  transferred  -  that  is,  no 
signals  are  normally  present  in  the  gaps  between 
packets  ("inter-packet"  gaps). 

The  majority  of  faults  on  LANs  of  the  aforesaid 
type  are  very  simple  and  are  typically  caused  by 
the  failure  of  a  particular  component  such  as  a 
network  node,  spanning  device  (bridge),  or  the 
wires  or  cables  (or  their  terminators)  themselves.  In 
diagnosing  network  faults,  it  is  therefore  useful  to 
be  able  to  make  simple  observations  of  the  state  of 
any  particular  segment  of  a  LAN. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  apparatus  which  by  simple  measurements, 
can  substantially  facilitate  fault  diagnosis  on  LANs 
of  the  aforesaid  type. 

According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  apparatus  for  measuring  at 
least  one  physical  parameter  of  a  wired,  packet- 
based,  baseband  LAN,  characterized  in  that  said 
apparatus  comprises  input  means  for  providing  a 
connection  to  the  transmission  medium  of  the  LAN 
to  enable  measurements  to  be  made  while  the  LAN 
is  active,  and  voltage  measuring  means  arranged 
to  connect  to  the  LAN  transmission  medium 
through  said  input  means  and  operative  to  measure 
the  voltage  on  the  LAN  transmission  medium  dur- 
ing  inter-packet  gaps. 

The  voltage  on  the  LAN  during  inter-packet 
gaps  is  a  useful  measurement  as  it  permits  the 
user  to  tell  whether  any  of  the  stations  connected 
to  the  LAN  are  malfunctioning  by  leaking  current 
into  the  LAN.  The  ability  to  measure  inter-packet 
voltage  also  permits  the  resistance  of  the  transmis- 
sion  medium  to  be  measured  as  will  be  explained 
below. 

The  voltage  measuring  means  may  comprise 
packet-detecting  means  for  detecting  the  presence 
of  a  packet  on  said  LAN  and  sample-and-hold 
means  controlled  by  said  packet-detecting  means 

to  measure  the  voltage  on  the  LAN  transmission 
medium  when  a  packet  is  not  present.  Advanta- 
geously,  the  sample-and-hold  means  samples  the 
voltage  on  the  LAN  of  a  predetermined  time  inter- 

5  val  after  the  end  of  the  last  preceding  packet. 
Alternatively,  for  LANs  in  which  the  mean  volt- 

age  on  the  LAN  transmission  medium  during  pas- 
sage  of  a  packet  differs  from  that  present  between 
packets,  the  voltage  measuring  means  may  com- 

io  prise  a  peak  voltage  detector  operative  to  capture 
the  peak  voltage  on  the  LAN  transmission  medium 
in  a  direction  opposite  to  the  direction  of  excursion 
of  said  mean  voltage  during  passage  of  a  packet 
relative  to  the  mean  voltage  between  packets. 

75  Where  the  voltage  excursions  on  the  LAN  during 
passage  of  a  packet  are  all  in  the  same  direction 
with  respect  to  the  voltage  of  the  LAN  between 
packets,  then  the  peak  voltage  detector  can  simply 
measure  instantaneous  peak  voltage. 

20  As  already  noted,  the  ability  to  measure  the 
interpacket  voltage  facilitates  the  measurement  of 
the  resistance  of  the  LAN  transmission  medium. 
This  is  achieved  by  providing  the  apparatus  with 
current  injection  means  for  injecting  a  known  cur- 

25  rent  into  the  transmission  medium,  and  processor 
means  connected  to  said  voltage  measuring  means 
to  determine  from  the  inter-packet  voltage  mea- 
sured  thereby  during  injection  of  said  known  cur- 
rent  by  said  current  injection  means,  and  from  the 

30  magnitude  of  said  known  current,  the  resistance 
presented  by  the  LAN  transmission  medium. 

Measurement  of  the  resistance  of  the  LAN 
transmission  medium  readily  shows  whether  a 
terminator  has  been  left  off  or  whether  the  medium 

35  has  been  incorrectly  terminated.  For  simplicity,  the 
current  injection  means  can  be  manually  controlled 
to  effect  current  insertion  and  the  value  of  the 
injected  current  is  pre-programmed  into  the  pro- 
cessor  means. 

40  Conveniently,  the  measuring  apparatus  is  pro- 
vided  in  hand-held  form  enabling  a  technician  to 
move  rapidly  from  one  location  to  another  to  isolate 
a  network  fault. 

A  hand-portable,  LAN  parameter-measuring  in- 
45  strument  embodying  the  invention  will  now  be  par- 

ticularly  described,  by  way  of  non-limiting  example, 
with  reference  to  the  accompanying  diagrammatic 
drawings,  in  which: 

Figure  1  illustrates  generally  how  the  instru- 
50  ment  is  used  to  carry  out  measure- 

ments  on  a  LAN; 
Figure  2  is  a  schematic  diagram  of  a  first 

form  of  measurement  circuitry  for 
the  LAN  instrument;  and 

55  Figure  3  is  a  schematic  diagram  of  a  second 
form  of  measurement  circuitry  for 
the  LAN  instrument. 

Figure  1  illustrates  a  LAN  segment  the  trans- 
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mission  medium  of  which  is  constituted  by  a  co- 
axial  cable  10.  A  number  of  computer  workstations 
11  are  connected  to  the  cable  10  via  connectors 
12.  The  ends  of  the  cable  10  are  terminated  by 
terminators  13  which  match  the  characteristic  im- 
pedance  of  the  cable  10. 

The  illustrated  LAN  is,  for  example,  a 
CSMA/CD  LAN  complying  with  the  10BASE5  vari- 
ant  of  the  IEEE  802.3  standard.  In  this  case,  the 
characteristic  impedance  of  the  coaxial  cable  10  is 
50  ohms  and  the  terminators  13  can  be  simply 
constituted  by  50  ohm  resistors  connected  be- 
tween  the  inner  conductor  and  the  outer  shield  of 
the  cable.  The  signalling  technique  used  is 
baseband  with  Manchester  encoding  and  with  a 
data  rate  of  10  megabits/second. 

In  transmitting  packets  over  the  LAN  cable,  the 
stations  output  pulse  signals  which  have  negative 
voltage  excursions  relative  to  the  voltage  of  the 
cable  between  the  packets  (in  this  case,  zero 
volts);  thus,  the  inter-packet  voltage  will  be  the 
peak  positive  voltage  on  the  cable. 

The  LAN  segment  may  be  connected  to  one  or 
more  other  LAN  segments  15  via  connectors  12 
and  one  or  more  appropriate  spanning  devices 
such  as  the  bridge  14. 

Also  illustrated  in  Figure  1  is  the  hand-portable 
LAN  parameter-measuring  instrument  20.  This  in- 
strument  is  battery  powered  and  is  provided  with  a 
coaxial-cable  connector  21  for  connecting  the  in- 
strument  to  the  cable  10  through  a  T-junction  cable 
connector  16.  Such  connectors  are  generally  to  be 
found  throughout  the  length  of  the  LAN  segment 
cable  10  and  can  serve  as  the  connectors  12. 
When  not  providing  a  connection  to  the  cable  10, 
the  connector  16  has  its  unconnected  stub  left 
disconnected. 

As  can  be  seen  in  Figure  1  ,  the  instrument  20 
includes  a  power  on/off  switch  22,  a  liquid  crystal 
display  (LCD)  23,  and  a  push  button  switch  24. 

Two  forms  of  the  internal  circuitry  of  the  instru- 
ment  20  will  now  be  described  with  reference  to 
Figures  2  and  3. 

The  first  form  of  circuitry  (Figure  2)  utilizes  a 
peak  voltage  detector  to  capture  the  inter-packet 
voltage  of  the  LAN  cable  10,  this  voltage  then 
being  displayed  on  the  LCD  23.  More  particularly, 
connecting  the  instrument  20  to  the  LAN  through 
the  connectors  21  and  16,  connects  the  inner  con- 
ductor  of  the  cable  10  to  an  input  line  30  of  the 
instrument  circuitry.  This  line  30  is  connected  to 
the  "  +  "  input  of  a  comparator  31  the  output  of 
which  feeds,  via  a  diode  32  and  a  resistor  33,  a 
storage  capacitor  34  intended  to  hold  the  peak 
positive  voltage  of  the  LAN  cable.  A  resistor  59 
permits  slow  decay  of  the  voltage  on  the  capacitor 
34.  The  voltage  held  on  the  capacitor  34  is  output 
via  a  voltage  follower  35  with  this  output  being  fed 

back  to  the  "-"  input  of  the  comparator  31.  The 
output  of  the  voltage  follower  35  is  fed  through  a 
scaling  potentiometer  36  and  a  switch  member  24A 
to  a  digital  voltmeter  37  whose  output  is  constituted 

5  by  the  LCD  23.  The  switch  member  24A  is  part  of 
the  switch  24  and  in  its  normal  position  connects 
the  potentiometer  36  to  the  digital  voltmeter  37. 

In  operation,  if  the  voltage  on  line  30  is  more 
positive  than  the  voltage  stored  on  the  capacitor 

io  34,  then  the  output  of  the  comparator  31  will  go 
high  causing  the  capacitor  34  to  charge  up  through 
the  diode  32  and  resistor  33.  As  the  capacitor  34 
charges,  its  voltage  will  rise  to  equal  that  of  the  line 
30  and  thereafter  the  output  of  the  comparator  31 

is  will  go  low  causing  charging  of  the  capacitor  34  to 
cease.  The  diode  32  prevents  the  discharge  of  the 
capacitor  34  through  the  output  stage  of  compara- 
tor  31  .  The  output  of  the  comparator  31  will  remain 
low  until  the  voltage  on  line  30  next  exceeds  the 

20  voltage  on  the  capacitor  34.  In  this  way,  the  Figure 
2  circuitry  acts  to  capture  the  peak  positive  voltage 
of  the  inner  conductor  of  the  LAN  cable  10.  As 
previously  noted,  data  is  transmitted  over  the  cable 
10  in  the  form  of  negative  voltage  excursions  from 

25  the  inter-packet  voltage  (that  is,  zero  volts);  by 
capturing  the  peak  positive  voltage  the  Figure  2 
circuitry  thus  acts  to  measure  the  inter-packet  volt- 
age  on  the  cable  10. 

The  presence  of  the  resistor  33  insures  that 
30  some  short  term  averaging  takes  place  of  the  peak 

voltage.  This  is  advantageous  as  it  avoids  spurious 
positive  spikes  from  giving  false  positive  peak 
readings.  In  addition,  should  the  voltage  pulses 
used  to  encode  data  have  small  positive  excursions 

35  as  well  as  their  large  negative  excursions,  then  by 
appropriate  choice  of  the  value  of  the  resistor  33, 
these  positive  excursions  can  be  smoothed  out,  the 
mean  voltage  present  during  passage  of  a  packet 
being  negative.  Of  course,  the  value  of  the  resistor 

40  33  must  be  such  that  the  voltage  on  the  capacitor 
34  tracks  to  the  inter-packet  voltage  before  the  end 
of  the  minimum  inter-packet  gap.  The  resistor  33 
can  be  omitted  if  no  short  term  averaging  is  re- 
quired. 

45  The  measurement  of  the  inter-packet  voltage  is 
useful  in  its  own  right  since  if  this  voltage  is  not 
zero,  it  can  be  concluded  that  one  or  more  stations 
is  leaking  current  onto  the  LAN  cable. 

The  instrument  20  can  also  be  used  to  mea- 
50  sure  the  resistance  of  the  LAN  cable  by  injecting  a 

small  predetermined  current  into  the  cable  and 
observing  the  resultant  inter-packet  voltage.  To  this 
end,  a  current  source  38  is  provided  which  when 
energized  by  operation  of  the  switch  24  to  close  a 

55  switch  member  24B,  injects  a  predetermined  cur- 
rent  via  the  line  30  into  the  LAN  cable.  The  mag- 
nitude  of  this  current  is  chosen  such  as  not  to 
disturb  the  normal  operation  of  the  LAN.  The  resul- 
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tant  inter-packet  voltage  measured  by  the  peak- 
voltage  detection  circuitry  of  Figure  2  provides  a 
measure  of  the  LAN  resistance.  By  feeding  the 
output  of  the  voltage  follower  35  via  a  scaling 
potentiometer  39  to  the  digital  voltmeter  37,  a 
reading  can  be  produced  on  the  LCD  which  is  a 
direct  reading  of  the  cable  resistance.  The  scaling 
potentiometer  39  is  selected  by  the  operation  of 
the  switch  24  which  not  only  closes  the  switch 
member  24B  but  also  changes  over  the  switch 
member  24A  from  its  normal  position. 

For  a  properly  connected  LAN  cable,  the  mea- 
sured  resistance  would  be  just  in  excess  of  25 
ohms  (the  cable  terminators  constituting  two  50 
ohm  resistors  in  parallel  and  the  cable  itself  adding 
a  small  amount  of  resistance). 

Measurement  of  the  LAN  cable  resistance  is 
useful  since  if  a  termination  13  is  missing,  this  will 
be  readily  apparent  from  the  measurement  of  the 
LAN  cable  resistance. 

Figure  3  shows  a  second  form  of  circuitry  for 
the  instrument  20.  The  Figure  3  circuitry  uses  a 
sample-and-hold  circuit  to  capture  the  inter-packet 
voltage.  More  particularly,  an  input  line  40  of  the 
circuitry  feeds  the  voltage  on  the  inner  conductor 
of  the  cable  10  to  the  inverting  input  of  a  fast 
comparator  41,  the  non-inverting  input  of  which  is 
fed  with  a  reference  voltage  VR  provided  through  a 
chain  of  resistors  42,  43.  The  output  of  the  com- 
parator  41  is  low  when  the  voltage  on  line  40 
exceeds  the  reference  voltage  VR  but  goes  high 
when  the  voltage  on  line  40  falls  below  VR.  Thus,  in 
the  absence  of  a  packet  on  the  LAN  cable  10,  the 
output  of  the  comparator  41  remains  low  whereas 
during  the  passage  of  a  packet  each  negative  data 
pulse  on  the  cable  will  cause  the  voltage  of  the  line 
40  to  fall  below  VR  resulting  in  the  output  of  the 
comparator  41  going  high  for  the  duration  of  the 
pulse. 

The  output  of  the  comparator  41  is  connected 
to  a  retriggerable  monostable  44  which  is  triggered 
off  the  positive  going  transitions  of  the  output  of  the 
comparator  41  (that  is,  the  monostable  will  be 
triggered  in  correspondence  to  the  leading  edge  of 
each  negative  going  data  pulse  of  the  cable  10).  At 
each  triggering,  the  monostable  44  starts  the  out- 
put  of  a  positive  pulse  of  a  predetermined  duration 
corresponding  to  three  quarters  of  the  minimum 
inter-packet  gap  (this  minimum  being  specified  in 
the  LAN  design  specification);  if  the  monostable  44 
is  re-triggered  before  the  end  of  a  current  output 
pulse,  then  the  pulse  is  extended  by  the  same 
predetermined  duration. 

The  output  of  the  monostable  44  is  fed  to  a 
sample-and-hold  circuit  45  and  to  the  clocking  in- 
put  of  a  D-type  flip-flop  51.  This  sample-and-hold 
circuit  45  comprises  a  high  impedance  input  volt- 
age  follower  46  fed  with  the  voltage  on  the  line  40, 

an  electronic  switch  47,  a  storage  capacitor  48,  and 
an  output  voltage  follower  49.  The  electronic  switch 
47  is  controlled  by  the  output  of  a  NAND  gate  50 
such  that  the  switch  is  closed  when  the  NAND  gate 

5  output  is  low  and  open  (the  "hold"  state)  when  the 
NAND  gate  output  is  high.  The  inputs  of  the  NAND 
gate  50  are  connected  to  the  output  of  the  mon- 
ostable  44  and  to  an  output  of  the  D-type  flip-flop 
57.  The  flip-flop  57  is  clocked  by  the  rising  edge  of 

io  the  pulse  generated  at  the  output  of  the  mon- 
ostable  44,  that  is,  in  correspondence  with  the 
leading  edge  of  a  packet.  The  flip-flop  57  has  its 
input  connected  to  a  pull-up  resistor  56  and  a 
switch  55  (not  shown  in  Figure  1).  When  the  switch 

is  55  is  open,  the  leading  edge  of  a  packet  will  cause 
the  output  of  the  flip-flop  to  be  set  high  whereas 
with  the  switch  closed,  the  leading  edge  of  a  pack- 
et  will  cause  the  output  of  the  flip-flop  to  be  set 
low.  As  a  result,  when  the  switch  55  is  open,  the 

20  NAND  gate  50  will  be  enabled  so  that  its  output  will 
be  low  when  the  monostable  output  is  high  and 
vice  versa  whereby  the  voltage  on  the  capacitor  48 
will  follow  the  LAN  voltage  during  a  packet  and  for 
a  predetermined  time  interval  thereafter  but  will 

25  then  hold  the  inter-packet  voltage.  However  upon 
closure  of  the  switch  55  by  the  user  of  the  instru- 
ment,  the  gate  50  will  be  disabled,  causing  the 
output  of  the  gate  50  to  go  high,  and  hold  the 
switch  47  open,  thereby  holding  the  last-sampled 

30  inter-packet  voltage  on  the  capacitor  48. 
The  voltage  on  the  capacitor  48  is  fed  via  the 

output  voltage  follower  49,  a  scaling  potentiometer 
51  and  the  switch  member  24A,  to  a  digital  volt- 
meter  52  the  output  of  which  is  constituted  by  the 

35  LCD  display  23. 
The  sample-and-hold  circuitry  of  Figure  3  can 

be  used  in  an  equivalent  manner  to  the  peak  volt- 
age  detector  circuitry  of  Figure  2  for  the  purposes 
of  measuring  the  resistance  of  the  LAN.  For  this 

40  purpose,  the  Figure  3  circuitry  is  provided  with  a 
current  source  53  energizable  via  a  switch  member 
24B,  and  a  scaling  potentiometer  54  selectable  by 
switch  member  24A.  Operation  of  the  switch  24 
serves  to  inject  a  current  into  the  LAN  and  to 

45  display  the  resulting  voltage  as  a  resistance  read- 
ing  on  the  LCD  display  23  in  the  same  general 
manner  as  for  the  Figure  2  circuitry. 

It  will  be  appreciated  that  a  number  of  modi- 
fications  to  the  illustrated  embodiments  are  possi- 

50  ble.  For  example,  the  instrument  need  not  be  a 
hand  portable  instrument  but  could  be  incorporated 
in  a  test  card  to  be  plugged  into  a  LAN  station  1  1 
or  a  spanning  device  (bridge  40).  It  will  also  be 
appreciated  that  the  LAN  cable  upon  which  mea- 

55  surements  are  made  need  not  be  a  coaxial  cable 
but  could  equally  be  twisted  pair  wiring  or  other 
transmission  media  adapted  to  carry  electrical  sig- 
nals. 

4 
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Furthermore,  the  derivation  of  the  resistance  of 
the  LAN  cable  can  be  effected  in  ways  other  than 
by  the  use  of  scaling  resistors  39,  54;  thus,  for 
example,  a  digital  calculation  unit  could  be  used 
which  digitized  the  voltage  measured  on  the  LAN 
upon  current  injection  and  thereafter  calculated  the 
resistance  of  the  LAN  cable,  the  value  of  the  in- 
jected  current  either  being  pre-programmed  into 
the  calculation  device  or  being  separately  mea- 
sured  and  supplied  in  digital  form  to  the  calculation 
device. 

Claims 

1.  Apparatus  for  measuring  at  least  one  physical 
parameter  of  a  wired,  packet-based,  baseband 
LAN  characterized  in  that  said  apparatus  com- 
prises  input  means  (21)  for  providing  a  con- 
nection  to  said  transmission  medium  (10)  of 
the  LAN  to  enable  measurements  to  be  made 
while  the  LAN  is  active,  and  voltage  measuring 
means  (31-37;  41-52)  arranged  to  connect  to 
the  LAN  transmission  medium  (10)  through 
said  input  means  (21)  and  operative  to  mea- 
sure  the  voltage  on  the  LAN  transmission  me- 
dium  during  inter-packet  gaps. 

2.  Apparatus  according  to  claim  1,  wherein  said 
voltage  measuring  means  (41-52)  comprises: 

-  packet-detecting  means  (41)  for  detect- 
ing  the  presence  of  a  packet  on  said 
LAN;  and 

-  sample-and-hold  means  (45)  controlled 
by  said  packet-detecting  means  to  mea- 
sure  the  voltage  on  the  LAN  transmission 
medium  (10)  when  a  packet  is  not 
present. 

peak  voltage  detector  records  the  instanta- 
neous  peak  voltage  on  the  LAN. 

6.  Apparatus  according  to  claim  4,  wherein  said 
5  peak  voltage  detector  records  the  peak  voltage 

on  the  LAN  integrated  over  a  period  sufficient 
to  smooth  out  peaks  during  passage  of  a  pack- 
et  but  short  enough  to  permit  tracking  to  the 
inter-packet  voltage  during  the  interval  be- 

io  tween  packets. 

7.  Apparatus  according  to  any  one  of  the  preced- 
ing  claims,  further  comprising  current  injection 
means  (38;  53)  for  injecting  a  known  current 

is  into  the  LAN  transmission  medium  (10),  and 
processor  means  (39,  54)  connected  to  said 
voltage  measuring  means  to  determine  in  de- 
pendence  on  the  inter-packet  voltage  mea- 
sured  thereby  during  injection  of  said  known 

20  current  by  said  current  injection  means  (38; 
53)  ,  and  on  the  magnitude  of  said  known  cur- 
rent,  the  resistance  presented  by  the  LAN 
transmission  medium  (10). 

25  8.  Apparatus  according  to  claim  7,  wherein  said 
processor  means  is  a  scaling  resistance  (39; 
54)  . 

9.  Apparatus  according  to  claim  1  in  the  form  of  a 
30  hand-held  instrument. 

35 

3.  Apparatus  according  to  claim  2,  wherein  said 
sample-and-hold  means  (45)  is  operative  to  40 
sample  the  voltage  on  the  LAN  a  predeter- 
mined  time  interval  after  the  end  of  the  last 
preceding  packet  detected  by  said  packet-de- 
tecting  means  (41). 

45 
4.  Apparatus  according  to  claim  1  ,  for  use  with  a 

LAN  in  which  the  mean  voltage  on  the  LAN 
transmission  medium  (10)  during  passage  of  a 
packet  differs  from  that  present  between  pack- 
ets,  said  voltage  measuring  means  (31-37)  50 
comprising  a  peak  voltage  detector  (31-35)  op- 
erative  to  capture  the  peak  voltage  on  the  LAN 
transmission  medium  in  a  direction  opposite  to 
the  direction  of  excursion  of  said  mean  voltage 
during  passage  of  a  packet  relative  to  the  55 
mean  voltage  between  packets. 

5.  Apparatus  according  to  claim  4,  wherein  said 

5 
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