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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 

ELECTROMAGNETIC  COMPATIBILITY (EMC)  – 

 

Part 1 -7:  General  – Power factor in  s ingle-phase systems  

under non-sinusoidal  condi tions  

 
FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn i ca l  Commiss i on  ( I EC)  i s  a  worl dwide  organ i zati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn i ca l  commi ttees  ( I EC  Nati onal  Commi ttees) .  The  ob j ect  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern i ng  s tandard i zati on  i n  the  e l ectri ca l  and  e l ectron i c  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  o ther acti vi ti es ,  I EC  pub l i shes  I n ternati ona l  S tandards,  Techn i ca l  Speci fi cati ons,  
Techn i ca l  Reports ,  Publ i cl y Avai l ab l e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Pub l i cati on (s)” ) .  The i r preparati on  i s  en trusted  to  techn i ca l  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  sub j ect  dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen ta l  and  non -
governmen ta l  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  co l l aborates  cl osel y 
wi th  the  I n ternational  Organ i zati on  for S tandard i zati on  ( I SO)  i n  accordance  wi th  cond i ti ons  d eterm ined  by 
ag reemen t  between  the  two  organ i zati ons.  

2 )  The  formal  deci s i ons  or ag reemen ts  of I EC  on  techn ica l  matters  express,  as  nearl y as  poss i b l e ,  an  
i n ternati onal  consensus  of op i n i on  on  the  re l evan t  sub j ects  s i nce  each  techn i ca l  commi ttee  has  represen tati on  
from  a l l  i n terested  I EC  Nati ona l  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of recommendati ons  for i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensu re  that  the  techn i ca l  con ten t  of I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot  be  he l d  responsib le  for the  way i n  wh i ch  they are  u sed  or for any 
m i s i n terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC  Nati ona l  Commi ttees  undertake  to  appl y I EC  Pub l i cati ons  
transparen tl y to  the  maximum  exten t  poss i b l e  i n  the i r nati ona l  and  reg i ona l  pub l i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or reg i onal  pub l i cati on  sha l l  be  cl earl y i nd i cated  i n  
the  l a tter.  

5)  I EC  i tse l f d oes  not  provi de  any attestati on  of con form i ty.  I ndependen t  certi fi cati on  bod i es  provi de  con form i ty 
assessmen t servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of con form i ty.  I EC  i s  not  respons ib l e  for any 
servi ces  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

6)  Al l  u sers  shou l d  ensu re  that  they have  the  l a test  ed i ti on  of th i s  pub l i cati on .  

7)  N o  l i ab i l i ty sha l l  a ttach  to  I EC  or i ts  d i rectors ,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi d ual  experts  and  
members  of i ts  techn i ca l  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l ega l  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cati on ,  u se  of,  or re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  pub l i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  app l i cati on  of th i s  publ i cati on .  

9)  Atten ti on  i s  d rawn  to  the  poss i b i l i ty that  some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t  ri gh ts .  I EC  sha l l  not  be  he l d  respons ib l e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts .  

The  main  task of I EC  techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  report when  i t  has  col l ected  
data  of a  d i fferen t ki nd  from  that wh ich  i s  normal l y publ i shed  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 61 000-1 -7,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by subcommi ttee  77A:  
EMC – Low frequency phenomena,  of I EC  techn ical  commi ttee  77 :  Electromagnetic 
compatibility.  
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The  text of th i s  techn ical  report i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

77A/91 1 /DTR 77A/920/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  report can  be  found  i n  the  
report on  voting  i nd icated  i n  the  above  table.  

Th is  publ i cation  has  been  d rafted  i n  accordance  wi th  the  I SO/IEC D i rectives,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC  61 000  series,  publ i shed  under the  general  ti tl e  Electromagnetic 
compatibility (EMC) ,  can  be  found  on  the  I EC  websi te.  

The  commi ttee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec. ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thd rawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

A b i l i ngual  version  of th is  publ ication  may be  i ssued  at a  l ater date.  
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I NTRODUCTION  

0.1  Series  overview 

I EC  61 000  i s  publ i shed  i n  separate  parts,  accord ing  to  the  fol lowing  structu re:  

Part 1 :  General  

General  considerations  ( i n troduction ,  fundamental  pri nciples)  

Defin i tions,  terminology 

Part 2 :  Environment 

Description  l evels  

Classi fi cation  of the  envi ronment 

Compatib i l i ty l evels  

Part 3:  Limi ts  

Emission  l im i ts  

Immun i ty l im i ts  ( i n  so  far as  they do  not fa l l  under the  responsibi l i ty of the  product 
commi ttees)  

Part 4:  Testing  and  measurement techniques  

Measurement techn iques  

Testing  techn iques  

Part 5:  Instal lation  and  mi tigation  gu idel ines  

I nstal lation  gu idel ines  

M i ti gation  methods  and  devices  

Part 6:  Generic  standards  

Part  9 :  M iscel laneous  

Each  part  i s  fu rther subd ivided  i n to  sections  wh ich  are  to  be  publ i shed  e i ther as  i n ternational  
standards,  techn ical  speci fi cations,  or as  techn ical  reports.  

These  standards  and  reports  wi l l  be  publ i shed  i n  chronolog ical  order and  numbered  
accord ing ly (for example,  61 000-6-1 ).  

0.2  Purpose of th is  document 

The  prevalence  of l oads  d rawing  non-sinusoidal  cu rren t from  power systems  requ i res  
clari fication  of such  concepts  as  power and  power factor,  i n  order to  avoid  confusion  due  to  
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impl ied  assumptions  of s i nusoidal  vol tage  and  curren t.  Th is  document speci fical l y addresses  
the  terms  re lated  to  the  power factor of equ ipment that are  appl i cable  regard less  of the  
vol tage  and  cu rren t waveforms.  

When  vol tages  and  cu rren ts  on  power supply networks  are  perfectl y s i nusoidal ,  cos  ϕ  
corresponds  to  the  power factor.  Bu t th is  i s  not true  anymore  when  e lectric quan ti ti es  are  

d istorted .  I n  some  existi ng  documents,  cos  ϕ  i s  sti l l  u sed  as  power factor,  l ead ing  to  an  
i ncorrect assessment of the  equ ipment impact to  supply networks.  

The  purpose  of th is  Techn ical  Report i s  to  g ive  clear i n formation  on  both  components  i n  the  
power factor:  

•  the  fundamental  power factor,  wh ich  i s  due  to  the  phase  d i fference  between  the  vol tage  

and  curren t at  the  fundamental  frequency (cos  ϕ1 ) ,  and  

•  the  non-fundamental  power factor,  wh ich  i s  re lated  to  the  d i stortion  of the  vol tage  and /or 
cu rren t.  
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ELECTROMAGNETIC  COMPATIBILITY (EMC)  – 

 

Part 1 -7:  General  – Power factor in  s ingle-phase systems  
under non-sinusoidal  condi tions  

 

 

 

1  Scope 

Th is  part of I EC  61 000,  wh ich  i s  a  Techn ical  Report,  provides  defin i ti ons  of various  e lectrical  
power quan ti ties  and  the  re lationsh ip  between  them  under non-sinusoidal  cond i tions,  i n  order 
to  g ive  clear i n formation  on  both  components  i n  the  power factor:  the  fundamental  power 
factor,  wh ich  i s  due  to  the  phase  d i fference  between  the  vol tage  and  cu rren t at the  
fundamental  frequency,  and  the  non-fundamental  power factor,  wh ich  i s  re lated  to  the  
d i stortion  of the  vol tage  and /or curren t.  Th is  Techn ical  Report i s  appl icable  on ly to  s i ng le-
phase  systems.  

Th is  Techn ical  Report provides  defin i ti ons  for the  th ree  fol l owing  cases:  

•  the  general  case  where  the  vol tage  and  cu rren t are  both  d istorted  (Clause  5),  

•  the  case  where  the  vol tage  i s  assumed  to  be  s inusoidal  and  the  cu rren t i s  on ly d i storted  
wi th  harmon ic components  (Clause  6),  

•  the  parti cu lar case  where  the  vol tage  and  cu rren t are  both  s inusoidal  (Annex A).  

Annex B  g ives  i n formation  on  the  fundamental  active  factor,  wh ich  i s  used  to  describe  the  
behaviour of a  p iece  of equ ipment as  a  l oad  or a  generator.  

2  Normative  references  

The  fol l owing  documents,  i n  whole  or i n  part,  are  normatively referenced  i n  th is  document 
and  are  i nd ispensable  for i ts  appl i cation .  For dated  references,  on ly the  ed i ti on  ci ted  appl ies.  
For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

Void .  

3  Terms  and  defin i tions  

For the  purposes  of th i s  document,  the  fol l owing  terms  and  defin i ti ons  apply.  

3.1   
root-mean-square  value  
r.m.s.  value  
effective  value  
for a  time-dependent quan ti ty,  posi tive  square  root of the  mean  value  of the  square  of the  
quan ti ty taken  over a  g i ven  time  i n terval  

Note  1  to  en try:  The  root-mean-square  va l ue  of a  peri od i c  quan ti ty i s  u sua l l y taken  over an  i n tegrati on  i n terva l  
the  range  of wh i ch  i s  the  peri od  mu l ti p l i ed  by a  natu ra l  number.  

Note  2  to  en try:  For a  s i nusoi da l  q uan ti ty  a(t)  =  Âcos(ωt  +ϑ
0
) ,  the  root-mean -square  va l ue  i s  A

eff
 =  Â/√2.  

Note  3  to  en try:  The  root-mean -square  va l ue  of a  q uan ti ty may be  denoted  by add i ng  one  of the  subscri pts  eff or 
rms  to  the  symbol  of the  quan ti ty.  
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Note  4  to  en try:  I n  e l ectri ca l  technology,  the  root-mean-square  va l ues  of e l ectri c  cu rren t  i(t)  and  vo l tage  u(t)are  
u sual l y denoted  I and  U,  respecti ve l y.  

[SOURCE:  I EC  60050-1 03:2009,  1 03-02-03]  

3.2   
d i rect component 
mean  value  of a  quan ti ty taken  over a  g iven  time  i n terval  

[SOURCE:  I EC  60050-1 03: 2009,  1 03-06-05,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components. ]  

3.3   
s inusoidal ,  ad j .  
pertain ing  to  an  a l ternating  quan ti ty represented  by the  product of a  real  constan t and  a  s i ne  
or cosine  function  whose  argument i s  a  l i near function  of the  i ndependent variable  

Note  1  to  en try:  The  rea l  constan t  may be  a  sca l ar,  vector or tensor q uan ti ty.  

Note  2  to  en try:  Examples  are  a(t)  =  Âcos(ωt  +ϑ
0
)  and  a(x)  =  Âcos[k(x  –x

0
) ] .  

[SOURCE:  I EC  60050-1 03:2009,  1 03-07-01 ]  

3.4  
in i tial  phase  
phase ang le  

ϑ0  
va lue  of the  phase  of a  s inusoidal  quan ti ty when  the  value  of the  i ndependent variable  i s  zero  

Note  1  to  en try:  For the  quan ti ty a(t)  =  Âcos(ωt  +ϑ
0
) ,  the  i n i t i a l  phase  i s  ϑ

0
.  

[SOURCE:  I EC  60050-1 03:2009,  1 03-07-05]  

3.5   
period ic  condi tions  
state  of an  e lectric ci rcu i t  e lement or e lectric ci rcu i t  that i s  characterized  by the  e lectric 
cu rren ts  and  vol tages  a l l  be ing  period ic functions  of time  wi th  the  same period  T 

[SOURCE:  I EC  60050-1 31 : 2002,  1 31 -1 1 -27,  mod i fied  – add i tion  of symbol  T for the  period . ]  

3.6   
s inusoidal  condi tions  
state  of a  l i near e lectric ci rcu i t  e lement or e lectric ci rcu i t  that i s  characterized  by the  e lectric 
cu rren ts  and  vol tages  a l l  be ing  s inusoidal  functions  of time  wi th  the  same  frequency 

[SOURCE:  I EC  60050-1 31 : 2002,  1 31 -1 1 -28]  

3.7   
instantaneous  power 
p(t)  
for a  two-terminal  e lement or a  two-terminal  ci rcu i t  wi th  terminals  A and  B ,  product of the  
vol tage  uAB  between  the  terminals  and  the  e lectric cu rren t i  i n  the  e lement or ci rcu i t  

p(t)  =  uAB (t) ⋅ i(t)  

where  uAB  i s  the  l i ne  i n tegral  of the  e lectric fie l d  strength  from  A to  B ,  and  where  the  e lectric 
curren t i n  the  e lement or ci rcu i t  i s  taken  posi ti ve  i f i ts  d i rection  i s  from  A to  B  and  negative  i f 
i ts  d i rection  i s  from  B  to  A 
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Note  1  to  en try:  The  d i recti on  of e l ectri c  cu rren t  i s  as  defi ned  i n  I EC  60050: 2002 ,  1 31 -1 1 -29.  

Note  2  to  en try:  I n  ci rcu i t  theory the  e l ectri c  fi e l d  s treng th  i s  genera l l y non -rotati ona l  and  thus  u
AB

 =  v
A
 –  v

B
,  

where  v
A
 and  v

B
 a re  the  e l ectri c  poten ti a l s  a t  term ina l s  A and  B ,  respecti ve l y.  

N ote  3  to  en try:  The  coheren t  S I  u n i t  of i n stan taneous  power i s  watt,  W.  

Note  4  to  en try:  A two-term ina l  e l emen t  or ci rcu i t  refers  to  a  s i ng l e-phase  equ i pmen t or system.  

[SOURCE:  I EC  60050-1 31 : 201 3,  1 31 -1 1 -30,  mod i fied  – i n  note  2 ,  the  term  i rrotational  i s  
replaced  by non-rotational  and  a  new note  4  has  been  added . ]  

3.8   
apparent power 
S 
product of the  r.m. s.  vol tage  U between  the  terminals  of a  two-terminal  e lement or two-
terminal  ci rcu i t  and  the  r.m. s.  e lectric cu rren t I i n  the  e lement or ci rcu i t  

S  =  UI 

Note  1  to  en try:  The  coheren t  S I  u n i t  for apparen t  power i s  vo l tampere,  VA.  

Note  2  to  en try:  A two-term ina l  e l emen t  or ci rcu i t  refers  to  a  s i ng l e-phase  equ i pmen t  or system.  

[SOURCE:  I EC  60050-1 31 : 201 3,  1 31 -1 1 -41 ,  mod i fied  – the  existi ng  note  1  has  been  removed  
and  a  note  2  has  been  added . ]  

3.9   
active  power 
P 
under period ic cond i tions,  mean  value,  taken  over one  period  T,  of the  i nstantaneous  power 
p(t)  

∫=
T

dttp
T

P
0

)(
1

 

Note  1  to  en try:  The  coheren t  S I  u n i t  for acti ve  power i s  watt,  W.  

Note  2  to  en try:  When  the  vo l tage  or cu rren t  con ta i n  i n terharmon i c  componen ts ,  often  the i r waveforms  are  no  
more  peri od i c.  I n  th i s  documen t,  the  acti ve  power i s  approximated  by the  mean  va l ue  of the  i n stan taneous  power,  
taken  over an  i n teger number of peri ods  of the  a . c.  power supp l y system  (see  5 . 3 . 1  and  5 . 1 . 4 ) .  Th i s  defi n i ti on  i s  
a l so  u sed  u nder period i c  cond i ti ons  i n  th i s  documen t (see  6 . 3  and  C l ause  A. 3) .  

[SOURCE:  I EC  60050-1 31 : 201 3,  1 31 -1 1 -42,  mod i fied  – the  existi ng  note  1  has  been  removed  
and  a  note  2  has  been  added . ]  

3.1 0   
non-active  power 
Q~ 
for a  two-terminal  e lement or a  two-terminal  ci rcu i t  under period ic cond i tions,  quan ti ty equal  
to  the  square  root of the  d i fference  of the  squares  of the  apparen t power S  and  the  active  
power P  

Q~ 22 PS −=  

Note  1  to  en try:  The  coheren t  S I  u n i t  for non -acti ve  power i s  vo l tampere,  VA.  The  specia l  name  "var"  and  i ts  
symbol  "var"  are  a l so  u sed .  See  I EC  60050-1 31 : 201 3,  1 31 -1 1 -45.  

Note  2  to  en try:  A two-term ina l  e l emen t  or ci rcu i t  refers  to  a  s i ng l e-phase  equ i pmen t  or system.  

[SOURCE:  I EC  60050-1 31 : 201 3,  1 31 -1 1 -43,  mod i fied  – the  existing  note  1  has  been  removed  
and  a  note  2  has  been  added . ]  
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3.1 1   
reactive  power 
Q 
for a  l i near two-terminal  e lement or two-terminal  ci rcu i t,  under s i nusoidal  cond i tions,  quan ti ty 
equal  to  the  product of the  apparen t power S  and  the  s i ne  of the  d isplacement ang le  φ  

Q  =  Ssinϕ  

Note  1  to  en try:  The  coheren t  S I  u n i t  for reacti ve  power i s  vo l tampere,  VA.  The  specia l  n ame  var and  i ts  symbol  
var are  a l so  u sed .  See  I EC  60050-1 31 : 201 3 ,  1 31 -1 1 -45.  

Note  2  to  en try:  A two-term ina l  e l emen t  or ci rcu i t  refers  to  a  s i ng l e-phase  equ i pmen t  or system.  

Note  3  to  en try:  When  the  cond i ti ons  are  not  s i nusoi da l ,  there  i s  no  i n ternati onal  consensus  on  a  defi n i ti on  of the  
reacti ve  power.  I n stead ,  severa l  defi n i t i ons  of the  reacti ve  power exi st.  I n  some  documen ts ,  the  reacti ve  power i s  
taken  as  the  non -acti ve  power,  bu t  there  are  many other formu lae .  

[SOURCE:  I EC  60050-1 31 : 201 3,  1 31 -1 1 -44,  mod i fied  – the  existing  note  1  has  been  removed  
and  notes  2  and  3  have  been  added . ]  

3.1 2   
power factor 
λ  
ratio  of the  absolu te  value  of the  active  power P  to  the  apparen t power S  

S

P
=λ  

Note  1  to  en try:  Under s i nusoi da l  cond i ti ons ,  the  power factor i s  the  absol u te  va l ue  of the  acti ve  factor.  

[SOURCE:  I EC  60050-1 31 : 2002,  1 31 -1 1 -46,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components. ]  

3.1 3   
d isplacement ang le  
phase  d i fference ang le  
φ  
u nder s inusoidal  cond i tions,  phase  d i fference  between  the  vol tage  appl ied  to  a  l i near two-
terminal  e lement or two-terminal  ci rcu i t  and  the  e lectric curren t i n  the  e lement or ci rcu i t  

Note  1  to  en try:  The  cos i ne  of the  d i sp l acemen t  ang l e  i s  the  acti ve  factor.  

Note  2  to  en try:  A two-term ina l  e l emen t  or ci rcu i t  refers  to  a  s i ng l e-phase  equ i pmen t  or system.  

[SOURCE:  I EC  60050-1 31 : 2002,  1 31 -1 1 -48,  mod i fied  – a  note  2  has  been  added . ]  

3.1 4  
active  factor 
for a  two-terminal  e lement or a  two-terminal  ci rcu i t  under s i nusoidal  cond i tions,  ratio  of the  
active  power to  the  apparen t power 

Note  1  to  en try:  The  acti ve  factor i s  equal  to  the  cos ine  of the  d i sp l acemen t ang l e ,  and  can  vary from  –1  to  +1 .  

Note  2  to  en try:  A two-term ina l  e l emen t  or ci rcu i t  refers  to  a  s i ng l e-phase  equ i pmen t  or system.  

[SOURCE:  I EC  60050-1 31 : 2002,  1 31 -1 1 -49,  mod i fied  – a  note  2  has  been  added . ]  

3.1 5   
fundamental  component 
fundamental  
sinusoidal  component of the  Fourier series  of a  period ic quan ti ty having  the  frequency of the  
quan ti ty i tsel f 
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[SOURCE:  I EC  60050-1 03:2009,  1 03-07-1 9]  

3.1 6   
reference fundamental  component 
conventional l y chosen  s inusoidal  component of a  quan ti ty,  to  the  frequency of wh ich  a l l  the  
other components  are  referred  

Note  1  to  en try:  The  term  i s  u sed  when ,  for a  peri od ic  quan ti ty,  the  chosen  componen t  d i ffers  from  the  
fundamen ta l  componen t,  or when  the  quan ti ty i s  not  peri od i c  d ue  to  i n terharmon i c  componen ts .  

Note  2  to  en try:  I n  th i s  documen t,  the  componen t  havi ng  the  frequency of the  a . c.  suppl y system  i s  chosen  as  the  
reference  fundamen ta l  componen t.  

[SOURCE:  I EC  60050-1 03: 2009,  1 03-07-20,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components  and  a  note  2  added . ]  

3.1 7   
fundamental  frequency 
frequency of the  fundamental  component of a  period ic quan ti ty 

[SOURCE:  I EC  60050-1 03:2009,  1 03-07-21 ]  

3.1 8   
reference  fundamental  frequency 
frequency of the  reference  fundamental  component 

Note  1  to  en try:  The  term  i s  u sed  when ,  for a  peri od i c  quan ti ty,  the  reference  fundamen ta l  componen t  d i ffers  from  
the  fundamen ta l  componen t,  or when  the  quan ti ty i s  not  peri od i c  d ue  to  i n terharmon i c  componen ts .  

[SOURCE:  I EC  60050-1 03: 2009,  1 03-07-22,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components. ]  

3.1 9   
harmonic frequency 
frequency wh ich  i s  an  i n teger mu l tip le  g reater than  one  of the  fundamental  frequency or of 
the  reference  fundamental  frequency 

Note  1  to  en try:  When  a  reference  fundamen ta l  frequency i s  defi ned ,  i t  i s  u sed  i n  p l ace  of the  fundamen ta l  
frequency.  

Note  2  to  en try:  I n  th i s  documen t,  the  harmon i c frequencies  are  a lways  re l ated  to  the  frequency of the  a . c.  power 
suppl y system.  

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-05,  mod i fied  – add i tion  of notes  1  and  2 . ]  

3.20   
in terharmonic frequency 
frequency wh ich  i s  a  non-in teger mu l tip le  of the  reference  fundamental  frequency 

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-06]  

3.21   
harmonic component 
sinusoidal  component of a  quan ti ty having  a  harmon ic frequency 

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-07,  mod i fied  – defin i tion  extended  to  quan ti ties  
con tain ing  i n terharmon ic components. ]  

Copyright International  Electrotechnical  Commission  



I EC  TR 61 000-1 -7: 201 6  © I EC  201 6  – 1 3  –  

3.22   
in terharmonic component 
sinusoidal  component of a  quan ti ty having  an  i n terharmon ic frequency 

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-08,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
contain ing  i n terharmon ic components. ]  

3.23   
harmonic order 
ratio  of the  frequency of any s inusoidal  component to  the  fundamental  frequency or the  
reference  fundamental  frequency 

Note  1  to  en try:  The  harmon i c order of the  fundamen ta l  componen t  or the  reference  fundamen ta l  componen t  i s  
one .  

Note  2  to  en try:  When  a  reference  fundamen ta l  frequency i s  d efi ned ,  i t  i s  u sed  i n  p l ace  of the  fundamen ta l  
frequency.  

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-09,  mod i fied  – add i tion  of note  2 . ]  

3.24  
total  d istortion  content 
quanti ty obtained  by subtracting  from  a  quan ti ty i ts  d i rect component and  i ts  fundamental  
component or i ts  reference  fundamental  component 

Note  1  to  en try:  The  tota l  d i s torti on  con ten t  i ncl udes  harmon i c  componen ts  and  i n terharmon i c  componen ts  i f any.  

Note  2  to  en try:  When  a  reference  fundamen ta l  frequency i s  defi ned ,  the  reference  fundamen ta l  componen t  i s  
u sed  i n  p l ace  of the  fundamen ta l  componen t.  

Note  3  to  en try:  The  tota l  d i s torti on  con ten t  i s  a  t ime  functi on .  

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-1 1 ,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components  and  note  4  deleted . ]  

3.25   
harmonic content 
sum  of the  harmon ic components  of a  quanti ty 

Note  1  to  en try:  The  harmon i c  con ten t  i s  a  t ime  functi on .  

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-1 2 ,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components  and  notes  2  and  3  deleted . ]  

3.26   
total  harmonic ratio  
total  harmonic d istortion  
THD  
ratio  of the  r.m. s.  va lue  of the  harmon ic con ten t to  the  r.m. s.  va lue  of the  fundamental  
component or the  reference  fundamental  component of a  quan ti ty 

Note  1  to  en try:  When  a  reference  fundamen ta l  frequency i s  defi ned ,  the  reference  fundamen ta l  componen t  i s  
u sed  i n  p l ace  of the  fundamen ta l  componen t.  

Note  2  to  en try:  The  tota l  harmon i c  ra ti o  can  be  approximated  by l im i ti n g  the  ca l cu l ati on  up  to  a  certa i n  harmon i c  
order.  

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-1 3,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components. ]  
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3.27   
total  d istortion  ratio  
ratio  of the  r.m. s.  va lue  of the  tota l  d i stortion  content to  the  r.m. s .  va lue  of the  fundamental  
component or the  reference  fundamental  component of a  quan ti ty 

Note  1  to  en try:  When  a  reference  fundamen ta l  frequency i s  defi ned ,  the  reference  fundamen ta l  componen t  i s  
u sed  i n  p l ace  of the  fundamen ta l  componen t.  

Note  2  to  en try:  The  tota l  d i s torti on  rati o  can  be  approximated  by l im i ti ng  the  ca l cu l ati on  up  to  a  certa i n  harmon i c  
order.  

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-1 4,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components. ]  

3.28   
fundamental  factor 
ratio  of the  r.m. s.  value  of the  fundamental  component or the  reference  fundamental  
component to  the  r.m. s.  value  of a  quan ti ty 

Note  1  to  en try:  When  a  reference  fundamen ta l  frequency i s  defi ned ,  the  reference  fundamen ta l  componen t  i s  
u sed  i n  p l ace  of the  fundamen ta l  componen t.  

[SOURCE:  I EC  60050-551 : 2001 ,  551 -20-1 7,  mod i fied  – defin i ti on  extended  to  quan ti ti es  
con tain ing  i n terharmon ic components. ]  

4 General  

Th is  Techn ical  Report provides  defin i ti ons  of various  e lectrical  power quan ti ti es  and  the  
re lationsh ip  between  them,  when  a  vol tage  u(t)  i s  appl ied  to  a  s i ng le-phase  equ ipment or 
system,  i(t)  being  the  cu rren t fl owing  i n  the  equ ipment or system.  

The  fol lowing  cases  are  considered :  

•  I n  Clause  5,  the  general  case  i s  described .  The  vol tage  and  curren t are  both  d i storted  and  
can  con tain  d . c. ,  harmon ic and  i n terharmon ic components.  

•  I n  Clause  6,  the  vol tage  i s  assumed  to  be  s i nusoidal  and  the  cu rren t i s  on ly d i storted  wi th  
harmon ic components.  

•  I n  Annex A,  the  vol tage  and  cu rren t are  both  s i nusoidal .  

I n  th i s  document,  the  reference  fundamental  frequency i s  the  frequency of the  a. c.  supply 
power system  (assumed  to  be  constan t,  bu t not necessari l y equal  to  the  rated  value  of 50  Hz 
or 60  Hz)  and  a l l  harmon ic or i n terharmon ic frequencies  are  re lated  to  th is  frequency.  

I n  the  parti cu lar case  where  the  vol tage  i s  s i nusoidal  and  the  curren t does  not contain  
i n terharmon ic components,  these  quanti ties  are  period ic and  thei r fundamental  frequency i s  
equal  to  the  frequency of the  a. c.  power supply system.  Therefore,  the  term  "reference  
fundamental  frequency"  i s  replaced  by the  term  "fundamental  frequency"  i n  C lause  6  and  
Annex A.  

I n  th i s  Techn ical  Report,  the  harmon ic order of harmon ic or i n terharmon ic components  i s  not 
l im i ted .  Bu t,  i n  practical  appl i cations,  the  harmon ic order may be  l im i ted  to  a  speci fied  order 
hmax.  Usual l y,  hmax  i s  equal  to  40  or 50.  

NOTE  h
max

 can  be  as  l ow as  1 5  for performance  measuremen t and  mon i tori ng  devi ces  (PMDs)  defi ned  by 
I EC  61 557-1 2 .  
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5 Electric  power quanti ties  under non-sinusoidal  condi tions  

5.1  Vol tages  and  currents  

5. 1 . 1  Instantaneous  values  

For steady-state  cond i tions,  the  non-sinusoidal  i nstan taneous  value  of the  vol tage  or curren t 
i s  the  sum  of a  d . c.  component,  a  s i nusoidal  component at  the  power system  frequency and  
s i nusoidal  components  at harmon ic or i n terharmon ic frequencies.  

( ) ( )∑
≠
>

+⋅++⋅+=

1
0

110 sin2sin2)(

m
m

mm tmUtUUtu αωαω  

( ) ( )∑
≠
>

+⋅++⋅+=

1
0

110 sin2sin2)(

m
m

mm tmItIIti βωβω  

where  

u(t)  i s  the  i nstan taneous  value  of the  vol tage  at  time  t;  

U0  i s  the  d . c.  component of the  vol tage;  

U1  i s  the  r.m. s.  va lue  of the  reference  fundamental  component of the  vol tage;  

ω  i s  the  angu lar frequency correspond ing  to  the  reference  fundamental  frequency;  

t  i s  the  time;  

α1  i s  the  i n i ti a l  phase  of the  reference  fundamental  component of the  vol tage;  

m  i s  the  harmon ic order (m  i s  a  posi tive  real  number d i fferent from  0  and  1 .  I t  i s  an  i n teger 
number for harmon ic components  and  a  non-in teger number for i n terharmon ic 
components) ;  

Um  i s  the  r.m. s.  va lue  of the  vol tage  harmon ic or i n terharmon ic component of order m ;  

αm  i s  the  i n i ti a l  phase  of the  vol tage  harmon ic or i n terharmon ic component of order m ;  

i(t)  i s  the  i nstan taneous  value  of the  cu rrent at  time  t;  

I0  i s  the  d . c.  component of the  cu rren t;  

I1  i s  the  r.m. s.  value  of the  reference  fundamental  component of the  cu rrent;  

β1  i s  the  i n i ti a l  phase  of the  reference  fundamental  component of the  cu rren t;  

Im  i s  the  r.m. s.  value  of the  cu rren t harmon ic or i n terharmon ic component of order m ;  

βm  i s  the  i n i ti a l  phase  of the  curren t harmon ic or i n terharmon ic component of order m .  

The  non-sinusoidal  i nstan taneous  value  of the  vol tage  or curren t can  a l so  be  wri tten  as  the  
sum  of th ree  terms:  

)()()( D10 tutuUtu ++=  

)()()( D10 titiIti ++=  

where  

u1 (t)  i s  the  reference  fundamental  component of the  vol tage  at time  t  (see  5. 1 . 2);  

uD(t)  i s  the  total  d i stortion  con ten t of the  vol tage  at time  t  (see  5. 1 . 3);  

i1 (t)  i s  the  reference  fundamental  component of the  cu rren t at  time  t  (see  5. 1 . 2);  

iD(t)  i s  the  tota l  d i stortion  con ten t of the  curren t at  time  t  (see  5. 1 . 3) .  
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5.1 .2  Reference fundamental  components  

The  reference  fundamental  component of the  vol tage  (curren t)  i s  defined  as  the  s inusoidal  
component of the  vol tage  (curren t)  having  the  frequency of the  a . c.  power supply system:  

( )111 sin2)( αω +⋅= tUtu  

( )111 sin2)( βω +⋅= tIti  

5.1 .3  Total  d istortion  contents  

The  tota l  d i stortion  con ten t of the  vol tage  (curren t)  i s  obtained  by subtracting  the  d i rect 
component and  the  reference  fundamental  component from  the  i nstan taneous  value  of the  
vol tage  (current):  

)()()( 10D tuUtutu −−=  

)()()( 10D tiItiti −−=  

Therefore,  accord ing  to  5 . 1 . 1 :  
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5.1 .4  RMS  values  of the  vol tage  and  current 

I n  th is  document,  the  r.m. s.  va lue  of the  vol tage  U (cu rrent I)  i s  defined  as  the  posi ti ve  
square  root of the  mean  value  of the  square  of the  vol tage  (current)  taken  over an  i n teger 
number of periods  of the  a . c.  power supply system:  

[ ]∫
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where  

T i s  the  reciprocal  of the  reference  fundamental  frequency;  

k i s  an  i n teger number;  

τ  i s  the  time  when  the  measurement starts.  

NOTE  I f the  vol tage  and  cu rren t  are  on l y d i storted  wi th  harmon ic  componen ts ,  then  a  measuremen t t ime  i n terva l  
kT enabl es  the  correct  measu remen t  of r.m . s.  and  power va l ues.  I f the  vol tage  or the  cu rren t  con ta i n  i n terharmon ic  

componen ts,  r.m . s .  and  power va l ues  are  i ncorrectl y measured ,  u n l ess  the  measuremen t t ime  i n terval  kT i n cl udes  
an  i n teger number of the  peri od  of each  i n terharmon ic  componen t.  For practi ca l  s i tuati ons  when  the  bu l k  of the  
power i s  carri ed  by the  reference  fundamen ta l  componen ts ,  such  errors  are  smal l .  The  l arger the  measuremen t  
t ime  i n terval  kT,  the  l ess  s i gn i fi can t  the  errors  caused  by i n terharmon i c  componen ts  become.  For more  
i n formati on ,  see  I EEE  Std  1 459-201 0.  Practi ca l  methods  to  eva l uate  s i gna l s  that  con ta i n  i n terharmon i cs  or 
fl uctuati ng  componen ts  are  presen ted  i n  the  fu tu re  I EC  TR 61 000-4-40 .  
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These  quan ti ti es  are  the  sum  of several  terms:  

2
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2 UUUU ++=  

2
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2
1

2
0

2 IIII ++=  

where  

U0  i s  the  d . c.  component of the  vol tage;  

U1  i s  the  r.m. s.  va lue  of the  reference  fundamental  component of the  vol tage;  

UD  i s  the  r.m. s.  va lue  of the  tota l  d i stortion  con ten t of the  vol tage  (see  5. 1 . 5);  

I0  i s  the  d . c.  component of the  cu rren t;  

I1  i s  the  r.m. s.  value  of the  reference  fundamental  component of the  cu rrent;  

ID  i s  the  r.m. s.  value  of the  total  d i stortion  con ten t of the  cu rren t  (see  5. 1 . 5) .  

5.1 .5  RMS  values  of total  d istortion  contents  

Accord ing  to  the  defin i tion  g iven  i n  5 . 1 . 3,  the  r.m. s.  value  of the  tota l  d i stortion  con ten t of the  
vol tage  (curren t)  i s  defined  as  fol l ows:  
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Accord ing  to  5 . 1 . 3 ,  these  quan ti ti es  are  a l so  g iven  by:  
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5.1 .6  DC  ratios  

The  d . c.  ratio  of the  vol tage  DCRU  (cu rren t DCR I )  i s  defined  as  the  ratio  of i ts  d . c.  component 
to  the  r.m. s.  value  of i ts  reference  fundamental  component:  

1

0
U U

U
DCR =  

1

0
I I

I
DCR =  

5.1 .7  Total  d istortion  ratios  

The  tota l  d i stortion  ratio  of the  vol tage  TDRU  (cu rrent TDR I )  i s  defined  as  the  ratio  of the  
r.m. s.  va lue  of i ts  tota l  d i stortion  con ten t to  the  r.m. s.  va lue  of i ts  reference  fundamental  
component:  
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1

D
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1
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NOTE  I f there  i s  no  i n terharmon i c  componen t,  the  tota l  d i s torti on  ra ti o  i s  equal  to  the  tota l  harmon i c rati o  THD  
(a l so  ca l l ed  tota l  harmon i c  d i s torti on ) .  See  6 . 1 . 6 .  

5.2  Instantaneous  power 

Accord ing  to  defin i tion  3 . 7,  the  i nstan taneous  power p(t)  i s  defined  as  the  product of the  
vol tage  u(t)  and  the  e lectric cu rren t i(t) :  

)()()( titutp ⋅=  

5.3  Defin i tions  related  to  the  active  power 

5.3. 1  Active  power 

When  the  vol tage  or cu rren t contain  i n terharmon ic components,  often  thei r waveforms  are  no  
l onger period ic.  I n  that case,  an  approximation  of the  active  power P  i s  the  mean  value,  taken  
over an  i n teger number of periods  kT,  of the  i nstan taneous  power p(t) :  
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NOTE  See  a l so  the  note  i n  5 . 1 . 4 .  

The  active  power i s  the  sum  of several  components:  
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where  

φm  i s  the  phase  ang le  between  the  vol tage  and  curren t components  of order m .  

ϕm  =  αm  –  βm  

The  active  power can  a lso  be  wri tten  as  the  sum  of th ree  terms:  

P =  P0  +  P1  +  PD  

where  

P0  i s  the  d . c.  power (see  5. 3. 2);  

P1  i s  the  fundamental  active  power (see  5. 3. 3);  

PD  i s  the  d istortion  active  power ( i nclud ing  harmon ic and  i n terharmon ic power)  (see  5. 3 . 4) .  

5.3.2  DC  power 

The  d . c.  power P0  i s  defined  as  the  product of the  d i rect component of the  vol tage  and  the  
d i rect component of the  cu rrent:  

P0  =  U0I0  
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5.3.3  Fundamental  active  power 

The  fundamental  active  power P1  i s  defined  as  the  mean  value,  taken  over an  i n teger number 
of periods  kT,  of the  product of the  reference  fundamental  components  of the  vol tage  u1 (t)  
and  the  cu rren t i1 (t) :  

[ ]∫
+

⋅=
kT

dttitu
kT

P
t

t

)()(
1

111  

The  fundamental  active  power i s  a l so  g iven  by:  

P1  =  U1 I1 cosϕ1  

5.3.4 Distortion  active  power 

The  d i stortion  active  power PD  i s  obtained  by subtracting  the  d . c.  power P0  and  the  
fundamental  acti ve  power P1  from  the  active  power P:  

PD  =  P  –  P0  –  P1  

Accord ing  to  5. 3 . 1 ,  the  d i stortion  active  power i s  a l so  g iven  by:  

∑
≠
>

=

1
0

D cos

m
m

mmmIUP ϕ  

5.4 Defin i tions  related  to  the  apparent power 

5.4. 1  Apparent power 

The  apparen t power S  i s  defined  as  the  product of the  r.m. s.  va lue  of the  vol tage  U and  the  
r.m. s.  va lue  of the  e lectric cu rrent I:  

S  =  U ⋅  I 

NOTE  The  apparen t  power corresponds  to  the  maximum  acti ve  power that  can  be  transmi tted  to  a  l oad  or system  
th rough  a  g i ven  l i n e ,  wh i l e  keep i ng  the  r.m . s.  va l ue  of the  vol tage  constan t  and  the  l i ne  l osses  constan t.  Th i s  
maximum  va l ue  of acti ve  power i s  obta i ned  when  the  l oad  or system  i s  supp l i ed  wi th  i n  phase  s i nusoi da l  vo l tage  
and  cu rren t.  

Using  the  separation  of the  r.m. s.  vol tage  and  cu rren t i n to  thei r main  components  (see  5. 1 . 4),  
the  apparent power can  a l so  be  wri tten  as  fol l ows:  

( ) ( )2D2
1

2
0

2
D

2
1

2
0

2 IIIUUUS ++×++=  

( ) ( ) ( )[ ] ( ) ( )[ ]21D
2

10
2

1D
2

10
2

11
2 //1//1 IIIIUUUUIUS ++×++×=  

2
I

2
I

2
U

2
U1 11 TDRDCRTDRDCRSS ++×++×=  

where  

S  i s  the  apparent power;  

S1  i s  the  fundamental  apparen t power (see  5. 4 . 2);  

DCRU  i s  the  d . c.  ratio  of the  vol tage;  
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TDRU  i s  the  total  d i stortion  ratio  of the  vol tage;  

DCR I  i s  the  d . c.  ratio  of the  cu rren t;  

TDR I  i s  the  tota l  d i stortion  ratio  of the  curren t.  

5.4.2  Fundamental  apparent power 

The  fundamental  apparen t power S1  i s  defined  as  the  product of the  r.m. s.  values  of the  
reference  fundamental  component of the  vol tage  U1  and  the  reference  fundamental  
component of the  cu rrent I1 :  

111 IUS =  

As  for the  parti cu lar case  where  the  vol tage  and  curren t are  both  s i nusoidal ,  the  fundamental  
apparen t power has  two  components:  

2
1

2
1

2
1

QPS +=  

where  

P1  i s  the  fundamental  acti ve  power;  

Q1  i s  the  fundamental  reactive  power.  

1111 cosϕIUP =  

1111 sinϕIUQ =  

5.5  Defin i tions  related  to  the  power factor 

5.5. 1  Power factor 

As under period ic cond i tions,  the  power factor λ  i s  defined  as  the  ratio  of the  absolu te  value  
of the  active  power P  to  the  apparen t power S:  

S

P
=λ  

NOTE  S i nce  the  apparen t  power i s  the  maximum  acti ve  power that  can  be  transmi tted  to  a  l oad  or system  
th rough  a  g i ven  l i ne  (see  5 . 4 . 1 ) ,  the  power factor i s  a  u ti l i zati on  factor i n d i cator.  

Using  the  separation  of the  active  power and  apparen t power i n to  thei r main  components  
(see  5. 3 . 1  and  5. 4 . 1 ) ,  the  power factor can  be  wri tten  as  fol l ows:  

( ) ( )
2
I

2
I

2
U

2
U1

1D101

11

//1

TDRDCRTDRDCRS

PPPPP

++×++×

++×
=λ  

So,  the  power factor can  be  wri tten  as  the  product of two  factors:  

N1 λλλ ⋅=  

where  

λ1  i s  the  fundamental  power factor (see  5. 5. 2) ;  

λN  i s  the  non-fundamental  power factor (see  5. 5. 3) .  
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5.5.2  Fundamental  power factor 

The  fundamental  power factor λ1  i s  defined  as  the  ratio  of the  absolu te  value  of the  
fundamental  acti ve  power P1  to  the  fundamental  apparen t power S1 :  

1

1
1 S

P
=λ  

Accord ing  to  5 . 4 . 2 ,  the  fundamental  power factor i s  a l so  g iven  by:  

11 cosϕλ =  

The  fundamental  power factor on ly refers  to  fundamental  quan ti ti es.  

NOTE  The  fundamen ta l  power factor i s  sometimes  ca l l ed  d i sp l acemen t  factor or d i sp l acemen t  power factor.  

5.5.3  Non-fundamental  power factor 

The  non-fundamental  power factor λN  i s  defined  as  the  ratio  of the  power factor λ  to  the  
fundamental  power factor λ1 :  

1
N λ

λ
λ =  

Therefore,  accord ing  to  5 . 5. 1  and  5. 5. 2 :  

( ) ( )
2
I

2
I

2
U

2
U

1D10
N

11

//1

TDRDCRTDRDCR

PPPP

++×++

++
=λ  

The  non-fundamental  power factor on ly refers  to  non-fundamental  quanti ties:  d i rect,  harmon ic 
and  i n terharmon ic components.  

5.6  Summary 

The  defin i tions  re lated  to  power quanti ties  or i nd icators  g iven  i n  5 . 3  to  5 . 5  are  summarized  i n  
Table  1 .  

Table  1  – Summary of the  power quanti ties  under non-sinusoidal  condi tions  

Quanti ty or i nd icator Combined  Fundamental  Non-fundamental  

Apparen t  power S 

(VA)  

S
1
 

(VA)  

2
1

2 SS −  

(VA)  

Acti ve  power P  

(W)  

P
1
 

(W)  

DPP +0  

(W)  

Non  acti ve  power 
22 PS −  

(var)  

Q
1
 

(var)  
( )2D0

2
1

2 PPSS +−−  

(var)  

Power factor SP /=λ  11 cosϕλ =  1/ λλλ =N  

 

Copyright International  Electrotechnical  Commission  



 –  22  – I EC  TR 61 000-1 -7: 201 6  © I EC  201 6  

6 Electric  power quanti ties  wi th  a  s inusoidal  vol tage  and  a  current d istorted  

on ly wi th  harmonics  

6.1  Vol tages  and  currents  

6. 1 . 1  Instantaneous  values  

I n  C lause  6 ,  the  vol tage  i s  assumed  to  be  s i nusoidal  ( th i s  assumption  can  be  made  wi th  a  

smal l  error on  power quan ti ties  when  TDRU  <  5  %;  for more  i n formation ,  see  6 . 1 . 4 ,  6 . 3 ,  6 . 4 . 1  
and  6 . 5. 1 )  and  the  cu rren t assumed  to  have  no  d . c.  component and  to  be  d istorted  on ly wi th  
harmon ic components.  I n  th is  case,  the  reference  fundamental  frequency,  wh ich  i s  the  
frequency of the  a . c.  power supply system,  i s  equal  to  the  fundamental  frequency of the  
Fourier series.  For steady-state  cond i tions,  the  i nstan taneous  values  of the  vol tage  and  
curren t are  defined  as  fol l ows:  

( )11 sin2)( αω +⋅= tUtu  

( ) ( )∑
∞

=

+⋅++⋅=
2

11 sin2sin2)(

h
hh thItIti βωβω  

where  

u(t)  i s  the  i nstan taneous  value  of the  vol tage  at time  t;  

U1  i s  the  r.m. s.  va lue  of the  vol tage;  

ω  i s  the  angu lar frequency correspond ing  to  the  fundamental  frequency;  

t  i s  the  time;  

α1  i s  the  i n i ti a l  phase  of the  vol tage;  

i(t)  i s  the  i nstan taneous  value  of the  cu rrent at  time  t;  

I1  i s  the  r.m. s.  value  of the  fundamental  component of the  curren t;  

β1  i s  the  i n i ti a l  phase  of the  fundamental  component of the  cu rren t;  

h  i s  the  harmon ic order (h  i s  an  i n teger number);  

Ih  i s  the  r.m. s.  value  of the  cu rren t harmon ic component of order h ;  

βh  i s  the  i n i ti a l  phase  of the  cu rren t harmon ic component of order h .  

The  i nstan taneous  value  of the  vol tage  or cu rren t can  a lso  be  wri tten  as  fol lows:  

)()( 1 tutu =  

)()()( H1 tititi +=  

where  

u1 (t)  i s  the  fundamental  component of the  vol tage  at  time  t  (see  6. 1 . 2);  

i1 (t)  i s  the  fundamental  component of the  cu rren t at time  t  (see  6 . 1 . 2) ;  

iH (t)  i s  the  harmon ic con ten t of the  curren t at time  t  (see  6 . 1 . 3).  

6.1 .2  Fundamental  components  

The  fundamental  component of the  vol tage  (curren t)  i s  defined  as  the  s i nusoidal  component 
of the  Fourier series  of the  vol tage  (current)  having  the  frequency of the  a . c.  power supply 
system:  

( )111 sin2)( αω +⋅= tUtu  
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( )111 sin2)( βω +⋅= tIti  

6.1 .3  Harmonic content of the  current 

The  harmon ic con ten t of the  cu rren t i s  defined  as  the  sum  of the  harmon ic components  of the  
cu rren t:  

( )∑
∞

=

+⋅=
2

H sin2)(

h
hh thIti βω  

6.1 .4 RMS  values  of the  vol tage  and  current 

The  r.m. s.  va lue  of the  vol tage  U (curren t I)  i s  defined  as  the  posi tive  square  root of the  mean  
value  of the  square  of the  vol tage  (curren t)  taken  over an  i n teger number of periods  of the  
a . c.  power supply system:  

[ ]∫
+

=
kT

dttu
kT

U
t

t

2
)(

1
 

[ ]∫
+

=
kT

dtti
kT

I
t

t

2
)(

1
 

where  

T i s  the  reciprocal  of the  fundamental  frequency;  

k i s  an  i n teger number;  

τ  i s  the  time  when  the  measurement starts.  

These  quan ti ties  can  a l so  be  wri tten  as  fol l ows:  

1UU =  

2
H

2
1

2 III +=  

where  

I
1
 i s  the  r.m. s.  va lue  of the  fundamental  component of the  cu rren t;  

I
H
 i s  the  r.m. s.  value  of the  harmon ic con ten t of the  cu rren t  (see  6 . 1 . 5).  

NOTE  The  above  formu la ,  assuming  that  the  vo l tage  i s  s i n usoi da l ,  yi e l ds  an  error l ess  than  0 , 1 5  %  on  the  r.m . s .  

va l ue  of the  vol tage  U,  when  TDR
U
 <  5  % .  

6.1 .5  RMS value  of the  harmonic content of the  current 

The  r.m. s.  va lue  of the  harmon ic con ten t of the  cu rren t IH  can  be  wri tten  as  fol lows:  

2
1

22
H

III −=  

Accord ing  to  6 . 1 . 3 ,  th is  quan ti ty i s  a l so  g iven  by:  

∑
∞

=

=
2

22
H

h
hII  
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6.1 .6  Total  harmonic ratio  of the  current 

The  tota l  harmon ic ratio  (a l so  cal l ed  total  harmon ic d i stortion )  of the  cu rrent THD I  i s  defined  
as  the  ratio  of the  r.m. s.  va lue  of i ts  harmon ic con ten t to  the  r.m. s.  va lue  of i ts  fundamental  
component:  

1

H
I I

I
THD =  

6.1 .7  Fundamental  factor 

The  fundamental  factor of the  curren t gI  i s  defined  as  the  ratio  of the  r.m. s.  va lue  of i ts  
fundamental  component to  the  r.m. s.  va lue  of the  cu rren t i tsel f:  

I

I
g 1
I =  

Accord ing  to  6 . 1 . 4  and  6 . 1 . 6 ,  the  fundamental  factor i s  a l so  g iven  by:  

2
I

I
1

1

THD
g

+
=  

6.2  Instantaneous  power 

The  i nstan taneous  power p(t)  i s  sti l l  defined  as  the  product of the  vol tage  u(t)  and  the  e lectric 
cu rren t i(t) :  

)()()( titutp ⋅=  

6.3  Active  power 

The  active  power P  i s  defined  as  the  mean  value,  taken  over an  i n teger number of periods  kT,  
of the  i nstantaneous  power p(t) :  

∫
+

=
kT

dttp
kT

P
t

t

)(
1

 

I n  the  case  where  the  vol tage  waveform  i s  s i nusoidal ,  the  active  power reduces  to  i ts  
fundamental  component:  

111 cosϕIUP =  

where  

φ1  i s  the  phase  ang le  between  the  fundamental  vol tage  and  curren t components.  

111 βαϕ −=  

NOTE  The  above  formu la ,  assuming  that  the  vol tage  i s  s i nusoi da l ,  yi e l d s  an  error l ess  than  a  few per cen t  on  the  

va l ue  of the  acti ve  power P,  when  TDR
U
 <  5  % .  Th i s  error i s  h i gh l y dependen t  on  the  harmon i c  con ten t  of the  

cu rren t.  I t  i s  genera l l y l ess  than  1  % ,  bu t  can  exceed  5  %  i n  some  excepti onal  cases.  
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6.4 Defin i tions  related  to  the  apparent power 

6.4. 1  Apparent power 

The  apparen t power S i s  sti l l  defined  as  the  product of the  r.m. s.  value  of the  vol tage  U and  
the  r.m. s.  value  of the  e lectric cu rren t I:  

IUS ⋅=  

NOTE  1  The  apparen t  power corresponds  to  the  maximum  acti ve  power that  can  be  transmi tted  to  a  l oad  or 
system  th rough  a  g i ven  l i ne ,  wh i l e  keepi ng  the  r.m . s .  va l ue  of the  vol tage  constan t  and  the  l i ne  l osses  constan t.  
Th i s  maximum  va l ue  of acti ve  power i s  obta i ned  when  the  l oad  or system  i s  suppl i ed  wi th  a  s i nusoi da l  cu rren t  i n  
phase  wi th  the  vo l tage.  

Using  the  separation  of the  r.m. s.  curren t i n to  i ts  main  components  (see  6 . 1 . 4) ,  the  apparen t 
power can  a l so  be  wri tten  as  fol lows:  

( )2
H

2
1

2
1

2 IIUS +⋅=  

2
I1 1 THDSS +⋅=  

where  

S  i s  the  apparent power;  

S1  i s  the  fundamental  apparent power (see  6 . 4 . 2) ;  

THD I  i s  the  tota l  harmon ic ratio  of the  cu rren t.  

NOTE  2  The  above  formu la ,  assuming  that  the  vol tage  i s  s i nusoi da l ,  yi e l ds  an  error l ess  than  0 , 1 5  %  on  the  va l ue  

of the  apparen t  power S,  when  TDR
U
 <  5  % .  

6.4.2  Fundamental  apparent power 

The  fundamental  apparen t power S1  i s  defined  as  the  product of the  r.m. s.  values  of the  
fundamental  component of the  vol tage  U1  and  the  fundamental  component of the  curren t I1 :  

S1  =  U1 I1  

As  for the  parti cu lar case  where  the  vol tage  and  curren t are  both  s i nusoidal ,  the  fundamental  
apparen t power has  two  components.  

2
1

2
1

2
1

QPS +=  

where  

P1  i s  the  fundamental  active  power (wh ich  i s  equal  to  the  active  power i n  th i s  case);  

Q1  i s  the  fundamental  reactive  power.  

1111 cosϕIUP =  

1111 sinϕIUQ =  

6.5  Defin i tions  related  to  the  power factor 

6.5. 1  Power factor 

The  power factor λ  i s  sti l l  defined  as  the  ratio  of the  absolu te  value  of the  active  power P  to  
the  apparen t power S:  
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S

P
=λ  

NOTE  1  S i nce  the  apparen t  power i s  the  maximum  acti ve  power that  can  be  transmi tted  to  a  l oad  or system  
th rough  a  g i ven  l i n e  (see  6 . 4 . 1 ) ,  the  power factor i s  a  u ti l i zati on  factor i nd i cator.  

Accord ing  to  6 . 3,  6 . 4  and  6 . 1 . 7 ,  the  power factor can  be  wri tten  as  fol lows:  

1I
2
I11

111
cos

1

cos
ϕ

ϕ
λ ⋅=

+⋅
= g

THDIU

IU
 

I n  th i s  case,  the  power factor can  sti l l  be  wri tten  as  the  product of two  factors:  

N1 λλλ ⋅=  

where  

λ1  i s  the  fundamental  power factor (see  6 . 5. 2);  

λN  i s  the  non-fundamental  power factor (see  6 . 5. 3).  

NOTE  2  The  above  formu lae,  assum ing  that  the  vol tage  i s  s i nusoi da l ,  yi e l d  errors  l ess  than  a  few per cen t  on  the  

va l ues  of the  power factor λ  and  the  non -fundamenta l  power factor λ
N
 (see  6 . 5 . 3) ,  when  TDR

U
 <  5  % .  Th i s  error i s  

h i gh l y d ependen t  on  the  harmon i c  con ten t  of the  cu rren t.  I t  i s  genera l l y l ess  than  1  % ,  bu t  can  exceed  5  %  i n  some  
excepti onal  cases.  

6.5.2  Fundamental  power factor 

The  fundamental  power factor λ1  i s  sti l l  defined  as  the  ratio  of the  absolu te  value  of the  
fundamental  active  power P1  to  the  fundamental  apparent power S1 :  

1

1
1 S

P
=λ  

The  fundamental  power factor i s  a l so  g iven  by:  

11 cosϕλ =  

NOTE  The  fundamen ta l  power factor i s  sometimes  ca l l ed  d i sp l acemen t factor or d i sp l acemen t  power factor.  

6.5.3  Non-fundamental  power factor 

The  non-fundamental  power factor λN  i s  sti l l  defined  as  the  ratio  of the  power factor λ  to  the  
fundamental  power factor λ1 :  

1
N λ

λ
λ =  

Therefore:  

2
I

IN

1

1

THD
g

+
==λ  

I n  th i s  case,  the  non-fundamental  power factor i s  equal  to  the  fundamental  factor of the  
curren t.  
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NOTE  See  a l so  Note  2  i n  6 . 5 . 1 .  

6.6  Summary 

The  defin i tions  re lated  to  power quanti ties  or i nd icators  g iven  i n  6 . 3  to  6 . 5  are  summarized  i n  
Table  2 .  

Table  2  – Summary of the  power quanti ties  wi th  a  s inusoidal   
vol tage  and  a  current d istorted  on ly wi th  harmonics  

Quanti ty or i nd icator Combined  Fundamental  Non-fundamental  

Apparen t  power S  

(VA)  

S
1
 

(VA)  

2
1

2 SS −  

(VA)  

Acti ve  power P  

(W)  

P
1
 

(W)  

0  

Non  acti ve  power 
22 PS −  

(var)  

Q
1
 

(var)  

2
1

2 SS −  

(var)  

Power factor SP /=λ  11 cosϕλ =  

2
I

IN

1

1

THD
g

+
==λ  
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Annex A 
(normative)  

 

E lectric power quanti ties  under sinusoidal  condi tions  

A.1  Instantaneous  values  of the  vol tage and  current 

I n  Annex A,  the  case  of a  l i near l oad  suppl ied  by a  s i nusoidal  vol tage  source  i s  considered .  
The  cu rren t flowing  th rough  the  l oad  i s  thus  a l so  s i nusoidal .  The  i nstan taneous  values  of the  
vol tage  and  cu rren t can  be  defined  as  fol lows:  

( )ϕω +⋅= tUtu sin2)(  

( )tIti ωsin2)( ⋅=  

where  

u(t)  i s  the  i nstantaneous  value  of the  vol tage  at time  t;  

U i s  the  r.m. s.  va lue  of the  vol tage;  

ω  i s  the  angu lar frequency correspond ing  to  the  fundamental  frequency;  

t  i s  the  time;  

φ  i s  the  i n i tia l  phase  of the  vol tage  ( i n  Annex A,  φ  i s  a l so  the  d isplacement ang le;  see  
3 . 1 3) ;  

i(t)  i s  the  i nstan taneous  value  of the  cu rren t at  time  t;  

I i s  the  r.m. s.  value  of the  cu rren t;  

The  vol tage  l eads  the  cu rrent when  φ  >  0  and  l ags  the  curren t when  φ  <  0  (see  F igures  A. 1  
and  A. 2).  

 

Figure  A. 1  – I l lustration  of the  d isplacement ang le  (φ)   

when  the  vol tage  leads  the  current,  φ  >  0  
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Figure  A.2  – I l lustration  of the  d isplacement ang le  (φ )   

when  the  vol tage  lags  the  current,  φ  <  0  

A.2  Instantaneous  power 

The  i nstan taneous  power p(t)  i s  defined  as  the  product of the  i nstan taneous  values  of the  
vol tage  u(t)  and  the  cu rren t i(t) :  

p(t)  =  u(t)  ⋅  i(t)  

When  the  vol tage  and  cu rren t are  both  s i nusoidal ,  the  i nstan taneous  power can  be  wri tten  as  
the  sum  of two  components:  

p(t)  =  pa(t)  +  pq (t)  

where  

pa(t)  i s  the  i nstantaneous  active  power;  

pq (t)  i s  the  i nstantaneous  reactive  power.  

( )[ ] ϕω coswith2cos1)(a UIPtPtp =−⋅=
 

( ) ϕω sinwith2sin)(q UIQtQtp =⋅=
 

The  i nstantaneous  active  power i s  produced  by the  active  component of the  cu rren t ( i . e .  the  
component that i s  i n  phase  wi th  the  vol tage).  Th is  component i s  a lways  posi tive,  so  the  
correspond ing  energy flows  un id i rectional ly from  the  source  to  the  l oad .  

The  i nstantaneous  reactive  power i s  produced  by the  reactive  component of the  curren t ( i . e .  
the  component that i s  i n  quadrature  wi th  the  vol tage).  Th is  component osci l l ates  and  
corresponds  to  the  e lectromagnetic energy stored  wi th in  the  magnetic fi e l d  of i nductors  and  
the  e lectric fie l d  of capaci tors  i n  the  l oad ,  wh ich  i s  exchanged  wi th  the  source  twice  a  period .  
The  average  value  of the  i nstan taneous  reactive  power i s  zero  and  the  net transfer of the  
correspond ing  energy to  the  l oad  i s  zero,  bu t these  power osci l l ations  cause  add i tional  power 
l osses  i n  the  network conductors.  
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A.3  Active  power 

The  active  power P  i s  defined  as  the  mean  value,  taken  over an  i n teger number of periods  kT,  
of the  i nstan taneous  power p(t) :  

∫
+

=
kT

dttp
kT

P
t

t

)(
1

 

where  

T i s  the  reciprocal  of the  fundamental  frequency;  

k i s  an  i n teger number;  

τ  i s  the  time  when  the  measurement starts.  

Under s i nusoidal  cond i tions,  the  active  power i s  a l so  g iven  by:  

P  =  UIcosϕ  

A.4 Reactive  power 

Under s inusoidal  cond i tions,  the  reactive  power Q  i s  defined  as  the  quan ti ty equal  to  the  

product of the  apparent power S  (see  Clause  A.5)  and  the  s i ne  of the  d i splacement ang le  ϕ :  

Q  =  UIsinϕ  

NOTE  When  the  l oad  i s  i nducti ve ,  Q  >  0  and  the  cu rren t  l ags  the  vo l tage.  When  the  l oad  i s  capaci ti ve ,  Q  <  0  and  
the  cu rren t  l eads  the  vo l tage.  

A.5 Apparent power 

The  apparen t power i s  defined  as  the  product of the  r.m. s.  values  of the  vol tage  U and  the  
cu rren t I:  

S  =  U ⋅  I 

Under s inusoidal  cond i tions,  the  apparen t power,  the  active  power and  the  reactive  power are  
l i nked  accord ing  to  the  fol l owing  formu la:  

22 QPS +=  

NOTE  The  apparen t  power corresponds  to  the  maximum  acti ve  power that  can  be  transmi tted  to  the  l oad  th rough  
a  g i ven  l i ne ,  wh i l e  keepi ng  the  r.m . s .  va l ue  of the  vol tage  constan t  and  the  l i ne  l osses  constan t.  Th i s  maximum  
va l ue  of acti ve  power i s  obta i ned  when  the  l oad  i s  suppl i ed  wi th  a  s i nusoi da l  cu rren t  i n  phase  wi th  the  vol tage.  

A.6  Power factor 

The  power factor λ  i s  defined  as  the  ratio  of the  absolu te  value  of the  active  power P  to  the  
apparen t power S:  

S

P
=λ  

NOTE  S i nce  the  apparen t  power i s  the  maximum  acti ve  power that  can  be  transmi tted  to  the  l oad  (see  Cl ause  
A. 5) ,  the  power factor i s  a  u ti l i zati on  factor i n d i cator.  
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Under s i nusoidal  cond i tions,  the  power factor i s  a l so  g iven  by:  

ϕλ cos=  
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Annex B  
( informative)  

 

Fundamental  active  factor 

B.1  Fundamental  active  factor and  i ts  use 

The  fundamental  acti ve  factor cos  φ1  i s  used  to  describe  the  behaviour of the  l oad  at the  
reference  fundamental  frequency.  As  i t  i s  the  ratio  of the  fundamental  acti ve  power to  the  
fundamental  apparent power 

1

1
1cos

S

P
=ϕ  

i t  i s  posi ti ve  when  the  l oad  consumes  active  power and  negative  when  energy i s  recovered  
from  the  l oad .  

NOTE  The  fundamen ta l  acti ve  factor i s  often  ca l l ed  d i sp l acemen t factor or d i sp l acemen t power factor.  

When  the  absolu te  value  of the  fundamental  acti ve  factor i s  l ess  than  1 ,  the  l oad  e i ther 
consumes  or del i vers  fundamental  reactive  power.  The  s ign  of the  fundamental  reactive  
power can  be  i nd icated  by a  subscript i n  the  numerical  va lue  of the  fundamental  acti ve  factor.  

I f the  l oad  consumes  fundamental  reactive  power,  that i s ,  Q1  >  0 ,  the  subscript  i nd  i s  used ,  
for example  cos  φ1  =  0 , 8 i nd .  For the  production  of fundamental  reactive  power,  Q1  <  0 ,  the  
subscript  cap  i s  used .  

B.2  Consumer convention  

The  s ign  convention  common ly used  wi th  l oads  i s  shown  i n  F igure  B . 1 .  

NOTE  Other conven ti ons  exi st.  For example ,  see  I EC  61 557-1 2 .  
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Figure  B.1  – Consumer s ign  convention  of the  fundamental  active  factor,   
fundamental  active  power and  fundamental  reactive  power 
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