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A b s t r a c t  
 
T h e i nf l u ence o f  no rm al  m o de no i s e o n t h e accu racy o f  t rans m i s s i o n o f  
s t andard res i s t ance u ni t s  u s i ng  act i v e res i s t ance i m i t at o rs  i s  anal ys ed.  Al s o  
t h e i nf l u ence o f  s el ect ed m et h o ds  o f  no i s e at t enu at i o n o n dynam i c 
ch aract eri s t i cs  o f  act i v e res i s t ance i m i t at o rs  i s  i nv es t i g at ed.  T h e dynam i c 
erro rs  and t rans i t i o n t i m e o f  i np u t  s i g nal s  are det erm i ned.  T h e i nv es t i g at i o n 
res u l t s  s h o w  t h at  t h e o p t i m i s at i o n o f  t h e no i s e redu ct i o n and o f  t h e 
dynam i c ch aract eri s t i cs  o f  act i v e res i s t ance i m i t at o rs  u nder real  i ndu s t ri al  
co ndi t i o ns  i s  p o s s i b l e b y t h e ap p ro p ri at e s el ect i o n o f   f req u ency-dep endent  
el em ent s .  
 
K e y w o r d s :  act i v e res i s t ance i m i t at o rs ,  no i s e,  f req u ency ch aract eri s t i cs ,  
t rans i t i o n t i m e,  dynam i c erro rs  o f  res i s t ance i m i t at i o n.  
 
W p ł y w  m et o d t ł u m i eni a z akł ó c eń  na  
c h arakt ery st y ki  dy nam i c z ne  
akt y w ny c h  i m i t at o ró w  rez y st anc j i  

 
S t r e s z c z e n i e  

 
Prz eanal i z o w ano  w p ł yw  z ak ł ó ceń  ró w no l eg ł ych  na do k ł adno ś ć  
p rz ek az yw ani a j edno s t k o w ej  m i ary w z o rca rez ys t ancj i  z a p o m o cą  
ak t yw nych  i m i t at o ró w  rez ys t ancj i .  Prz eb adano  w p ł yw  w yb ranych  m et o d 
t ł u m i eni a z ak ł ó ceń  na ch arak t erys t yk i  dynam i cz ne ak t yw nych  i m i t at o ró w  
rez ys t ancj i .  W yz nacz o no  b ł ę dy dynam i cz ne o raz  cz as  u s t al ani a w art o ś ci  
s yg nał ó w  w ej ś ci o w ych .  W yni k i  b adań  w yk az ał y,  ż e m o ż l i w a j es t  
o p t ym al i z acj a o dp o rno ś ci  na z ak ł ó ceni a i  ch arak t erys t yk  dynam i cz nych  
ak t yw nych  i m i t at o ró w  rez ys t ancj i  w  ro b o cz ych  w aru nk ach  ek s p l o at acj i  
p o p rz ez  o dp o w i edni  do b ó r el em ent ó w  z al eż nych  o d cz ę s t o t l i w o ś ci .  
 
S ł o w a  k l u c z o w e :  ak t yw ne i m i t at o ry rez ys t ancj i ,  z ak ł ó ceni a,  
ch arak t erys t yk i  cz ę s t o t l i w o ś ci o w e,  cz as  u s t al ani a,  b ł ę dy dynam i cz ne 
i m i t o w ani a rez ys t ancj i .  
 
1 .  I nt ro du c t i o n 
 
T h e  b a s i s  f o r  k e e p i n g  h i g h  m e t r o l o g i c a l  r e l i a b i l i t y  o f  m e a s u r i n g  

i n s t r u m e n t s  i s  p e r i o d i c a l  c h e c k i n g  o f  m e t r o l o g i c a l  c h a r a c t e r i s t i c s  
i n  t h e i r  w o r k i n g  c o n d i t i o n s .  T h e  t r a d i t i o n a l  m e t h o d  o f  v e r i f i c a t i o n  
i s  r e a l i s e d  b y  d i s m a n t l i n g  t h e  i n s t r u m e n t s  f r o m  t e c h n o l o g i c a l  
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o b j e c t s  a n d  t r a n s p o r t i n g  t h e m  t o  c o n d i t i o n i n g  p l a c e s  w h e r e  n o r m a l  
c o n d i t i o n s  f o r  t h e  v e r i f i c a t i o n  a r e  c r e a t e d .  T h a t  w a y  o f  v e r i f i c a t i o n  
i s  c h a r a c t e r i s e d  b y  b o t h  o r g a n i s a t i o n a l  a n d  t e c h n i c a l  
i n c o n v e n i e n c e s ,  a s  w e l l  a s  f i n a n c i a l  e x p e n s e s .  M o r e o v e r ,  t h e  
v e r i f i c a t i o n  o f  m e a s u r i n g  i n s t r u m e n t s  i n  s u c h  “ p u r i f i e d ”  
c o n d i t i o n s  d o e s  n o t  a l l o w  d e t e r m i n i n g  c o r r e c t l y  a l l  m e t r o l o g i c a l  
p r o p e r t i e s  w h i c h  c a n  a p p e a r  i n  w o r k i n g  c o n d i t i o n s  a n d  r e v e a l i n g  
( a n d  t h e n  t a k i n g  i n t o  a c c o u n t )  a l l  t h e  f a c t o r s  c a u s i n g  e r r o r s .   
T h e r e  a r e  a  l o t  o f  i n d u s t r i a l  p l a n t s  w h e r e  b o t h  d i s m a n t l i n g  t h e  

m e a s u r i n g  i n s t r u m e n t s  a n d  s e t t i n g  t h e  m e a s u r e s  o f  s t a n d a r d  
q u a n t i t i e s  f o r  v e r i f i c a t i o n  d i r e c t l y  a t  t h e  i n p u t s  o f  m e a s u r i n g  
d e v i c e s  −  o r  a t  t h e  i n p u t s  o f  m e a s u r i n g  c h a n n e l s  – i s  i m p o s s i b l e .  
T h e n  t h e  p r o b l e m  o f  t h e  t r a n s m i s s i o n  o f  s t a n d a r d  m e a s u r e  u n i t s  
o v e r  d i s t a n c e  −  i n  p a r t i c u l a r  f o r  r e s i s t a n c e  s t a n d a r d s  −  e m e r g e s .  
T h u s ,  t h e  a c c u r a c y  o f  t r a n s m i t t i n g  t h e  r e s i s t a n c e  s t a n d a r d  u n i t s  
o v e r  c o n s i d e r a b l e  d i s t a n c e s  i s  r e l a t e d  t o  o v e r c o m i n g  t h e  i n f l u e n c e  
o f  b u s  c o n n e c t i o n  r e s i s t a n c e s  a n d  e x t e r n a l  n o i s e s .  I n  s u c h  
c o n d i t i o n s  i t  i s  r e a s o n a b l e  t o  b u i l d  t h e  m e a s u r e s  o f  r e s i s t a n c e  
b a s e d  o n  a c t i v e  r e s i s t a n c e  i m i t a t o r s  ( A R I s )  [ 1 ] .  I n  i n d u s t r i a l  
w o r k i n g  c o n d i t i o n s ,  b o t h  i n t e r n a l  a n d  e x t e r n a l  e l e c t r i c  c i r c u i t s  o f  
a c t i v e  r e s i s t a n c e  i m i t a t o r s  a r e  e x p o s e d  t o  n o i s e ,  w h i c h  c h a n g e s  t h e  
v a l u e  o f  t h e  v o l t a g e  b e t w e e n  t h e  p o i n t s  o f  t h e  r e s i s t a n c e  i m i t a t i o n .  
T h e  n o i s e  i n t e r f e r e s  i n  t h e  m e a s u r i n g  c i r c u i t s  i n  w h i c h  A R I s  a r e  
p l u g g e d ,  m a i n l y  t h r o u g h  t h e  p a r a s i t e  g a l v a n i c  c o n n e c t i o n s  
b e t w e e n  t h e  s o u r c e  o f  n o i s e  a n d  t h e  m e a s u r i n g  c i r c u i t s ,  a s  w e l l  a s  
t h e  r e s u l t  o f  e l e c t r o m a g n e t i c  a n d  e l e c t r o s t a t i c  i n d u c t i o n  o n   
a  t r a n s m i s s i o n  l i n e  a n d  o n  s o m e  a r e a s  o f  e l e c t r i c  c i r c u i t s  o f  A R I s .  
T h e  i n c r e a s e  i n  p o w e r  c o n s u m p t i o n  b y  i n d u s t r i a l  e q u i p m e n t  −  
b o t h  e l e c t r o m e c h a n i c a l  a n d  t e c h n o l o g i c a l  −  c a u s e s  t h e  s h a r p  
i n c r e a s e  i n  t h e  i n t e n s i t y  o f  i n d u s t r i a l  n o i s e  [ 2 ,  3 ] .  T h e  n o i s e  
i n v o l v e s  a  g r o w t h  o f  t h e  r e s i s t a n c e  i m i t a t i o n  e r r o r .  T h u s ,  t h e  e r r o r  
c a n  e x c e e d  n o t  o n l y  t h e  v a l u e  o f  t h e  a c c e p t a b l e  b a s i c  e r r o r ,  b u t  
s o m e t i m e s  t h e  v a l u e  o f  t h e  i m i t a t e d  r e s i s t a n c e  [ 4 ] .  
T h e  e f f o r t s  t o  r e d u c e  t h e  i m p a c t  o f  n o i s e  o n  t h e  e r r o r  o f  

r e s i s t a n c e  r e s t o r a t i o n  w o r s e n  b o t h  t h e  f r e q u e n c y  a n d  t r a n s f e r  
c h a r a c t e r i s t i c s  o f  A R I s .  T h a t  i m p l i e s  t h a t  r e s e a r c h  o n  m e t h o d s  f o r  
i n c r e a s i n g  t h e  n o i s e  r e d u c t i o n  a n d  i t s  i m p a c t  o n  d y n a m i c  
c h a r a c t e r i s t i c s  o f  A R I s  a r e  e s s e n t i a l .  
 

2 .  M et h o ds f o r redu c i ng  t h e i m p ac t  o f  no rm al 
m o de no i se 

 
I n  [ 5 ]  i t  i s  s h o w n  t h a t  i n  o r d e r  t o  r e d u c e  t h e  i m p a c t  o f  n o r m a l  

m o d e  n o i s e  i n  a  f o u r -w i r e  A R I ,  i t  i s  n e c e s s a r y  t o  t r y  t o  e q u a l i z e  
t h e  n o i s e  i n  t r a n s m i s s i o n  l i n e s .  E q u a l i z a t i o n  o f  n o i s e  i n  a l l  
t r a n s m i s s i o n  l i n e s  c a n  b e  o b t a i n e d  b y  m e a n s  o f  t h e  e q u a l i t y  o f  
p a r a m e t e r s  o f  g a l v a n i c  c o n n e c t i o n s  b e t w e e n  t h e  s o u r c e  o f  n o i s e  
a n d  s e p a r a t e  t r a n s m i s s i o n  l i n e s .  F o r  e q u a l i z a t i o n  o f  p a r a m e t e r s  o f  
g a l v a n i c  c o n n e c t i o n s ,  t h e  w e l l -k n o w n  c o n s t r u c t i v e  m e t h o d s  
( s c r e e n i n g ,  m e s h  s h i e l d  w i r i n g  o f  t r a n s m i s s i o n  l i n e s ,  g r o u n d i n g ,  
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etc.) are applied. However, they do not allow  complete 
eliminating  the impact of  nois e on s ig nals  in the meas u ring  
circu its  [ 6 ] . For redu cing  the impact of  nois e, als o s tru ctu ral 
methods  are u s ed [ 4 , 7 ] . S ince common methods  f or nois e 
redu ction u s ed du ring  voltag e meas u rement cannot b e applied to 
A R I s , s ome s pecial methods  f or redu ction of  the nois e impact on 
the res is tance imitation error are needed. 
T he s tru ctu ral s cheme of  the A R I  with compens ation of  the 

impact of  normal mode nois e in all trans mis s ion lines  is  s hown in 
Fig . 1 . 
For eq u aliz ation of  the nois e in the f irs t and s econd 

trans mis s ion lines , the circu it of  f orming  a compens ative cu rrent 
( C FC C ), b u ilt on the operational amplif ier DА2 , with the res is tors  
R1, R2 and R3 in f eedb ack  loops  is  incorporated. T hen, the A R I  
s tatic characteris tic f u nction is  des crib ed b y  
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where ez1, еz2, еz3, еz4 are the valu es  of  the nois e voltag e in 
corres ponding  lines ;  µ is  the g ain f actor of  a code-controlled 
voltag e divider C C D;  I i n  is  the inpu t cu rrent valu e;  Ic is  the  
compens ative cu rrent valu e;  R0 is  the s tandard res is tor res is tance 
valu e;  k is  the amplif ication f actor of  the operational amplif ier 
DА3. 
W hen R0R2 = R1R3 , the C FC C  f orms  the cu rrent 
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A s s u ming  that the error of  f orming  the compens ative cu rrent is  

neg lig ib le, the trans f orm f u nction is  f ou nd as  
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F i g .  1 .   T h e  e q u i v a l e n t  s t r u c t u r a l  s c h e m e  o f  t h e  A R I  w i t h  c o m p e n s a t i o n   

o f  n o r m a l  m o d e  n o i s e  
R y s .  1 .   S t r u k t u r a l n y  s c h e m a t  z a s t ę p c z y  a k t y w n e g o  i m i t a t o r a  r e z y s t a n c j i   

z  k o m p e n s a c j ą  w p ł y w u  z a k ł ó c e ń  r ó w n o l e g ł y c h  
 
T he eq u aliz ing  of  the nois e in the s econd and f ou rth 

trans mis s ion lines  is  achieved b y ins erting  additional capacitive 
connections  which provide eq u al potentials  of  the variab le 
component b oth in the s econd and f ou rth line. T he nois e in the 
third line is  redu ced du e to the f eedb ack  of  the ou tpu t amplif ier, 

placed in the circu it containing  this  line. S o, the ef f iciency of  
nois e attenu ation depends  only on the amplif ication f actor of  the 
operational amplif ier DА3. T o redu ce the capacity of  C2 in s eries  
with the res is tance of  link  R L 2, the res is tor R is  added. 
T he eq u ivalent valu e of  nois e b etween the points  1  and 2  −  

when neg lecting  the errors  cau s ed b y limitation of  the 
amplif ication f actor of  op-amps  and f orming  of  Ic −  can b e 
ex pres s ed as  
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where ω denotes  radian f req u ency. 
T he attenu ation f actor of  nois e inf lu ence ( in decib els ) is  eq u al:  
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where Û12 is  the max imal valu e of  nois e b etween the points  1  and 2 . 
A f ter s u b s titu ting  ( 4 ) and other relations  into ( 5 ), the f ollowing  

f ormu la is  ob tained:  
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T he attenu ation f actor of  nois e depends  on the valu es  of  R0, R, 

C1 and C2. T he  inves tig ation res u lts  s how that the nois e redu ction 
f actor increas es  b y 2 0  dB  when the  capacity С1 valu e or the 
res is tance R valu e increas es  b y one decimal order. T he increas e in 
the valu es  of  С1 and R is  limited f irs tly b y the inpu t s ig nal 
trans ition time, s econdly b y the op-amp inpu t res is tance and 
f inally b y the capacitor s iz e and res idu al res is tance. T he optimal 
valu e of  capacity С2 is  1 0  µF. 
 

3. A n a l y s i s  o f  A R I  d y n a m i c  p r o p e r t i e s  
 
For the pu rpos e of  analys ing  how f req u ency-dependent 

elements  inf lu ence the dynamic errors  of  res is tance imitation, the 
imitated res is tance as  a f req u ency-dependent f u nction of  the inpu t 
s ig nal is  determined:  
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where R2=R L 2+R. 
T he valu es  of  capacities  C1 and C2, as  well as  the res is tance R 

valu e af f ect the error of  res is tance imitation. A s  s hown in Fig . 2 , 
the decreas e in b oth C2 and R ex tends  the f req u ency rang e of  the 
res is tance imitation. T he valu e of  C1 does  not ex ert inf lu ence on 
the f req u ency rang e. 
T he inpu t s ig nal trans ition time is  a dis tinctive f eatu re f or 

operation of  A R I . T he time-domain analys is  of  the A R I  
characteris tic can b e made b y means  of  the operational method 
applied to calcu lations  of  trans ient perf ormance. 
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Fi g .  2 .   D e p e n d e n c e  o f  t h e  i m i t a t e d  r e s i s t a n c e  v a l u e  o n  f r e q u e n c y :  1  – R = 1 0  kΩ ,  

C1 = 1 0  µF,  С2 = 1 0 0  µF;  2  – R = 1 0  kΩ ,  C1 = 1 0  µF,  С2 = 1 0  µF;  3  – R = 1 0  kΩ ,  
C1 = 1 0 0  µF,  С2 = 1 0  µF;  4  - R = 1 0  kΩ ,  C1 = 1 0  µF,  С2= 1  µF;  5  – R = 1  kΩ ,  
C1 = 1 0  µF,  С2 = 1 0  µF 

R y s .  2 .   Z a l e ż n o ś ć  w a r t o ś c i  i m i t o w a n e j  r e z y s t a n c j i  o d  c z ę s t o t l i w o ś c i  
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Fi g .  3 .   R e l a t i v e  d y n a m i c  e r r o r  o f  r e s i s t a n c e  i m i t a t i o n  
R y s .  3 .   B ł ą d  w z g l ę d n y  d y n a m i c z n y  i m i t o w a n i a  r e z y s t a n c j i  

 
T h e  f o r m u l a  d e sc r i b i n g  t h e  v o l t a g e  b e t w e e n  t h e  p o i n t s o f  

r e si st a n c e  i m i t a t i o n  1 a n d  2  a f t e r  sw i t c h i n g  t h e  A R I  a t  t h e  st a r t i n g  
m o m e n t  t = 0  −  u n d e r  z e r o  i n i t i a l  c o n d i t i o n s −  t o  t h e  so u r c e  o f  
m e a su r e  o f  1 v o l t  (w i t h  o u t p u t  r e si st a n c e  Rout )  c a n  b e  e x p r e sse d  i n  
o p e r a t i o n a l  f o r m  a s:  
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w h e r e  R i m  i s e q u a l :  
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T o  r e t u r n  t o  t h e  t i m e -d o m a i n  f u n c t i o n , t h e  i n v e r se  L a p l a c e  

t r a n sf o r m a t i o n  i s a p p l i e d :  
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= .               (10 )  
 
T h e  r e l a t i v e  d y n a m i c  e r r o r  o f  r e si st a n c e  i m i t a t i o n  i s g i v e n  b y :   
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w h e r e  Un(t )  i s t h e  n o m i n a l  v a l u e  o f  t h e  o u t p u t  v o l t a g e  b e t w e e n  t h e  
p o i n t s o f  r e si st a n c e  i m i t a t i o n . 
U si n g  M a th Ca d  p a c ka g e , t h e  g r a p h  o f  t h e  r e l a t i v e  d y n a m i c  

e r r o r  δ  o f  r e si st a n c e  i m i t a t i o n  v e r su s t i m e  t (F i g . 3 ) , a n d  t h e  g r a p h s 

o f  t h e  o u t p u t  si g n a l  t r a n si t i o n  t i m e  tt v e r su s R a n d  C1 (F i g . 4 )  a n d  
C2 (F i g . 5 )  w e r e  o b t a i n e d . 
T h e  a n a l y si s o f  t h o se  g r a p h s sh o w s t h a t  t h e  t r a n si t i o n  t i m e  tt 

d e p e n d s o n  R a n d  C2, a n d  p r a c t i c a l l y  i s i n d e p e n d e n t  o f  C1. T h e  
t r a n si t i o n  t i m e  tt d u r a t i o n  d o e s n o t  e x c e e d  1 s  i f  t h e  v a l u e s o f  R 
a n d  C2 d o  n o t  e x c e e d  10  kΩ a n d  10  µ F , r e sp e c t i v e l y . I f  R o r  C2 
i n c r e a se  t e n f o l d , t h e  t r a n si t i o n  t i m e  tt w i l l  e x c e e d  4  s. 
M o r e o v e r , t h e  A R I  o p e r a t i o n  w a s si m u l a t e d  u si n g  p r o g r a m  

E l e c tr o n i c s  W o r k b e n c h  . I n  t h a t  i n v e st i g a t i o n  a  r e c t a n g u l a r  p u l se  
t r a i n  (a m p l i t u d e  1V , t h e  g e n e r a t o r  o u t p u t  r e si st a n c e  1kΩ)  w a s 
d e l i v e r e d  t o  t h e  A R I  o u t p u t  w h i c h  i m i t a t e d  t h e  v a l u e  1 kΩ, a n d  
t r a n si t i o n  t i m e  w a s e st i m a t e d . T h e  o sc i l l o g r a m s o f  t r a n si t i o n  
p r o c e sse s a t  t h e  A R I  o u t p u t  f o r  d i f f e r e n t  v a l u e s o f  R, C1 a n d  C2 
a r e  sh o w n  i n  F i g . 6 . 
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F i g .  4 .   D e p e n d e n c e  o f  t h e  o u t p u t  s i g n a l  t r a n s i t i o n  t i m e  o n :  a )  t h e  v a l u e  o f  

r e s i s t a n c e  R; b )  t h e  v a l u e  o f  c a p a c i t y  C1  
R y s .  4 .   Z a l e ż n o ś ć  c z a s u  t r w a n i a  s t a n u  p r z e j ś c i o w e g o  o d :  a )  w a r t o ś c i  r e z y s t a n c j i  R ,  

b )  w a r t o ś c i  p o j e m n o ś c i  C1 
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F i g .  5 .   D e p e n d e n c e s  o f  t h e  i n p u t  s i g n a l  t r a n s i t i o n  t i m e  o n  t h e  v a l u e  o f  c a p a c i t y  C2 
R y s .  5 .  Z a l e ż n o ś ć  c z a s u  t r w a n i a  s t a n u  p r z e j ś c i o w e g o  o d  w a r t o ś c i  p o j e m n o ś c i  C2 
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F i g .  6 .   T h e  o u t p u t  s i g n a l  o f  A R I  v s .  t i m e  
R y s .  6 .   Z m i e n n o ś ć  s y g n a ł u  w y j ś c i o w e g o  i m i t a t o r a  r e z y s t a n c j i  w  c z a s i e  
 
T h e  o b t a i n e d  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  t r a n s i e n t  p r o c e s s  i s  

m o s t l y  i n f l u e n c e d  b y  R a n d  C2;  a n  i n c r e a s e  i n  b o t h  R a n d  C2 
i n v o l v e s  a n  i n c r e a s e  i n  t h e  A R I  o u t p u t  s i g n a l  t r a n s i t i o n  t i m e .  T h e  
c h a n g e  i n  v a l u e  o f  C1 i n v o l v e s  o n l y  m i n u t e  c h a n g e s  i n  t h e  
t r a n s i e n t  p r o c e s s ,  e s p e c i a l l y  w h e n  C 1≤ 1 0 µ F .  T h e  s i m u l a t i o n  
r e s u l t s  a g r e e  w e l l  w i t h  t h e  m o d e l l e d  o n e s .   
 

4. C o n c l u s i o n s  
 
T h e  n o i s e  c a n  c o n s i d e r a b l y  a f f e c t  t h e  r e s i s t a n c e  e r r o r  i n  A R I .  

U s i n g  t h e  c i r c u i t  f o r m i n g  a   c o m p e n s a t i v e  c u r r e n t  a n d  a d d i t i o n a l  
c a p a c i t i v e  c o n n e c t i o n s ,  i t  i s  a c h i e v a b l e  t o  r e d u c e  t h e  n o i s e  i n  a l l  
t r a n s m i s s i o n  l i n e s  o f  A R I .  I t  i s  p o s s i b l e  t o  m a k e  a  t r a d e -o f f  
b e t w e e n  t h e  n o i s e  r e d u c t i o n  a n d  t h e  A R I  d y n a m i c  c h a r a c t e r i s t i c s  
i n  s p e c i f i c  i n d u s t r i a l  c o n d i t i o n s  b y  m a t c h i n g  t h e  c a p a c i t o r s  C1,  C2 
a n d  a d d i t i o n a l  r e s i s t o r  R .  F o r  o p t i m i s a t i o n  o f  A R I  c h a r a c t e r i s t i c s  
( i t s  e r r o r  o f  r e s i s t a n c e  i m i t a t i o n ,  n o i s e  r e d u c t i o n  f a c t o r ,  f r e q u e n c y  
r a n g e ,  i n p u t  s i g n a l  t r a n s i t i o n  t i m e )  i t  i s  r e c o m m e n d e d  t o  a p p l y  
f r e q u e n c y -d e p e n d e n t  e l e m e n t s  w h i c h  c a n  b e  a d j u s t e d  a c c o r d i n g  t o  
r e a l  c o n d i t i o n s  o f  e x p l o i t a t i o n .  
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