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time 

Power 

Start of delivery End of delivery 

Elementary energy packet with energy dE 

For every elementary energy packet  
there holds the equation: 
dE = dP * dt 

Pulse 

The power profile is composed of the 
multiple integer of the power dP 

2 3 5 5 4 4 4 5 5 2 1 

Time interval dt 

dP 

Energy frame: Value of power in a given time  
interval 



!

! !

!

789:*(;%&!<!=>=>!?@A!B?!

Z!

!

!
"#$%!G!H*3*!-*4D/3,!*1)!/1/0$+!-*4D/3,!*0/!71*26#$7(7,5+!*,,#$1/)!3(!/*48!(38/0!*1)!*0/!30*1,-(03/)!380(7$8!)#99/0/13!

1/3.(0D,?!-(./0!$0#)!*1)!3/5/4(2271#4*3#(1!1/3.(0D%!

"8I!$45!(&!K#!#5'F*#D1!&%4&!&%#!#5#*;:!&*45')(''(85!E(T#D!(5!&%#!$85&*4$&!I(HH!K#!*#4H(6#Df!C%#!G#:!8E!
&%#!98I#*/K:/$85&*4$&!89#*4&(85!9*(5$(9H#!('!&%4&!&%#!98I#*!EH8I!('!E(*)H:!&(#D!&8!&%#!$85&*4$&,!C%F'1!&%#!
98I#*!EH8I!&8I4*D'!&%#!H84D'!('!;F4*45&##D!K:!&%#!$85&*4$&!45D!E8*$#D!&8!&4G#!4!9*#/D#&#*)(5#D!I4:!
&%*8F;%!&%#!JF45&F)!?*(D,!C8!(HHF'&*4&#!&%('!(5!4!L#*:!'()9H#!I4:!'##!`(;,!Z1!(5!I%($%!4!'8F*$#!('!
$855#$&#D!&8!&%*##!'(5G',!C%#!H#E&!9($&F*#!*#9*#'#5&'!4!'(&F4&(85!(5!&%#!&*4D(&(854H!;*(D1!&%#!*(;%&!85#!4!
'(&F4&(85!(5!&%#!JF45&F)!?*(D,!

!

!
"#$%!I!F/93?!J1!*!30*)#3#(1*5!$0#)K!38/!-(./0!95(.,!*44(0)#1$!3(!38/!5*.,!(9!L#0488(99!*1)!M82%!N#$83?!J1!38/!=7*1372!>0#)K!38/!

-(./0!95(.!#,!4(130(55/)!*1)!9(04/)!3(!3*D/!*!-0/O)/3/02#1/)!.*+ *3!/*48!1()/!#1!38/!$0#)!6+!=7*1372!>0#)!N(73/0,%!!

C%#!'8F*$#!('!$855#$&#D!&8!&%*##!(D#5&($4H!'(5G'!K:!&*45')(''(85!H(5#'!I(&%!()9#D45$#'!j21!j=!45D!j-1!
K#(5;!j-!&%#!%(;%#'&!()9#D45$#,!MF#!&8!&%#!H4I'!8E!a%)!45D!b(*$%%8EE1!&%#!;*#4&#'&!98I#*!
&*45')(''(85!I(HH!&4G#!9H4$#!4H85;!&%#!H8I#'&!()9#D45$#!U`(;,!Z1!H#E&W,!!!

@E!I#!4''F)#!4!$85&*4$&!(5!4!&*4D(&(854H!;*(D!K#&I##5!&%#!'8F*$#!45D!'(5G!-1!$855#$&#D!K:!4!H(5#!I(&%!
&%#!%(;%#'&!()9#D45$#!j-1!&%#!98I#*!&*45')(''(85!$45!K#!(5'FEE($(#5&1!(E!'(5G!2!45D!=!4*#!
8L#*$85'F)(5;!45D!&%#*#!('!58&!'FEE($(#5&!98I#*!4L4(H4KH#!4&!&%#!'8F*$#,!C%('!)#45'!&%4&!&%#!$85&*4$&!
$4558&!K#!EFHE(HH#D!K#$4F'#!8E!4!E4(H#D!#5#*;:!&*45')(''(85,!
!
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The current flow depends on Ohm‘s Law The current flow is actively controlled by power electronics 
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85!)8D#*5!98I#*!#H#$&*85($'!UAPW!H8$4&#D!(5!&%#!J?N,!C%#!98I#*!&*45')(''(85!$45!&%#5!K#!E8*$#D!
4H85;!4&!H#4'&!85#!94&%1!I%($%!$855#$&'!'8F*$#!45D!'(5G,!C%#!J?N!('!&%#!$8*#!#H#)#5&!8E!4!94$G#&/
K4'#D!#H#$&*($4H!&*45')(''(85!;*(D1!#54KH(5;!&%#!&*45')(''(85!8E!#5#*;:!94$G#&'!E*8)!4!'#5D#*!&%*8F;%!
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J?N1!&%#!98*&'!4*#!$855#$&#D!K:!4!M7/KF'1!4'!'%8I5!(5!`(;,!0,!PL#*:!98*&!%8HD'!4!98I#*!#H#$&*85($!
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EH8I1!&%#!94&%!E8*!&%#!#5#*;:!94$G#&!5##D'!&8!K#!4$&(L#H:!D#&#*)(5#D,!C%#!89&()4H!94&%!('!'#H#$&#D!K:!
(5&#HH(;#5&!94&%/E(5D(5;!45D!89&()(64&(85!4H;8*(&%)'!H(G#!&%#!M(XG'&*4/4H;8*(&%)!RkS1!\#HH)45/`8*D!
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C%#!*8F&(5;!9*8$#''!I(HH!K#!#T9H4(5#D!(5!)8*#!D#&4(H!(5!&%#!'#$&(85!dN8F&(5;!(5!&%#!JF45&F)!?*(De!4E&#*!
I#!%4D!4!H88G!4&!&%#!9%:'($'!K#:85D!&%#!*8F&#D!94$G#&!K4'#D!98I#*!&*45')(''(85!(5!dJF45&F)!?*(D!
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!

! !

!

789:*(;%&!<!=>=>!?@A!B?!

k!

N<! *+(,%+-!.)$/!:#2>$?>!
@5! &%('!'#$&(851!I#!I45&! &8!D('$F''! &%#! EF5D4)#5&4H!9%:'($'!8E! &%#!JF45&F)!?*(D!45D!98(5&!8F&! &%#!
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