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zand %EZ% Lﬁé@ﬁ?’%ﬁ&) *7. 1. From now, we study electric circuits.

ESraE %v{%@%a‘%& DT pjﬁﬁﬂ L *9“ 2. First, I will explain about electric current.

%U{%E 0)% S>TWA ;;E'ZF%/V DHH Lﬁﬁ 75» $1 L 3. In a conductive wire with electric current, the
IE?#?\F'E% Q:f@aﬁj‘ 4 %‘.é?%o) BA, * o)ﬁ 75» amount of electric charge passing through its
%%?%%@?* I AVAY: e cross section per unit time is called the current

intensity.

Uf F';ﬁil [ 77— O)%% z)?,if%{ nnkx, A4 When electric charge of [ coulomb flows per
%éu{% D §£ S T RTThDHEVNE unit time, the current intensity is / ampere.
R
YLESL ok BLOE s TAEYES 5. Let the quantity of electric charge which passed

in a short time df be dQ. Then, the current

hues 2 5 intensity is expressed by I =dQ/dt .
FHL, BRoR S [=do/d - F

SNET.

;ﬁéﬁ@%&% T“E“O)é;j \L‘L }’gﬁfq‘. Zm 6. We consider that a voltage V is supplied
fﬂﬁ/b\ h% ZF9. between two terminals of a resistor.

ZIDEE ?&}’;H?_ I, *%0)%@{% I 7N (,,L ;h“( 7. It is assumed that a constant current /  flows
WnHELET. in the resistor.

CoifA “"D:)l;"gh';) Hizn [OF RN . .
EEC IS E T ZOE XV ICEp L, From experiments, we can find that this
I=V/R & jﬁ— T eEMTEFET. magnitude is proportional to V" and the relation

is expressedby I =V /R.

67



gdooooo0ooooooooboo
00000 Nagoya University 2010

9. Z @E %J%g R % %A;\*Ekﬁ% NNV ET. This proportional constant R is called
electrical resistance.
100 20T, ol &V ﬁlttﬁﬁ“é ) Eéu{}f\@ This relation that [ is proportional to V is
zZ k’%ﬁv—b@/iﬁukbw\ij‘ called Ohm’s law.
11. Z/%LZ?':E; <Yty U?ﬁ%a NS D ﬁ%fcﬁ{ j;‘ﬁ/j‘g@ The resistance R of a conductor wire of

uniform cross section S and of length [ can

£ 3
*&#%R}:—aﬂék R=pllS e = &m be obtained as R=p//S where p is a

constant depend on the material.

TExEF. 22T, pliTOMEIC ko Tk
p,
EDLEHTT.
12. This p is called the specific electrical
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:@pmzk%%®%5at¢#‘6wﬁ . . o
resistance or electrical resistivity of the
?fiﬁ%%% EuvET, material.
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Electric resistance changes depending on

ﬁﬂ

lad
o

BAE LrdLad 5o VIS . .
TILIEEEMN j:) ;é'k AR 35125&)5, ﬁi&ﬁ N '7%'1_ temperature. In metals, it generally increases
LET. as temperature increases.

14. The electric resistance R(¢#) depends on

t COMDERERE) T2, HEY

temperature ¢. If the range of temperature is

jﬁ&éﬁjﬁj 753‘0}4‘2 <y \%é 4] “ijbt?zfi not SO large, the relationship
R(t)=R(t){1+a(t—t,)} R(#)=R(,){1+a(t—t,)} holds. Symbol
YD 5&\/: 1)) ﬁ L, a% (;Eé%%o)) Z'IE',: ;—irffﬁ 5)( L [ﬁz()\ «a is the temperature coefficient of resistivity
ESca and 7, is areference temperature.
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I will explain about capacitor.

We discuss the storage of charges by
giving voltage V' to the terminals of a
capacitor.

The stored charge Q and the voltage V'
has the relation Q=CV, where C is

called capacitance.

We see from this relationship that, under
a constant voltage, a capacitor with small
C can store only small amount of charge.
On the contrary, a capacitor with larger
C can store larger amount of charge.

The right figure is a parallel-plate capacitor
where two conductor plates are closely
positioned.

The capacitance of this capacitor is
proportional to the area of plates § and
inversely proportional to the distance
d . it is

between plates Therefore,
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£,
expressed as C = % .

Where ¢, is called vacuum permittivity.

Next, we discuss parallel connection of
capacitors with capacitances C,, C,, -
and C, .

In a parallel configuration, all capacitors
have the same applied voltage.

Namely, V=V, =V, =---=V,.
If it is assumed that charges O, O,, -,

Q, are stored in the positive plates, the
relationships V' =V, =0,/C;

(j=12,---,n) holds.

On the contrary, we consider a single
capacitor to replace all the capacitors,
then the stored

+0=HQ,+0,++0,) .

voltage is V', the capacitance is given by

1
__;;Qj )

charge is

Since the

Since the relations

Q,=CV,=CV

hold, we obtain C=C,+C, +---+C,.

Namely, in a parallel configuration, the
total capacitance is the sum of each
capacitance.

Next, we discuss a series connection of
capacitors.

When a potential difference V' is applied
at two terminals of the series, which is
the sum of the potential difference of each
capacitor V,(i=1,..,n) and is given by
V=Vi+V,+---+V,.
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A common charge appears in each plates
of capacitors.

We denote this charge by = Q. From
the relationship V, =Q/C,, V,=0/C,,
=+, V,=0Q/C,, we can obtain

V:g+g+...+g
Cl CZ Cn
1 1 1
= — e —
Q(C1 C) Cn)

If we consider a single capacitor in place
of all the capacitors of the series, the
charge existing in the two outer terminals
is £ and the voltage between these terminals

is V , the total capacitance if given by

V=0/C.
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For example, when a magnet approaches
to or leave from a conductor coil, electric
current is induced.

This phenomenon found by Faraday in
1831 is called electromagnetic induction.
This is a very important phenomenon
which

fundamental principle.

is used 1n generators as a
As a simpler case, we put a rectangular
circuit in a uniform magnetic field B and
move one of the sides with a constant
speed V.

In a conductor wire AB, there are many
particles with positive charge and with
negative charge.

If AB moves, these particles also move in
the magnetic field and the Lorentz force
acts on these particles.

The direction of this force is from B to A
for a positive charge and from A to B for a

negative charge.
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The magnitude of this Lorentz force

acting on a charge of g Coulomb is equal
To 1 [C],

represented by vB and this corresponds

to qvB . this force is

to the intensity of electric field E.

If electrons move toward B due to this
force, the potential at B becomes lower
than that at A.

Let the distance between A and B be
[ [m].

the work necessary to bring a positive

The potential difference which is

charge of 1[C] from B to A is equal to
V,-V,=vBI.
Therefore, the induced electromotive force
(EMF) due to the motion of the wire is
vBI.
The area of rectangle ABCD with DA =
CB=x is S=Ik.
The product of the magnetic field vector B
and an element of area perpendicular to
the direction of magnetic field is called
flux through the area.
Then, the flux through the rectangle
ABCDis ®=BIx.
By differentiating this flux by time,

dx

dﬁ:BZ—:Blv .
t dt

equal to the magnitude of the induced
EMF.

When the flux directing upward as shown

we have This 1is

in the figure increases, an EMF appears
in the direction A—»D—C—B.

This is
rotating direction of the right-handed

in direction opposite to the

screw facing upward.
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17 Z ok 7‘;% X Ti%jj‘f_&) i@ I 5 7o In such a case, we consider that the
Eﬂﬁ@ﬁ%ﬁﬁm‘{td@/w zpﬂgo) Lx, tﬁjja) direction of the EMF 1is negative
f'j-‘é" iﬁ’(};é L f% z_ij‘ assuming that d®/dt is positive.
18. - T%@jj 1, r;'ﬂ X %%)}E{ LT Therefore, we can represent EMF as
do dd
v= Yy LE FremTEET V= % including the direction.
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1. There are two coils. A part of flux made
by the current I, in coil 1 passes coil 2
and we represent it by ®,. Since D,
is proportional to [, , we express the
relation as @, = MI,.

2. When [, changes with time, @, also
changes and therefore an induced EMF is

generated 1n coll 2 due to the

electromagnetic induction. We have
dd dl
L, =——2=-M—".
dt dt
3. This phenomenon is called mutual

induction and the proportional constant
M is called the mutual inductance.

4, Next, we consider the case of one coil.
5. When a current in a coil changes, the

magnetic field made by the current

changes. This variation generates an EMF
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HT LIy £, in the same coil due to the electromagnetic
induction, which resists the current.
6. “h# é ; jzk;%i N ET. 6. This phenomenon is called self-induction.
7 V%én{jfﬁz 1l ET5LE, Eﬁ@f{ I71C fl:%j T50 7. Let the current be [ . Since magnetic flux
5, ?:7*;% é/i.é T =dl/dtz n{ 5 L FE9. is proportional to current [ , the

inductive EMF is proportional to

—dl/dt.
8. Lo T, ZOLH7 ﬁﬁé“ﬂi, a4 8. Therefore, such a circuit is equivalent to a
dl v circuit from a battery which has the EMF
roseV=-LL t v HENE L 51 Y
dt dl
TAD | E385 w7 of V=-L—.
%méﬁﬂbt®kﬂufﬁ dt
9. ~AFR, ﬁ;‘%%tﬁj} M {,.L@m% Wi 9.  The negative sign means that the EMF is
B! ﬁﬂ Xz EE CTWaZ &% %% LTWF generated in the direction such as to
9. resist the change in the current [ .
O AW Tng ) r . .
10.  BWIERL %, FoaA4 oA A 427 4% 10. The proportional constant L is called the
VAEWWET, self-inductance of the coil.
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N g V=V,cosad xHiEEAH
b
I =1, cos(wt —¢)
o BEAEH [f-o/2n  BEH
REOEH
IV =1V, coswi cos(owi — @) = IV cos¢+ IV, cosCar —¢)
HHETEHOEN 1
<V >=EI°V° cosg =1V, cos¢g
EIE 1 1 h=E
I =—1I, V. =——7V, cosg
e \/5 0 e \/5 5
'C‘/\/l,@“)") v k9 o T A . ey
ERHE AR LSBT, M%V\?T = 1. In a generator which utilizes the
A /lx?—&fﬁlﬁ L7z @ , %OD%M % ﬂ: L7-aA electromagnetic induction, a coil rotates in
;y@t{:ffﬁ;% ig@ L7 LET. a magnetic field or a magnet rotates in a
coil.
1 h, a4 )% % % fﬁ{ ; N2 Due to this mechanism, the flux passing
" 92828 Thy 1< through the coil varies as ® =® sin ot
D=, sinat X 5 1CEEL, FHEkE . .
and an induced EMF is produced.
o< b iﬁ‘
) %A [5 n5 ﬁ E'énj? 3, ﬁ”’;{ 5 1z 3. In this case, the EMF is an alternate EMF
ot S50waETAY EK which varies as V' =V, coswr .
V=V,cosat DX 5IZET DA kS
LR FET.
i H nn A i) . .
ZDkHre EE.{)?? & )EH WEEEAIZIE, B AR 4 When such a source is used, the current in
- < n{g L Io1 (i —g) ® - a circuit varies periodically as
= =1, cos(ax — 91z
il 0 I=1,cos(at—¢).
p 9 X TX ~
BRI AU
BLLaI TS Lasgds  O. Where @ 1is called angular frequency
ZIT, oxABEEE, f=w/2r %8
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and f =w/2x is called frequency.
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6. A2 ?-éT X0 Mo TUN B IEIE% Wz, KW 6. When an alternate current flows in a
m{j,s 75>{,,Lj/bf WA iE'/\, @ﬁﬁ%ﬁﬁéﬁ ;’%’if X circuit with an alternate voltage, the
DT HILF—I energy consumed per unit time is
1V =1V, cos ot cos(wt — @) represented by
1 1 1V =1V, cos wtcos(wt —
=—1,V,cos¢+—1,V,cos(Leat — ) 00 (@1 =¢)
2 2 ! 1V @ ! 1V (2 ?)
AL AN =— cosg+— cos(2at —
THY, TEBREE DS NET 2700 200
This is called an instantaneous power.
U A~E L A 5 o . . . .
7. RS Z L 5 L, W{ﬁ O)Iﬁ IIEEANTLE 7. When this is averaged in time, the second
LT OIWCR>TLEVETD, q:i/jv{b%% term cancels itself and the average power
ThY & 1 esel iS iven b
T, <IV >=510Vo cos¢<‘:%%éﬂi@‘. g ly
<1V >:EIOV0 cosg.
AV Thb2 ThO B L AL . .
8.  IEBEA I TIL, BETHLEMTD, IRIED 8. In a sinusoidal alternate current, 1/~+/2
1/ \/_ 1'472% })ﬁk ;/U\ij‘ times the amplitude of a voltage or a
current is called an effective value.
9. cavsy Ao Lozib X 9. Since effective value /, of a current and
B & EEOEMEEENENL,, V,&F .
that V, of a voltage are given by
1 1 1 1
&, 1,=—=1,, V,=—=V,THZHDT I,=—1, and V, =—=V,, the average
J2 ! J2 ! J2 ! J2 !
» power is written as <V >=1V, cos¢.
<IV>=1)V, cosgLEniLET.
9. %%«,o& o gkmm N% f % .37% 9. The quantity cos¢@ is called a power
cos L, D [T 2
¢ e i factor which arises due to the difference
LB v AL in phase ¢ between a current and a
@ DBHLTZOIZAETHKF T
voltage.
F——F
ikl /) < AR JRBE cEaE R
B AR
5YnS
R o
L9 &TE ISR L & BAAR-4) €
Z ZTiE, A /J \—{}Ihﬂ@m%% %% E@(}m@ L 7&1’5 L%, *ﬂx I, H Z)i 1 ffﬂrf’rﬁi /T—ﬁ‘/fl'*/ﬁuil%
THARLH DN, ﬁwz kL, AVELAZ L% (K9 EVVET, Y T2 Y
S el Ak, Riha) RERHY T,
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6. RLCE I [E]#5 (1)

| LRC EFIE(1)
|zRrC EHIER |
L BRRE V =V, cosar
» di
T o 2L L OFEROEE
@Tl Y ¢ VA—VB=L£
dt
W\/ EH R OFROEE VP_V =R
Q R P ¢
WEYCOMGORE  p _p, =-1
LRCEFERBOFER - C
L—]+RI —izVo cos wt
dt C
b roms
2
L d’l +Rd—1+il = -V, sin ot
dt* dt C R
%% ;islﬁﬁlbftﬁf ™ b E g 2D, IOD L9l _, The most important circuit for an

*)9%

VHEIRAL DA, ﬁ#R@ﬁ#
RECDOIVF o F o Aco720E b
<7

A—B—P—Q D& A DM E &0, B

v

S

Thbo

EExV =V, cosamt LB L, boBH

Vx5

mnfwé m%] T YO T v

T

WZleEkoTWhiEmEtg & LET.

I@;o

%mw:y%yﬁm”% RS £
BT S L LET
BT dr B

wns L, Idt o

SN S LD

B s +q OB S R H L, —g 0

?xﬂifv DV ITw D

BT N T, dg=—Idt LR %

ER
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alternate current is the RLC (or LCR)
series circuit where an inductor, a resistor
and a capacitor are connected in series.

We take the direction A>B—P—Q as the
Let the voltage of the
V=V,coswt , the

positive direction.
power supply be

current be / and the charge in the plates

of a capacitor be tgq.

If the sign of g is determined as shown
in the figure, the capacitor produces a
current in the positive direction when
qg>0.

When a current [ flows during period of
time dt,
plate with +¢ and flows into the plate

charge Idt flows out from the

with —g¢q Therefore we have

dg=—1dt .
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8. Wic, EHIcoWTIE, ABIcA—20

E5£< 2
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E3r
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a T POV T, n—n:—gﬂﬁ
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10. ﬁi@:kﬁ% a0, B nyfy%
@%E% qubf_%)@ﬁ)Eﬁl{;m@E@ G’ML
WD,

L£+RI—1 Vcosa)tin EonET.
dt C

11. o5 L
AR O SL, I=—dq/dt #lH%
&,Li—+R4£-ll=—nwmum L

dt? d C
5 WA AU Y £,
F——F

H AR

Hr <o
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Fomze, noTumnz b E LET,

81

10.

11.

§'JJ EWVNET,
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Then we have [ = —ﬂ.
dt

Let’s consider the variation of the voltage

along this circuit.

Since EMF of magnitude —LdI/dt
generates between two terminals of the
inductor L, we have V, -V, Lg

t

Concerning the resistor, we have

V,— VQ = IR from Ohm’s law.

Concerning the capacitor, we have

q
Va=Vp==(-

Since the sum of voltages in the inductor,
the resistor and the capacitor is equal to
the voltage of the power supply, the
following relation holds:

dl

L—+RI—%:V0cosa)t

dt

Differentiating this expression by ¢ and

using the relation [ =-dq/dt, we have
the following differential equation.

Lﬂ Rﬂ lI=—V0a)sina)z‘.
dt’ dt C

AR

~hiho Hr<
(& NEH) TE ] EWHEFZ, £o
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7. RLC E5I[EFR(2)

|LrC EFIE |
L

d’l dl 1

A B L +R—+—I——szma)t
Ol e wn
~

I p—— B [ =1, cos(wt — @)

R
o VW—sp
1 v,
Lo— C 10 — 0
tan ¢ = — \/Rz Lo — 1 2
R + ( 7] _Ca) )
1oE—52z]
Z= \/R2 + (La)—Lf
Cw 7
LRC L ;ﬂj @Eﬁ@lji% F2W0p) ,”q'%t%ﬁﬁ\g f;%ﬁé Vot * 1 Here, we will derive the steady state
DA L& A% ZFT. solution of a LRC series circuit
o) Il (wr—f) & L LRC §IJ 2. We substitute the assumed solution
=R cos
e 0 ¢ I =1, cos(at—¢) into the following
i blﬂtﬁzo)m Cj;‘f differential equation for a LRC series circuit
d’I . dl 1 : d*I  dl 1 :
L—+R—+—=-V,osmwt L—+R—+—=-V,osinwt
t dt C dr’ dt C
A LET
THUZE-T, [, &I 3.  From this, we obtain the solutions for I,

and ¢ as follows,

IOZVO/\/RZ+(L60—L)2,
cw 2 1 2
1 IO:VO/\/R +(Lao——)
tan¢:[La)——j/R Ll £ cw
cw

tang = (La)—ij/R

cw

Lx ) 1., bicngs 4 In this expression,
ZOXNTZ=|R"+(Loo——) 1T, B 0
cw
[E 2 =) W 1 A BB Z = \/Rz +(LCU——)2 iS considered as
DEE DR A ﬂﬂlﬁbt%@k%z% cw
i, :@I%if‘té@/]) VE—H U AF T iﬁc(m a generalized resistance of R in a DC
E?ﬂ%k 7 T ET. circuit. It is called an electrical

impedance, or simply impedance.

83



gdooooo0ooooooooboo
00000 Nagoya University 2010

5. A NN, AT B ATV 5. In a case of a circuit with no inductor and

%, L=0, 1/C=0&72Y, Z=Rt72Y no capacitor, we obtain Z =R by putting
7. L=0 and 1/C=0.
F——F

T 4
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AL VobiEh T

i<ﬁbﬂi? i<Uf Heie Do) Abo x4, Lo b3, dmc

2IL0 LS

bH Tl aE LET, HEMICE Tl ol k < EhiEs,

& 3
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BBIELICAT B e, Shall, BEK % T LVIFTH LET. M) kmiﬁ/i\

e i e O mey ST eac e g R La ) oo s TR,

. ﬁﬁiﬁ . B, R, u,ﬁﬂ RENHY F9,
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5

>

BRIz BT, o rabois e it cRafas 2 e TRAT 21 LovEd, TR

> v

@?%ﬁoﬁ%ﬁlfﬁﬁ\ﬁ#\ﬁéjﬁkﬂﬁbiﬁo

<4 T
%<mwamm&wio &\_<ét@mf%é e%ﬂwﬂ&wmi¢~r%uewo§%155%
;<ﬁwi¢ BlziE. TR0 213, %%a%@%%ff BOHOEET - LIC ko Cimi

bo (A @m>%¢5 EEVOETS, F T R L, SEBOAERLET, EL
e 200 SR, B - Kk e Uy e, R R 2 L S L L
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ThELLES
8. EXIREI(1)
| ESIRE (1)
| R | ,
— | 1©
E(1)BH L
1 |1
I, =1, cos ot @ / l
EE(T)DAEs R
M
Ld_I+M £+ RI _l =0 R
dt dt C
i d’r di d’I
[j> A N YLt
dt* d C dt
I, =1, coswt #HBDIZAND
[i> 1 Q#II Ml @ cos w!
dr? dt C 2

M
/\
=

Y A

i *HE% /575’/%%.5@ L L
@io@ %%zi#.

(IIZIE 52 FR Iz k> C

e
5‘§w Pal+ )T‘Ffrv

AN

[

izt ThY 9D R s
I, =1, cosot DIE OERMBMANLTND b

DELET.
SREREA VS B AM CRASNT
WAEE(DIZE, EHRR, 3279 C,
HOA 2o 2 AL DA A% TH
20 LET.

(N B el &35 &,
1 R 4

dt dt C
AR
%@ﬁ%t(ﬁ\?ﬁ

2

Lﬂ Rﬂ ljz_Md €1

> dt C dt
Ly EI.
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Next, I will explain about a circuit with a
mutual inductance as shown in the figure.
In circuit (I), it is assumed that a current

flows in the form [, =1, cosax .

Circuit (IT) which is connected with circuit
(I) through the mutual inductance M
has a resistor R, a capacitor C and an
inductor with mutual inductance L .
Current [/ in circuit (II) satisfy the
following differential equation.
L£+M %+ _4
dt dt C

Differentiating this by ¢, we obtain

2
Lﬂ Rﬂ ljz_Md 51
dr’ d C dt

=0
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6. 5 Ak Substituting [/, =/, coswt into the

ZL7TC, I,=1,cosarn DI AR . . . . .
right-hand side of this equation, we obtain

I 7T 1 the following equation for a forced
Ld—+Rd—+ I=MI, & cosat &\ 9 . 8
dt’ da C oscillation.
FroTLA ri)cut

il 4= @ji 2272 £

F—7—K
REVRE),  REA T s

HAREfEER

5 TRE) “ |
::m B Om S 2 5 E 2 RO T 2 25 2 & % TREL 2 ov g, e
B =& 0B b, £, ZofEng HEH Lo, TR F5] DX 5k
WET,

Hod o Godb J@r“oa:a%:e:% GEL) LVnET, TR LV lEFo TH] 1ZL-
ﬁsw«%&)z):e%”’” LT a3z Lom R b2 2 LTnEd, 15 Lo =i
SR TR, R Rk, MRS, ECRE. B e £

X6 I

Ciic. Hic kol /\ WEbwszra bl Lo, (5% 5] OLIIHOE
., TERE Ao S TREIETT. WRAIRA T, A 8 el E
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.———CF./E AMES
9. EXIRENI(2)
| ESEH(2)
|AmEms | c
da’r dr 1
e#m [ =1 cos(wl — @) ERA R
(1)
> 1, = M g » lan . @ = %
JREWL(LG)*L)Z @o @
La)———O a>a<===<2il
. (— REEE
I, &K .
El DATA F‘( fﬁaﬁ/r VR A 5_»%?2{3 1. In the previous slide, we obtained the
Eé;i , 3@ ﬂalJ ﬁ:ﬁ%ﬁ@(ﬁ&ﬁ following equation for a circuit with a
mutual inductance.
Ld— Rﬂ lI MI,,o* cos wt Ay X3
dr’ di € Lﬂ Rﬂ lI—MI > cos ot
nELL. da*> dt C o
*0)%—%@;@% 47 ;775:] I, of — 2. Substituting the assumed steady-state
- AR cos( 2 solution [ =1/,cos(awxt—¢) into this
5 52 Lp  Eoice? equation, we can obtain
BHX, oz I LTI, &¢75:5%&’)2/L ;
1 I, =M]01a)/\/R2 +(La)—C—)2
W
I, =M]01a)/\/R2 +(La>—c—)2 ,
Q)
R/ L 1
tng=—RL L pn gy -z tang =—=— "5, where &, =/~
0, —o 0
1
Wy =,|— LBNTHY E7.
““VLC
Lx 3. From the expression for /,, we know that
I, OED,

La)—CL:()iC?ZCOf:E%IO D3R

0

E3c

I, becomes maximum when

La)—L:
Co

éfb

2720 0.
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4, CorxicHo=o, - [ 1 J LB 4, This phenomena is called resonance which
JLC Cw w( 1}
. occurs a = =—.
EERE T 5 TB Lok E5. U VL
5 DX i uﬁﬁ%&ﬁtéjﬁf uﬂék WWNET. 5. Such a circuit is called a tuned circuit.
F—J—K
- Jtng, G E
= N
%;5ww
X /\u J
22 Cl EARIRBIEEI B AR L LORBIE A B e 2 K E RRCRET 5 2 L %
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