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Problem 2.5 Find the electric field a distance z above the center of a circular loop
of radius r (Fig. 2.9) that carries a uniform line charge A.
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Problem 2.6 Find the electric field a distance z above the center of a flat circular
disk of radius R (Fig. 2.10) that carries a uniform surface charge o. What does your
formula give in the limit R — 00? Also check the case z > R.
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*Problem 2.9 Suppose the electric field in some region is found to be E = kr3F, in
spherical coordinates (kK is some constant).

(a) Find the charge density p.

(b) Find the total charge contained in a sphere of radius R, centered at the origin.

(Do it two different ways.) FIGURE 2.17
(a)V-E(r)= V(% -5, (12, ) =5k = gip(r) > p(r) =5c0kr?
r 0

R

(6) [ p(r)dz = [ p(r)r? sinodraod - ggokrs (47) =4zeghR’

0
Gauss Law: 0, . = gquE -da = gqukR3R2 sinfdO0d¢ = 47z50kR5

Problem 2.10 A charge ¢ sits at the back corner of a cube, as shown in Fig. 2.17.
What is the flux of E through the shaded side?
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b ’ ~ -~ .. .
Problem 2.12 Use Gauss’s law to find the electric field inside a uniformly charged .

. ) . . 2
solid sphere (charge density p). Compare your answer to Prob. 2.8.
3 3
4rr Arr . roa Ram
Gauss Law: Q.. (r)=—'0:50Cj)E-da=50E,, (47zr2):>E(r): '02 p=2l¢ y
3 3ggdrr 3¢y |
Problem 2.14 Find the electric field inside a sphere that carries a charge density pro- FIGURE 2.11 FIGURE 2.25
portional to the distance from the origin, p = kr, for some constant k. [Hint: This
charge density 1s notf uniform, and you must infegrate to get the enclosed charge.]
4 2
, Tkr® . krc .
Gauss Law: Q,,,.. = jkr' 2 sin@'dr'd0'd¢’ = ki = EOCPE -da=¢yE, (47zr2) =E(r)= byt
* : : : endrnr &0
Problem 2.15 A thick spherical shell carries charge density 0
‘ A |E‘

p=— (@=<r=<bh)
,‘A—
(Fig. 2.25). Find the electric field in the three regions: (1) r < a, (i) a < r < b, (i11)

r > b. Plot |E| as a function of r, for the case b = 2a.

Q.. (r)= ’2 sm@dr’d@dqé jksm@dr'd@dgb =47zk(r—a)

a

i T Azk(r—a) . klr-a). . 4rk(b—a). k(b—a).
(ii) E,,=0 (ii) Eicrap = = (r 2a)r: (r 2a)r (iii) Eype, = 4 ( 2a)l'=—( za)'l'
godnr &gl Eodnr gor
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Problem 2.16 A long coaxial cable (Fig. 2.26) carries a uniform volume charge
density p on the inner cylinder (radius a), and a uniform surface charge density on
the outer cylindrical shell (radius /). This surface charge is negative and is of just
the right magnitude that the cable as a whole is electrically neutral. Find the electric

field in each of the three regions: (1) inside the inner cylinder (s < a), (i1) between

=

the cylinders (@ < s < b), (ii1) outside the cable (s > b). Plot |E| as a function of s. FIGURE 2.26 FIGURE 2.28
(i)zs*lp = ggEy 275l = E = L4 IE}
280 :
pa’ '
.. 2 . . A )
(11) za lp o gOES 27Z-Sl = E = 280S S | (i) O Oj*—-Gaussian surface
I F
(iii)O =g9E2nsl => E=0 L

——

a b s

Problem 2.18 Two spheres, each of radius R and carrying uniform volume 3 Gaussian surface
charge densities +p and —p, respectively, are placed so that they partially overlap (i) O L
(Fig. 2.28). Call the vector from the positive center to the negative center d. Show -
that the field in the region of overlap is constant, and find its value. [Hint: Use the ]
answer to Prob. 2.12.] s| +— Gaussian surface
,o T
E(r)=L"¢=E, -L4q,, E -L-d ol (]
380 380 380
T
E,-E_=L%-(d,-d_)=L-
380 &0
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“Problem 2.20 One of these is an impossible electrostatic field. Which one?
(a) E=k[xyX+2yzy+3xzZ):
(b) E=k[y*X+ Qxy+22) ¥+ 2yzZ].

Here k 1s a constant with the appropriate units. For the possible one, find the poten-
tial, using the origin as your reference point. Check your answer by computing VV.
[Hint: You must select a specific path to integrate along. It doesn’t matter what path
you choose, since the answer is path-independent, but you simply cannot integrate
unless you have a definite path in mind.]

E=-VV =Vx(-VV)=0=VxE

(a)VxE =k|[-2y,-3z,—x]# 0 = impossible
b)VXE=k|2z-22,0,2y-2y|=0= possible =V =x 2 4 2% + Const.
(p) [ y-2y] p v+
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Problem 2.21 Find the potential inside and outside a uniformly charged solid sphere
whose radius 1s R and whose total charge is ¢. Use infinity as your reference point.
Compute the gradient of V in each region, and check that it yields the correct field.
Sketch V (r).

( ) g check:
E,, (r)=———r (
2 q
drgyr ~VVour =0, (Vr) = 4 =Eour
EYT
47 . g . E=-VV = 0
E,, (r):qxﬁ Eodrnr r=————r
gﬂ'R 472'6'0R
4 q |r q
Vout (l‘) = _I Eou -dl = T ..
0 Adreyr |OO drgyr
R r 1.2
R . 12
q qr
I@n(r):—waouz'dl—jREin'dIZW - |
0"l 8mEeR7 |, U !
2 2 : |
87[80R 87[gOR3 872'80R R2 4 r
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Problem 2.22 Find the potential a distance s from an infinitely long straight wire d»‘;&‘»!’

that carries a uniform line charge A. Compute the gradient of your potential, and - A
Dhome " B 5 5~
check that it yields the correct field. //41 Ly
1 AL 1 A g s
E(S) - = — i e — w \/)‘
gy 2msL 2mey s

The more charges we take in account, the greater the potential will be, and since the line charge is infinite long, the
potential will be infinite. Therefore, the boundaries of integration for potential should be finite.

V:I—E-dlzlim— 1A m —2—1n|?

In|—
S

—ds = lim
a—w da 271'80 s’ (—>00 72'80

-VV =-0V, = lim -
a— 272'80 a

( ] = E, independent of reference point a.
27&90 s
A

In

2 2
Voo Vg . + +S
V:j dv'= lim 2 & = lim —2n|2e N Ya
-

y,—0 40 47;50 S n yrZ Va—® 27E S
. A s Yo+ ya+s ! Y 1A
-VV =-0,V, = lim ~3 —| = 5 + — |- lim 5 ==3 —=FE
.= TE / ,—0 27TE TEY S
4 OO Oya+ Ya TS § Ya T8 Ya=® OS 1_|_S_2 0
Ya
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Problem 2.25 Using Eqgs. 2.27 and 2.30, find the potential at a distance z above the
center of the charge distributions in Fig. 2.34. In each case, compute E = —VV _ and

We have known that £, = E» = 0 at point P.

compare your answers with Ex. 2.1, Ex. 2.2, and Prob. 2.6, respectively. Suppose ' T '
. . . . . - .| I
that we changed the right-hand charge in Fig. 2.34a to —¢:; what then is the potential ‘I | i
¢ e ¢ ; . | |
at P? What field does that suggest? Compare your answer to Prob. 2.2, and explain | N
° | - ~
carefully any discrepancy. g d oL
(a) Two point charges (b) Uniform line charge (c) Uniform surface charge
n
1 di 1 q q 1 2q FIGURE 2.34
(a)Vp = A = 4 + = 4
ey N 4T | | 2 2 2 2 ey | 2 2
e I T DR T
2 2 2
. 1 2qz .
E=-VV|,=-0,Vpz= Z

3
dre [22 +(%)2}2

/ L
(b)Vp =— jl(r)dz'z : IL Sy R [N [ NE) -
& r dmey =L [ ,2 4 12 47 1 4rgg
E - VV| A —L+\zZ2+ 1 1 z L+Nz* + 17
=-VV|, =-

Electromagnetism Chap.1 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Fall




>X<Problem 2.25 Using Eqgs. 2.27 and 2.30, find the potential at a distance z above the
center of the charge distributions in Fig. 2.34. In each case, compute E = —VV_ and
compare your answers with Ex. 2.1, Ex. 2.2, and Prob. 2.6, respectively. Suppose
that we changed the right-hand charge in Fig. 2.34a to —¢:; what then is the potential
at P? What field does that suggest? Compare your answer to Prob. 2.2, and explain

We have known that £, = E» = 0 at point P.

v

o P P

2
—————————e

+q 2L

< e 1S pe . +é d
C(lrefu“y (lny dl Creprlncy (a) Two point charges (b) Uniform line charge (c) Uniform surface charge
FIGURE 2.34
R
1 o(r 1 (27 R o o o
() =—| () g = ) sds'dg =22 +5?|, =2 (V2 +R? -z
472'80 r 472'80 0 0 22 4 12 80 80
(o2 z ~ (o z A
E=-VV|,=- ~1|z=—o/1- Z
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>l<Problem 2.25 Using Eqgs. 2.27 and 2.30, find the potential at a distance z above the
center of the charge distributions in Fig. 2.34. In each case, compute E = —VV _ and
compare your answers with Ex. 2.1, Ex. 2.2, and Prob. 2.6, respectively. Suppose
that we changed the right-hand charge in Fig. 2.34a to —¢:; what then is the potential
at P? What field does that suggest? Compare your answer to Prob. 2.2,
carefully any disuepam)

(a) e Zzl_ e : 2 2
g

and explain

We have known that £, = E» = 0 at point P.
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(a) Two point charges

+q 2L

+q d
(b) Uniform line charge (c) Uniform surface charge

FIGURE 2.34

Basically, the V 1s a operator, and it should be applied on a certain "distribution", not a single point.

1 — 1 1 d cos@ : Ly
V(r) = 1,4 c — ~_4 e (seelng P.151, electric dlpole)
e r+ r 47[50 r. 1) dmey 2
1 d 0 d [ —2cosfd —sinf d : :
E=-VV=-|0,,—0,, a¢j 9 COZ ___4 ( cg)s , Sl? ,Oj:q—3(2cosﬁ,sm0,0)(seemg P.158)
r rsin @ 472'50 7 472'6'0 7 7 472'50]/'
£.0.6 ) >(%.5.2 d : : : :
( ) ( ) N (3sm6’cost900s¢,3sm9003Hsm¢,2c052 0 —sin? 0)
472'6'01"
6=".4=0 qd
— = 3 (0,0 1) here z is the same as x' in Prob.2 . 0 5
dreyr F L\' - l // ,
Al |~
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Problem 2.27 Find the potential on the axis of a uniformly charged solid cylinder,
a distance z from the center. The length of the cylinder is L, its radius is R, and
the charge density is p. Use your result to calculate the electric field at this point.
(Assume that z > L/2.)

1 olr’ 1 27 ¢R R
V= J‘ ( )da'z j j ° S'dS'd¢'=—G 2% 45" 0 -7 (\/22 +R? —Z)
472'80 r 472'80 0 0 122 +S,2 280 26'0
o) zZ ~ (o) z A
E=-VV|, =- ~1|z=—"|1-—=2

N [~

z+1

qdl =L L—\/(z+l)2 +R?
\/(z+l)2+R2 2&0

Problem 2.29 Check that Eq. 2.29 satisfies Poisson’s equation, by applying the
Laplacian and using Eq. 1.102.

L
—3250

P i:ﬁ L—\/(z+%)2+R2+\/(z—%)2+R2 Z

VZ :VZ 1 Ip(r,) A 1 J‘ ' VZ 1 r_ 1 j‘ "\_ 4 r r:_p(r)
V(r)=V; rp r’—r|dT rp p(r) Q- dr rp p(r')—4meys(r'—r)dz
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Problem 2.30

(a) Check that the results of Exs. 2.5 and 2.6, and Prob. 2.11, are consistent with
Eq. 2.33.

(b) Use Gauss’s law to find the field inside and outside a long hollow cylindrical
tube, which carries a uniform surface charge o. Check that your result is con-
sistent with Eq. 2.33.

(¢) Check that the result of Ex. 2.8 is consistent with boundary conditions 2.34 and

2.36.
()
e s Prob.11
2
o o A o . RO-/\ O .
E..ovc —Enciow | SN S - L Ebove — Ebelow|| =0 =2r
above below |interface 2& 2¢& &0 o ) 0W|1nterface eor : r=R £0

Ex.6

. =(E,~E_)-(-E, -E_)=2E, = %ﬁ(to the left)

+0 Eabove - Ebelow

—(-E, —E_)—(~E, +E_)- = —2E_ = —— (o the right)
€0

—o: E

above Ebelow interface
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Problem 2.30

(a) Check that the results of Exs. 2.5 and 2.6, and Prob. 2.11, are consistent with
Eq. 2.33.

(b) Use Gauss’s law to find the field inside and outside a long hollow cylindrical
tube, which carries a uniform surface charge o. Check that your result is con-
sistent with Eq. 2.33.

(¢) Check that the result of Ex. 2.8 is consistent with boundary conditions 2.34 and

2.36.
oR . O .
(b)Eoutside _EinsideL:R = oog n-0 = g_n
0 s=R 0
R’c Ro Ro Ro
(C)Voutside|r: R = Vinside|,,: R = = Voutside =R
col R o) o SR €0
IV putside B aVinside| _ Ro (_ R _Ojf _ _if-
2
or Or |r= R S0\ r =R €0

Electromagnetism Chap.1 TA: Hung Chun Hsu, Yi Wen Lin, and Tien Fu Yang 2023 Fall




Problem 2.33 Consider an infinite chain of point charges, =g (with alternating
signs), strung out along the x axis, each a distance a from its nearest neighbors.
Find the work per particle required to assemble this system. [Partial Answer:
—aq?/(4mepa), for some dimensionless number a; your problem is to determine c.
[t is known as the Madelung constant. Calculating the Madelung constant for
2- and 3-dimensional arrays is much more subtle and difficult.]
2 2 2 2 2 2
TARRTOR /L S A S D R G AN S R M
47e a 4re a 2a 47e a 2a 3a

drey a “ I n—»o0 drgy a n—xo* I drgy a
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Problem 2.34 Find the energy stored in a uniformly charged solid sphere of radius
R and charge ¢. Do it three different ways:

(a) Use Eq. 2.43. You found the potential in Prob. 2.21.

(b) Use Eq. 2.45. Don’t forget to integrate over all space.

(c¢) Use Eq. 2.44. Take a spherical volume of radius a. What happens as a — 00?

R
2 12 15
1 R
(a)¥;, (r) = 3- W——ij r=——94P 3= |r2ar (4r) =1 9\, 22
87&90R rR2 2 87gyR J0 R? 4eyR iﬂR3 5R2 . 205y R

2
__4q __qr _on‘ 2, _é| 4 J‘OOl 2 2
b)E r)= E. (r)=———, W=—|E°dr= dr' 47[ —r dr'(4rx
( ) Out( ) 47[801”2 m( ) 47r50R3 2 2 [47750j [ at 0 RS ( )
” R
8mey| r'|lp SRO o] 87|\ R 5 R® | 20&yR

& q° 1“ S . g g g (1 1 1 1 3q
(c)w == jEzdr+(jSVE-da = -— +29 a* (4r) = ——t——t =

2 8mey | r'|p 5R6 2 4reya Aneya® 876\ a R 5R a 2050R
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>l<Problem 2.36 Consider two concentric spherical shells, of radii ¢ and b. Suppose
the inner one carries a charge ¢, and the outer one a charge —¢g (both of them
uniformly distributed over the surface). Calculate the energy of this configuration,
(a) using Eq. 2.45, and (b) using Eq. 2.47 and the results of Ex. 2.9.

Take a > b

&0 2 12 12 12 '
(a)W:7J.E dr = — (I outs1de dr' 47r Ib gap!”dr’ 47z j side?dr (47[)]

12

2
=20 (4x) 0+ja —4 r'2dr’(47z)+0 .. (-LJJ
2 b 472'507" 872'80

(0) Wil =W +W; +50.[E1 ‘Eydr
2 2

o0 _ o0 _
_%0 _ 9 2 (47[) ‘0 j 9 r'zdr'(47z)+goj 9 9
2 a 12 b 12
dregr Adregr

2 2
(12 )
8nsg\a b a) 8mgg\b a
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thick concentric metal shell (inner radius a, outer radius b, as in Fig. 2.48). The
shell carries no net charge.

Problem 2.38 A metal sphere of radius R, carrying charge ¢, is surrounded by a u—‘

(a) Find the surface charge density o at R, at a, and at b.

(b) Find the potential at the center, using infinity as the reference point.

(¢) Now the outer surface is touched to a grounding wire, which drains off charge —
and lowers its potential to zero (same as at infinity). How do your answers to b,
(a) and (b) change?
q g g FIGURE 2.48
a)o(R)= ,ola)= ,o(b)=
( ) ( ) A7 R? ( ) dra’ ( ) 47h?
0 b a R 0 1 1 1
(b)V:—j E.dlz—j Ldr'—j (o)dr—j Ldr'—j (0)dr =2 (———+—j
% ® 4gyr? b a Areyr'? R dreg \ R a b
q —q g (1 1
c)o(R)= ,ola)= ,olb)=0; V= —
(©r(8) =z o(a) = a(p) =0 v - -1
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Problem 2.39 Two spherical cavities, of radii a and b, are hollowed out from the
interior of a (neutral) conducting sphere of radius R (Fig. 2.49). At the center of
each cavity a point charge 1s placed—call these charges ¢, and ¢.

(a) Find the surface charge densities o,, 0p, and og.

(b) What 1s the field outside the conductor?

(¢) What is the field within each cavity?

(d) What is the force on ¢, and gp?

_ 4, _ qp 44719 FIGURE 2.49
(a)aa—— 5> 0h =7 5 OR = 5
dra 47h 4R
da T 49p -
(b)Eoutside = a—zr
Adregr
q A qdp -
(), =—ta i, By =g,
472'807"(1 472'807"b

—~
(@R

~
S

(e)Distribution of op and E ;40 Will change.
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Problem 2.42 A metal sphere of radius R carries a total charge Q. What is the force
of repulsion between the “northern” hemisphere and the “southern™ hemisphere?

2 2 1 2
F= j 1 ( < 2] cos@’stinH’dH’d¢’2:Q—2 j sin@'dsing = —2_ .
280 4 R 1672'80R 0 3272'80R

*Problem 2.43 Find the capacitance per unit length of two coaxial metal cylindrical FIGURE 2.53
tubes, of radii a and b (Fig. 2.53).

Supposing the charge density on the surface of inner metal cylindrical tube is o, and the tubes are infinite long.
a

oy = —ZG, o, = o 1nsuring the quatity of charge on both surfaces are equal.
By Gauss' law, the field E (S) in the region b > s > a is
2ral)o 1 . o
E(S) = ( ) S = ﬂs(pomtlng outward)
€0 2rsL sg

a a 2ral)o  2xenL 2
=V, :j “E-dl=lim | -2 ds =£ln2:> C _2. ( ) i dfiNYy per unit length is dady

b L—>wdb  s& g a V ‘2—‘7111% Inb/a nb/a

0
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*
Problem 2.50 The electric potential of some configuration is given by the expression

6,—)\1'

Vir)=A .
-

where A and A are constants. Find the electric field E(r), the charge density p(r),
and the total charge Q. [Answer: p = e0A(4m 8 (r) — AZe™ /r)]

—Ar _ —Ar _ _—Ar —Ar
E(r):—VV:—(?,,[Ae )f:-A”( Ae T e L AT (i

r r2 r2

r r

p(r) = -5V = —¢, sz (e#) + e v? (lﬂ =—& {ﬁize%r + Ae [—47253 (r)]}
r

YR
= g A| 478> (r) - Z—e "

r

2
0= jgoA{47z53 (r' —ﬂ—,e_’l” }r’z sin 0'dr'd0'd ¢’ = EOA(47Z')(1—/12J‘8_/1F r’dr’)

r

= 59 A(47)| 1- 2470, J‘—e_’lr'dr')} = 801“47[){1—/128/1 (%e‘;“”'j }

0
= g9d(47)|[1-270, —%ﬂ = goA(47z){1 e (z%ﬂ =0
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*

Problem 2.53 In a vacuum diode, electrons are “boiled™ off a hot cathode, at po- > d -

tential zero, and accelerated across a gap to the anode, which is held at positive / /
A

potential Vy. The cloud of moving electrons within the gap (called space charge)
quickly builds up to the point where it reduces the field at the surface of the cathode

Electron
to zero. From then on, a steady current / flows between the plates. o I

Suppose the plates are large relative to the separation (A > d? in Fig. 2.55), so

S 4~ > X
that edge effects can be neglected. Then V', p, and v (the speed of the electrons) are Anode
all functions of x alone. Cathode (V)
(a) Write Poisson’s equation for the region between the plates. (V=0)
2
vy =4 Z =L FIGURE 2.55
dx €0

(b) Assuming the electrons start from rest at the cathode, what is their speed at point
x, wWhere the potential is V (x)?

1 /2
qV:—mv2 > V= _qV
2 m

(c) In the steady state, I is independent of x. What, then, is the relation between

p and v?

dq dx
dq = Apdx, I =—=A4p—= Apv
1=2F a  Pa F
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>xi’roblem 2.53 In a vacuum diode, electrons are “boiled” off a hot cathode, at po-
tential zero, and accelerated across a gap to the anode, which is held at positive
potential Vy. The cloud of moving electrons within the gap (called space charge)
quickly builds up to the point where it reduces the field at the surface of the cathode
to zero. From then on, a steady current / flows between the plates.

Suppose the plates are large relative to the separation (A > d? in Fig. 2.55), so
that edge effects can be neglected. Then V', p, and v (the speed of the electrons) are
all functions of x alone.

(d) Use these three results to obtain a differential equation for V., by eliminating
and v.

P
2
dx? g0d \ 2q 2 3

4/3 X
Matching V(O) =0, V(d) = VO = = VO (%j No Space—charge:V = VO (;j

v 1 41
dx?

480V
/3
)2

-2/3

9(d2x
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>xi’roblem 2.53 In a vacuum diode, electrons are “boiled™ off a hot cathode, at po- > d -
tential zero, and accelerated across a gap to the anode, which is held at positive / /
potential Vy. The cloud of moving electrons within the gap (called space charge)

quickly builds up to the point where it reduces the field at the surface of the cathode "

Electron
to zero. From then on, a steady current / flows between the plates. >
Suppose the plates are large relative to the separation (A > d? in Fig. 2.55), so -
that edge effects can be neglected. Then V', p, and v (the speed of the electrons) are Anode
all functions of x alone. Cathode A
| Vo
(V=0)

(e) Solve this equation for V as a function of x, V{, and d. Plot V (x), and compare
it to the potential without space-charge. Also, find p and v as functions of x.

FIGURE 2.55
dq dx
dg = Apdx, I =—=A4p—= Apv
q=A4p ” pdt P
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*
Problem 2.53 In a vacuum diode, electrons are “boiled™ off a hot cathode, at po- > d

L
tential zero, and accelerated across a gap to the anode, which is held at positive /
potential Vy. The cloud of moving electrons within the gap (called space charge)
quickly builds up to the point where it reduces the field at the surface of the cathode Electron
to zero. From then on, a steady current / flows between the plates. . A
Suppose the plates are large relative to the separation (A > d? in Fig. 2.55), so -
that edge effects can be neglected. Then V', p, and v (the speed of the electrons) are Anode
all functions of x alone. Cathode (V)
0
(f) Show that (V=0)
I =KV, (2.56) FIGURE 2.55

and find the constant K. (Equation 2.56 is called the Child-Langmuir law.
[t holds for other geometries as well, whenever space-charge limits the current.
Notice that the space-charge limited diode is nonlinear—it does not obey Ohm’s

law.)
81]2m 1/3 4/3 326‘3A2q 3/2 3/2 480A 2q
3255 A°q 81md 9d~ \'m
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Problem 2.60 A point charge ¢ is at the center of an uncharged spherical conducting
shell, of inner radius a and outer radius b. Question: How much work would it take
to move the charge out to infinity (through a tiny hole drilled in the shell)? [Answer:

(g*/8meo)(1/a — 1/b).]

qz’r<a sof g Vel o © 1 »
471'807" VV’[Otalz > | 2 071"’ dl",(47l')+0+"‘b 77’" dr' (472')
E(r)=+0 ,a<r<bhb ) 770 r r
_ 9 b<r -4 1.1 (excluding the self-energy of the point charge)
4regr? 87eg a
L 0

RecallProb.2.36( fora b'>b=a'

2 ’2 ’2 12 !
=2 [ Edr = U B2 aerdr (47)+ j 2 o2 (4x)+ j E2gaer2dr (47[)]

“0
2

2
_ 20 (47) ’zdr’(47r)+0 _ 4 (i,_i,]
2 472'507' 871'80 a b
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