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Problem 5.1
m T — (%) % (uo ) H = Hoi.

dt
. ie by s
m—— = qlo| Vz Uy U,
dt 0 0 H
dv A A
o= qéio (vyHoty — vaHoly)
(i)
dvy  quovy
= >—2H
dt m 0
(ii)
dvy — —qpovy
Yy _ T4P07z
dt m 0

o dPug quoHy duy
D= =" @
Substitute this into (4i):

m_d’vs _ quovs H,
quoHy dt?

dQUr o qzﬂgHg
= — Vg

dt? m?2
H H
v, = Acos (q,uoot> + Bsin (q,uoot>
m m
H, H,
vy = C cos <qu00t) + Dsin <qu0 Ot)
m m

v (t=0)=v,, =4
vyt =0) =vy, =C

Need two more initial conditions:

I. Acceleration in x direction at t =0

; dvy _ (quo%y) X (HOQZ),“O
Todt ‘0 m
BM gty
=T Uy
V' '
B = Vyo




Problem Set 5

6.641, Spring 2009

IT. Acceleration in y direction at ¢ = 0

: % (quo%m) X (/’LO‘HO;Z)

SN

m
H H
4Ho Ot> — Vg, sin (QNO Ot>
m m

Ux(t) = vz
Note: /v2 + v2 + vZ = constant in time (for this case) (easy to check and verify)
= Uyy = 1/ V3, + vz, = velocity on zy plane

From 8.01, centripetal acceleration, a, is

2
_ Yay

r
where r is radius of circle. So:
2

v
\m% = |q7 x uoﬁ\
—_——
F=ma Force due to B field

m—= = quagioHo

[2 2
MUy ma [ vz, + vy,

"~ quoHo quoHy

7=O=qﬁ+q7><uoﬁ
0= qﬁ + q(vofy) X (,uoHoiz)
E= —vopoHoly

V = —wopoHos

ii

d—2 2muy \%
= T = ;’UO = ——
quoHo —poHos

_ 2mlv]

d=
qB2s

=0.50cm for 12Mg*

0.52cm for 12Mg*®
0.54cm for 12Mg?%
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dv Vo » N
m-- = qﬁ +qU x (,uoﬁ) =—e <50zz + T x (uoHoiz)>
? X (MOHO;Z) = 'UyHOMO'zz - 'UwHOMO%y

dv Voe
Mg = s cHoHovy

dv,
™

d? H \%
o Uy _ etolio (eso e‘uoHko>

= epoHov,

dt? m

d2v epoHo 2 62M0H0

dtzy + ( m > Uy = m2s Vo (1)
d?v, _ 762u(2)H§
dt? m ’

dZ’Ur euOHO 2

dt? * m Ve =0 (2)

Solution to equations 1| and [2| (homogenous + particular):

1% H H
Vy = 0 <1 + ¢ sin (euoot> + ¢ cos <6u00t>>
,U/OHOS m m
W epoHo . (eugHy
Vyp = c1 COS t) —cosin | ——¢
poHos m m

dv,
)
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V(t=0)=vy(t=0)=0=¢; =0,c0 =—1

Vi Hy |- H, .
woHos m m

Vi epoHo 5 Vo mVo . [euogHo -
T(t)dt = d () = o2 (1 —cos | L20] ) 3, t— t
/ ®) ® uiHgse Rl e poHos — esulHZ i i

ii

2mVj
de(t) | max < 8 =
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Problem 5.2

A
ﬁﬁﬁ:/g?ﬂ

For contour through space to left of block

HyLs = NI = NlIycoswt

sin wt

NI
L _ 0
H; =

For contour through space to right of block

V><V><E[):V><UF>

Assume uniform o, and use V x V x 4 = V(V - 4) — V2 4.

V(V-H)-V2H =0(V x E)

0
Hfs = NIycoswt + ~da  (all current in 4z direction must return in —z direction)
ock
Hf = % sin wt
S

B

VxH=17 3)
For Block Al 7 =oE.

V x H=0FE
For block B

o7

o wheE (4)

ovxH) 8 )

o ot
ot ot
(4Gt
oH

V E = UJpEﬁ
C
Block A

V x H=0F
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Faraday’s Law

Vxﬁ:—@

ot
Flux continuity: V - uﬁ = 0; for uniform p = V - H= 0.

oH

VQﬁ = JMW

Block B
oH

VXE—Wé‘

VXVX@ZVXWQEﬁ
ot p

Using V x V x A= V(V- Z) ~ v2A and assuming uniform properties

V(v aﬁ @ = wle(V x ﬁ)

Flux continuity for uniform y — V - H=0and using Faraday’s Law
or Mo

Integrate and assume that integration constant is zero
w2
2 2
V2H = wps,uﬁ = C—gﬁ

1
¢ = —— = speed of light in material
VEH

v2

D
Assume H = Im {ﬁy(a?)ej“t%y}

V2H = au%? for Block A.

62
Ox?

0? oo
ﬁHy(az) =opjwHy(z)

Assume H,(z) = Hoel**.

~K 0P = op e

——H,(z)e’*t = opjwH,(z)e’t

—k% = opjw, k = £/—wpjo

p=y 20 - )

o pw
a=4/—

2
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ﬁy =TIm {H&ememmewt + ng_we_]wejwt

Apply B.C. to complex H. At =0, K =0 = Hy(z =0,t) = 2o sinwt.

=Im { Nl ej“t}
s

Héeoeoej‘”t + ngoej“’t
_ NIy gt
s

o1 oo NI
H§+H§:TO

Atz=d K=0= Hy(z=d,t)= Mesinwt

N . . NP . . NIy ;
Héeadejadejwt_’_ng ade jade]wt — e]wt
S
N ) Nl
= Hl adejad+ngfad67]ad _
S
From B.C. at . =0

. NI, .
H} = ?O—Hg

NIy ., . . , NI,
eadejad o Hg [6ad6jad - efadefjad} _
S S
NI (1 _ eadejad)

2 s
HO - (6—ade—jad _ eadejad)

. NI, NIO{ 1 — edeiad ]

s s e—ade—jad _ cadejod

NI eade—jod _ |
e—ade—jad _ eozdejad

ﬁ = Re {H&ewe]”ewt + ng_““e_]awej‘”t} 1y
Or

NIycoshy(z— %) . |-
H=1Tm [ elwt iy

S cosh £ xd

Wlth’y_Tj )= /u;ua-ya—F
For Block B: Assume H(z,t) =
v2H :wgsuﬁ

82
Ox?

—k =wlep

k =+ /wlep = Fwp\/Euj

r—’% mh—t

e]k:a:ejwt}

Hoejkze]wt —w SuHoejkx€JWt
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ﬁy(ac) =1Im {f[&e‘”ej“t + ﬁge_wej”t}

= Wpr/EL

Apply BC.at z =0, K =0= HS+ = LN gin ot

S

IoN
S

Héeoejwt + HOQeOejwt — ejwt

-1 .2 NI
S Hy +Hy =220

Apply BC.at v =d, K =0 = Hf = 2l sinwt.

If[;eadejwt n I:]ge—adejwt _ IONejwt
: S
N . NI
Héead + ngfo‘d =20
s
NI A A2 NI
|:O — Hg:| ead + H() e_o‘d — 70
s s
- NI
Hg [e—ad _ ead] _ trio [1 _ ead]
s

N NI 1 — ed

2 =20 [ . € d}
S et — &

S NI —od _ q

== { © . d}
S e~ad — e

ﬁy(m) =Im {ﬁée"‘xejwt + flge_“xej“t}

= Wpr/EpL

Or
NIy [ 1—e
H? =
0 s |:6ad _ ead:|
HéNIO|:6ad_1:|
s e—ad _ pad

Hy(z,t) = [Hye™ + Hje **| sinwt

_ NI cosha(z — %)

s cosh %d

Hy(z,t)

w
sin wt, with o = =2 = w,\/en
c
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Figure 1: |H,| for blocks A and B for Problem 5.2 (Image by MIT OpenCourseWare.)

E

For Block A
VxH=T7

Since H = ﬁy(x)

_ OHy(z)
T =

7 =Im {I:I(}(a + ja)e®el®el@t L H2(—a — ja)e”

1+ 2
= —0, 5 = R —
) wpo
For Block B
ox

omce—Jozme]wt

}2:1ml

NIyvysinhy(z — 4) ot | 2

e )
s cosh( 72ii) -
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7 =Im {H&ae‘”e“’t - Hgoze_o"”ej“’t} z

7(:1:,15) = [Hyoe™ — Hiae "] sinwtz

ksinh k(x — & N
_ N1 ksin (id 2) sinwti, , k= Wp
S coshT c
20 7 T | T T T | T T T ;
__ ;
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Figure 2: |J,| for blocks A and B for Problem 5.2 (Image by MIT OpenCourseWare.)

Problem 5.3
A

From the Boundary condition i, - [ E(z

E.(x

0N —E(z=0")=

Os

€0

0F) —eoE(z =07)] = 0, we know
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and from the symmetry, we know E,(z = 07) = —E,(x =07). So Ex(x =0") = —E,(z =07) = Z= =

%So(ay). We can build the boundary condition for the scalar potential:

BC1: ®(x — 00) =0,P(z - —00) =0
0% (x,y) 00 (z,y) _
BC2: —— = (z=0") =+—"(z=07) =
ox (@ )=+ ox (@ ) 20
Here we assume the general solution for the scalar potential is given: ®(z,y) = AX (2)¥(y). As BC1 implied,
X(z) =e " x> 0; and e*®, 2 < 0. With BC2, we find the scalar potential as:

o cos(ay)

Bz, y) = ope cos(ay)vm 50

2(160

c0e® cos(ay)
D(z,y) = B PP <0

With E = -V = —52i, — 5%,

—ax

_ e . =
E = 5702 (cos(ay)iy + sin(ay)iy),z > 0
€0
axr
E= fﬁ(cos(ayﬁm —sin(ay)iy),z < 0
250
B
For the electric field line, we have %Z = gz Atz >0,
do — C?S(ay)d = oo sin(ay) = constant
sin(ay)
At z <0,
dr = _cos(ay) dy = e*sin(ay) = constant

sin(ay)

C
See Figure 3]

Problem 5.4

A
At region z > 0, we have the general solution ¥y = e **Asin(ay). At region x < 0, we have solution
U = e*Bsin(ay). We chose exponentials in x for 0 potential at © = +00. We chose sines as H = —VU¥

will have to satisfy cos(ay) and the boundary condition for z = 0.

B
Boundary Condition 1: 7 - [B’I — BH] =0= poHrzle—o+ = pHrrz|z=0--
Boundary Condition 2: 7 ¥ [f_ll — ﬁn} = Kqcos(ay)iy.
Hrylz—o+ — Hirylz—o0— = Ko cos(ay)
Here H = —VV, H; = ae~*® Asin(ay)i, — ae~* A cos(ay)iy
Hy; = —ae® Bsin(ay)i, — ae®™ B cos(ay)iy

By BC1: yupA = —uB; By BC2: B— A= % We can solve: A = _a(ﬁoKﬁu) and B = a(‘:ffii).

10
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Figure 3: Electric Field Lines and Equipotential Lines for Problem 5.3C (Image by MIT OpenCourseWare.)

C
The solution for H field:
— /,LKO _ . - — =
Hy = —— |—e “sin(ay)i, + e ** cos(ay)i x>0
= s e sin(ay) (@)i]
7 /J'OKO . - -
Hi = —e"sin(ay)i, — e cos(ay)i z<0

Problem 5.5

Line current I of infinite extent above a plane of material of infinite permeability, © — 0.

A

—

B= ,uﬁ = for y — 00, in order to have B finite, we need H zero = continuity of normal B and tangential

—

H at the surface.

B

Using method of images to satisify because at y = 0 for medium where y — oo because = H, = H, =
Oat y=0
For a line current at origin (see Figure 6)

11
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[x2+ (y —d)?] [x2+ (y +d)?] = Const

pe g

Figure 4: A diagram showing a line current I of infinite extent above a plane of material of infinite permeability

with field lines.
'@ A

Hy Ty
>

X

-t

image current 00

1O, v

Figure 5: A diagram showing how to apply the method of images with the image current in the same direction
as the source current. (Image by MIT OpenCourseWare).

L I
%Hdl=I=>H¢=7
c 2

r
= ol ~ = - 0A, I
B="— B=VxA=— = —

= oy ¢ 0 SHCC or 2mr

I
= A, = _to Inr — constant
2T
= for line currents I at z =d and I at z = —d

Az:—g‘;@{ln[ x2+(y—d)2] +1n[ x2+(y+d)2]}
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/ \C Gaussian Contour

Figure 6: A diagram depicting a Gaussian Contour surrounding a line current (Image by MIT OpenCourse-
Ware).

A= -2 a2 (- @) [ + o+ ]}

4
C
B} B I R
B=Vx A= 7%Azly + @AZZI
T 2 [mQ +(y+ d)ﬂ + 2 {xQ +(y— d)g} o L2 =) [332 +(y+ d)ﬂ +2(y + d) {332 +(y— d)ﬂ B}
=— Gy——— iy
2y 2+ 07 Y An 22+ (y = @)°] [22 + (v + )]
Ao _Iwo |t dis —aiy | (y— )iz —ai
Gl P ) R N
D

Force is applied on the line current due to the image line current

Force per unit length:

F =1 x B « field due to image charge at (z = 0,y = —d)

- /,L()I 1 -
=1 z | a3l
= <2w> 24"
pol? ~
4rd by

so line current is attracted to the surface

13
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