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PROBLEM No. 1

a. lp
From the symmetry of the situation we take the ~ /". N
magnetomotive force along a circular path of radius r, BA/ Fot ]
centered on the wire. o

- ' N P
§ Bdl=27rB = 1 = B =22 LB

2xr

b. 1.5p

Consider two elements dx of the rod placed symmetrically at distances x from its
center. The corresponding forces acting on them are:

' 1
dF - I dfc
27 (d —xsina)
e udl'dx

B 27(d +xsina)

The sum of their torques is:

B 2u,11%°* sinard x
272((12 —x”sin’ a)

For very small angles, the total torque is:
L
2 ' 2 ' 3 2
M= I_ﬂOIIaf dxz_yollaf _mL G=T, =2rd 2rm
d 24rd 12 U 'L

dM =(dF"-dF')x=

0

c. Ip
Taking path integrals along circular field lines exactly like at the first point, we get:
B, =0

B = Mol I

our =
2

r

d. 0.5p
The above argument keeps holding, and the results are: -

B _ Ml B
WIRE SIDE 272'1" B @A I
r
Y

BOTHER SIDE — 0

e. Ip

1
J(r)=—
") 2xr

Mol
AB” = BllOTHERSIDE _B||WIRESIDE =0 _(_ . ) = tyJ J
27r

f. 1.5p
Consider a small region of the plane having dimensions da along J and db across J.
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B,-B,

J = -2 1 ettt >
Hy d B

Let By be the external magnetic field and B’ the field

generated by the conducting plane. 97

B1=B()_B’ BI+B2 —————————————————————————— )E
{=By=—"—=~

B,=B,+B

B+B, B,-B,¢B+8 _ _dF B, - B!

dF=dI-da-B,=J-db-da
# 2 ds 24

g. 0.5p
Just as before,

By =0

IN
B = Mol

ouT —
2xr

h. Ip
This time the path integrals go the other way around.

27r
Boyr = 0

By

i. Ip

Consider two elements d/ of the wire, placed symmetrically at a distance / from the
center of the wire. Their contributions to the magnetic field in the mediator plane are
equal:

ol dlsin(90°—3) poldl

dB|= os’
‘ ‘ 471? 47d* P
— ud
I=dtanf=dl= df =|dB|=—"—cos fd
p cos’ P ‘ ‘ Ard pap

a o )
BIZJ"U—O](:osﬂdﬂ:’u—OIsinﬂ :/J_OISIH—O[

o 4rnd 2rd o 7L cosa
j-1p

From a point in the equatorial plane, the axis of the poles of the sphere is seen under
an angle 2a, with tan a = R/r.
Outside, the sphere behaves similarly to an
electric current flowing directly from one pole
to the other through a wire connecting the poles
directly:

_ M R 1 ®<20
BOUT (l") 27[ B m
Inside, the sphere behaves similarly to two
semi-infinite straight conductors connecting the
two poles of the sphere and carrying the current
I in the opposite direction:
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PROBLEM No. 2

a. lp

Consider an element dx of the rod, placed at distance x from the center of the rod. Its
mass is dm = mdx/L each. Let 2/ be the length of the rod at some moment, and let y be
the corresponding length of the region x.

Since the object is homogenous at all times,

y_ 1
x L)2
Let v be the velocity of the two ends of the rod at some moment.
d 21-L
d/ d(2l—L) L Lde L .
yV=—-= = = = —
dt 2d¢ 2dt 2dt 2
L

The velocity of the element considered is

Ix

dl 2
dy (L/Zj x dlxv 2xLé
v(x):az = = =——=2X¢

dt  L2dt L2 L 2
The kinetic energy of the rod is
L)2

Ekin :2_[

0

. L/2 .
dmv* (x) B LJ/‘2 2 mdx me’ x° B ml’ &’

2 L L 3| 24

0

b. 0.5p
Let S be the cross section of the rod, and V its volume. The elementary work done by
the tensile force oS equals the increase in elastic potential energy.

dE,, _dW = FdQ2l)=oSd(2i-L) = Ee -d2i-1)="E s de =d£@g2j:
L p

2p
2
EpOt = mfg
yo,
c. 0.5p
2.2 2 2 ees .
Emech = Ekin + Epot = m§48 + mfg = constant = Emech = mfzgg + mkgs =0=
P p

2 .o
mL'é +Vo=0
Dividing by L we get:

Le) .. Le\
m— = _GS = xe uivalent =l A

12 a 12
d. 0.5p

Dividing also by m we get:

2
L—é’+£5:0:>a)2 :Q:Tm :ﬂL,’ﬁ
12 p pL ¢ 3E
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e. 0.5p
Consider very thin spherical layers of radius x and thickness dx. Their masses are:
2
dm=m4ﬂx (:x =3—n31x2dx
4R R

3
Let r be the radius of the sphere and v the velocity of its surface at some moment. The
argument goes similarly as in section A.

2 2 222 2.2
v=Ré:>v(x)=xé:>dEkin=dmv (x)=3mx dx x°¢ ~E _3mR’¢

2 R’ 2 im0

3EVd(é?
dEpot:dW=GSdl"=8E47Z'R2Rd8= ( )=d[3;nE82J
e,

3m £R2é2 Eg’
— +

mech = = constant
2 5 Yo,

f. 0.5p
: R*éé Esé 5E
E=0= gg+ﬁ=0:>a)2=—2:>Tradial=27rR,/£
5 Yo, PR SE
g.0.5p
o E(&‘x-i-/,l&‘y)
gxz " _/'l_y Gx = 2
E E _ 1-p
o
gyz_y_luﬂ o :E(é‘y-i-/,l&‘x)
E E y 1_ﬂ2
h. 0.5p
. v |mes, Eletwe)y
mxe(]uivalent =-0, Z - 12 1— Iu2 L
" V mle Ele +ue
myequivalent :_Gy7 + ( Y /; X)K—O
12 1—u /
i. 1.5p

By replacing the sought solutions into the system of equations we get

@Al E(A+uB)
12 p(l-p2)
_o’B +E(B+,uA) o
12 p(1-47)
By dividing the two equations term by term we get a simpler one:
AL’ A+ uB
B> B+ud

Let us denote the ratio of the two amplitudes by .
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L r+u

l"l—2=

= plr* +(C =1 )r-pl* =0=

I+ru
(2 —lz)i\/(Lz PV 4P
2ul’
Returning 7 in the second equation we get:
2 2 2)\? 27272
. 12E —(r -1 )i\/(L —IP) + 44701

@ _plz(l—,uz) s 2ul’

ri;2 =

=

6E[L2 e i,u\/(L2 7Y +(2yu)2}

pL’l? (l—yz)

B B 6E(2L2i2,u2L2)_ 12E (14 417
L—l:>6012_\/ pL4(1—,L12) _\/pLz(lluz)

2 T
A = 1215 1+ ,Uz 1~ ﬂz 12l§ - ].{)eats _ lor;g
pL \N1-p pL u

k. 1.5p
Let d be the thickness of the plate. The shear tld sin y
force t/d can be decomposed into a stretching
component along L (x-axis) and a shrinking
component along / (y-axis).

_tldsmy tldcosy

o =—>";0
) ld " (L/cosy)d
7sin 7l cos’

SX
E LE
__rlcoszy_ Tsiny
g LE E
But
o 1 / !
x=cos;/ _ cosy;(9 _ Lcosy =—(1—cos;/):>
L cos y g [
El-cosy . I,
— =siny+y—cos” y
T Ccosy L
E I, )
—(I—cosy)=—cos” y + usiny
T L
Multiplying the second equation by p and subtracting it from the first one we get:
E . ) Ey? s 27(1+ )
—(1-cos —u |=siny(l- =>——(1-u)=y(1- >y=——-"
—( 7)(Cosy ﬂj r(1-)= S —(-m) =y (1-p) =y ==
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L. 0.5p
The quantities involved in the shear deformation are absolutely analogous to those
describing the longitudinal deformation.

Tslant :ﬂ-L'\/é :]-{ong \)2(1+lu)

m. 0.5p
Consider very thin cylindrical layers of radius x and thickness dx. When the cylinder
is twisting, each one of them is subject to a very small shear.

T =xL|L

twist 3G

n. Ilp
Let a be a very small angle with witch one cap of the cylinder rotates with respect to
the other. Then the slanting angle of a cylindrical layer is:

X
xax=Llyr=>yv=—«a

y=7 I
The corresponding shear stress is

T=G£C{
L

The elementary shear force acting on the cap is
dF=7rdS= G%aZﬂxdx

The corresponding elementary torque is

3
AM = dF - x = 2nGax’dx
R 4 4 4
M= 2rGa Ix3 dx— 27GR « = 7GR _ 7ER
L 3 4L 2L 4L(1+,u)
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PROBLEM No. 3

a.0.5p
Deriving the Lorentz transformations two-fold, we get
3
2
u
==
' C
a =a.
1+
+ ey V.
c

In our case u = v, and v,' = 0.
3
dv viY
t=a'|1-—%
dt c

F =—3=m,a' = constant

X 2

b. 0.5p

d(csina
(—)3=a'dt:>ctana =d't+C

(l—sin2 05)E
Att=0,v.,=0,so00=0and C=0.
V a't

2 2
ve ¢ a't
1—7 1+(j
C C

¢. 0.5p

2
dt'=dt«/1—v—2=L;
¢ / atY
1+(j
C

Again C=0, so
c ) a't
t' =—arcsinh
a c

d. Ip
—c*(de') ==c*(de)" +(dx)’ e 2 2
4 = (dx) =7(cosh21—1)(dr) = dx=—sinhrdr =

t . C
=smhr:>dt=—'coshrdr a a
c a

2

c
x:—'coshr+C
a

Att=t'=0,x0= cz/a', so again C = 0.

v, =csina =

) c c
=sinh7t :>dt'=—'dr:>t'=—'r+C
a a

a't
c
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e. Ip

a

2 22 2 2
ct=c—,sinh7:>x2—(ct)2=£0—j :>£x —(Ct) =1

ct
I
I
I
I
I
1
I
I
1
Czllﬂa' xl x
\
\
\
\
\
3
N
N
N\
f. 0.5p
c? x=p,cosht
Po=—"7F= .
a ct= p,sinht
g.0.5p

2
{x=pcoshr p= sz_(Ct)

ct = psinhz T= arctanh(c—tj
x

These equations require that x > 0 and p > 0, so using these new parameters one can
cover only the quadrant of spacetime characterized by x > |c¥|.

h. Ip
dx=dpcoshz+ psinhzdr
d(ct)=cdt=d psinht+ pcoshrdr

ds® =—c*(d1)’ +(dx)’ =(dp)’ - p*(dz)’ =—c2p—22(dr)2 +(dp) ; f=£g=1
C

c
i. 0.5p
X, (xl j t
p= & 7 =arccosh| —
coshr P
2
Ap = C—'
a
\
Xo X p
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j- 0.5p
The observer will receive only those signals emitted before the beacon exits the
quadrant of spacetime described by the Rindler metric.

cth=x0:>tlim=ﬁ:>N: Lim. +1= Ho +1

C TE) c]}) ‘||
In the case of the light, ' /
ds2=0:>(dp)2=p2(dr)2:>d—p=dr \

P \
At 1 =0, po = X0, SO \
ln£=T:>p=erT ‘\\\
F cla’ p

k. 1.5p

Let p. and 1. be the spacetime coordinates for the emission of a pulse.

ct
p. =+lX, —c’t’ ; r, =arctanh [—j

Xo
ct
L I+— ”
ec—e ° «ct . ct oo, . X . X, t+c
tanh 7, = ——— =—:>62°—1=—(62°+1):>62°= 0 =gt = [
e“+e " X, X, 1<t X, —ct
X0
X, X,
p=ife’=(x0—ct)e’=p0:>e’= 0 —=r7=In 0
e X, —ct X, —ct
Let #* be the moment the observer receives the last signal.
Ie%
at
Wt¥) = c—5—
a't*Y
I+
c
The frequency received is
a't*
]———¢
at*Y dt*\  a't*
I+ I+ - =,
vy c _y c N I at* at*
0 a't* 0 art* 2 art* 0 C C
c I+ +
a't*Y
I+
But
2 '
c . at* . ) . ct
ct*=—sinh7 = =sinhz = v =v,(coshr—sinh7)=v, e =v0(1——}
a c X,
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t=NI,=v=y, {l—ﬂ[[&}rll}
x, \ | cT,

. 0.5p
dpo dpdr ca a dp
U =(x,—ct)e —=— -
ar " drdr o= 0p di
Upon reception,
KNSRI PN
X, —ct dt X,—ctc a c :
Po p

m. Ip

t 1 2,2
tanhr:c_:> > dT:idfidl‘=ﬁ(l—tanh21)dr=ﬁ 1_02 dr

x, cosh’r X, ¢ c X
ddr) dr | x ) dexd+df
de c dx() C xg

dr x, +c’t’

g€ x; O_x(erczz‘2 Ax,
gxg—c%‘z x; -t x,
c X,
n. 0.5p
Ax 2. 10°
gz_ozizzg_izzmm/s 2602102 km _, o
X, ¢ ¢ 9-10'°m?/s
a!

At=4-10"".365-24-3600~1.26-10"s
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