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Ay =t P 203410 m=203 pm
p

@ [2m E

2dsinp=ni = d=

1 ni 1 5/1(113

*sing *sin30°

-11
- ng 1.01x10° m =0.101 nm
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sin® @ =

L—Yzfzzheiw iCOtHi—ﬁ 15 o2t
l op 00 )\32x

= i’ze”"”icot@i ‘ /1—5 e??sin®@ |—he ™ 0 ‘ /1—5 e*?sin? 0 |=
op\ \ 327 00\ \32x

= he Yicot 0, fi sin’@ i(e'zi”j) —he ™ 15 e i(sir126) =
327 0¢ 00

32
=he “icot 0, /i sin’@ (—2i)e™? —he ™ 15 o 2)6in0coso =
N2 32

=he 1—56’2’”’ (icot@sinzﬁ (=2i) —2sin# cos 6’) =he 15 ¢2i| 0 08 0 sin?0 —2sinfcosd |=0
\ 327 327 sl

The ladder operator L_ lowers the magnetic quantum number by 1 unit: L_|¢,m) —|/,m—1).

But when /=2, m=-2 is the lowest possible magnetic quantum number, so it cannot be

lowered to m =-3, and the result is the null ket | ﬂ/ ), i.e. the ket for which (V¥ | ﬂf »=0 for all
| ) (and also (ﬂ|ﬂf)=0).
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H=a(o,Xo,l+10,)%p,))

W H ={a(loXel+1oXo)] =a (o)) +a (o.Xal) =a(le)Xe))+a( o )el)=H
(2) B =HA =a(|oXo, |+ |, Xol)a (10X, +] 2, X0, =

= [(lo)@) (| )) + (I X)) (| 0.)]) + (0@ ]) (| 2@.) +( 2] (L2 ) | =

=a?|19,) (@403 (2| + 10,0, 0,00, +1 9, 9,X0, | + | 2,) (@33 (93] | =
=a*[|p @, 0. )0l + o)X o )Xo, |= [l o )Xo+ 9, X, | |# H

H=a(p,X0,+19,)%p,))

W) A ={a(lpXel+1oXa)] =a (o)) +a (9.Xal) =a(le)Xe))+a( o )el)=H
@ B =HH=a(|)p,|+|0.)0 ) a(l0 )Xo+ 9.)0)=

=a*[(l o)) (|0 )) + (I X)) (| 0.0l + (0@ ]) (| 20@.) +( 2] (L2 ) | =

=a?|19,) (@403 (0| + 10,0, 0,)(0, +1 9,0, 9,X0, + | 0,) (@33 (3] | =
=a*[|p @, 0. )0+ o) o Xo,||= > [| o )Xo, +] 0, X, | # H

2
def. A

H
?:|¢1><(/)1| +|¢2><¢2| =B

A A

A T
A H? 1 A A 1 ~.~ N
1)B'=| —| = HH) =—H'H' = =B
() (az] (a*)z( ) a2 aZ

(2) B> = BB=( 9, X0, + | 2,X@,) (| 0,0, + | 0, ]) =
=|¢1><¢1|<o1><¢1|+|mW(%I+|¢2>M<¢1I+I<02><(p2|¢2><<o2|=
=1 oY@, |+ 0, )@,| = B

Hip)=a(lpXo,l+|oX0) o) =al|p)eto)) +al|p,Xplp)=alp,) isnot «|p,)
ﬁlqoz)=a(l¢1><(p2|+|¢2><¢1I)\¢2>=a|¢1><¢2|¢2>+a|¢2>w=a|¢1> is not o«c|p,)

[, 1o Xp, 1= Hl o )Xo |- |0 )Xo | H=a|o,Xp, |~ o )Xo, " =a(|o,Xe] - 0,Xe,)
[, 10,%0,1= H|o,X0,| - |0,)X0,| H=a| o )Xo, - |0, Xo | a" =a (o)X, - 0,)e,)
We see [ H,|0,Xo,|1=—[ H, | ¢, X¢,|]



Trial normalized eigenket: |y)=4|¢,)+4,|0,)
2 2
Wy =|a| +|af =1

=iy (0 sl = (7 30 =

k@ =F*-a’=0 = E=ta

a -E
12

E=+a = -al+al,=0 = A, =4, = |y)=|?2

1 2 2 [%\/E

NG

E=-a = al+al,=0 = A =-4 = |y)= Lz ]
2
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(1, 2) = 1 222—x2—y2+\/§E_ 1 3zz—r2+\/gg
vis g N r? vt 4z 7P T r

/ 5 3z2—¢2 322 -2 167
Y,, = > SO = Y,
167z r r 5

+i : .
Y, =7 15 (xtiy)z N Y2+l:_/1_5(x+zy)z and Y, =+ 15 (x—iy)z
- 8r 1 ' 8z 1’ ’ 8z r?

15 ((x—iy)z (x+1iy)z 15 ( xz—iyz xz+iyz 15 xz
Yo Yo = g( 2 P ezl 2 P =2 87 1%

1 |3z22-7r2 3 1 16 3 8
v R L h e MEF %(YZ"“YZ’“)}
1 16 3 8 2
! T Tﬁ[yzonr\j;% 1_7[[Y 2+1} \/_ [Y -1 Y2/+1]:

20
1 2 2
ZEYZO-’-\/;YLl \/;Y2+1 —12,0)+ \/7|2 -1) - \/7|2+1>

é,hx



1 [2 2

= (2,00 +,/2]2,-1)— |5 |2,+1

17 \/§| ) 5| ) 5| )
2 2

1

H Nl

1 2 2
|V/>_£|210>+\/g|2/_1>_\/g|21+1>

2

5

vly)= + =1

2 2
. . 1 2 2
L)y = |12 |p)=|—— -6h2+\ﬁ -6h2+—\ﬁ 61 =61’
(L) =<w L [y) ‘\/3 z 5
2 2 2
(LY=L | >—i ~0h+\/§ .(—1)h+—ﬁ {(+Dh=0
z l// z l// \/g 5 5

(Ly=(w L,y

Lly)y=+L. 12,0)+,2L, |2,—1>—M=%h\£|2,+1> +2m/612,0)
WL |y)= {%(2,0 | +2(2,-1] - [2(2,+1 |}{%h\% 12,+1) +2n6 | 2,0)} =
=ﬁ\/%h\/g(2,0 12,0) —\/%ﬁh\/g(z,ﬂ 12,+1) =

=L [z - [z L6 =0

|l//>——1 —322_r2+\/§E—
YN T
=L(3C0520—1)+JEO/S]HGCOS@(/COSH): L (3C0526’—1)+\/§sin9c059cos¢
A~/ T / T

Jr N
2
P:A-LMZ aQ ~ |l//|2A.LdQ:|W|2AQ :{ﬁ(3c0520—1)+\/%siné’cosecowl AQ =

= $(3C052(§7r)—1)+\/%sin(%ﬁ)cos(%ﬂ)cos(%ﬂ)} 107 =

= ﬁ(?)(%)zqﬂ 3. (%)(0)] 107 :{ﬁ(_%)} 107 =1.24x10°
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PY= = flutser [ dS2
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> (ice j l\lfm(-g?“)

() <ro>= 4 [P ]es )+ R (r)] 4r PNem Mo d7 ngé
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Té(/ifg/ai;ﬁhu/a s € /OJ dr

$[5(%) 3! =75 @, sl =2 (45)=Fa,

, . o o
(d\) O ot 2 ]/L)- \A/[U7 /)/‘9/6(4/6;(‘,5{&5/5 T,l.“ WI_,

(¢) Ldipgeg=g 2
¢ Aot s =
Coamiipeg Lm0l ETE 7
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bopAY 4  d®_AdV Id-IZSOdCD OAdv av
d dt d dt P dt d dt dt
-2
C=¢ é—8854x10‘“ w—4425x10_“17 44.3 pF
°d 0.5x107
Iy =C ‘?t/ =4.425x107" #500x10° =2.21x10™ A =22.1 pA

EM A2

KU =K+ = K =Uz=Up,+U,+U, +Uy, +U, +U, =

=u,+Uu,+U,+U,+U,+U,=4U,+2U,, =

_4qu+2k 1 _k‘”[4+ ] K19 (4442)=54142% 97 =
\/_s \/5 ( ) s

S

-8 -8
=8.9875x10° *5.4142 *% =8.9875%5.4142 %107 = 4.866x107* J

K =4866x10"] = K =1217x10"* =1 mo* =1(107°)0* =
four one 2 2

particles particle

2433x107" =0 = ©v=+2433x10" =0.493 m/s
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Consider two concentric spherical metal shells of radn 11 and 12 (12 =11). If the outer shell has
a charge q and the inner shell 1s grounded, what 1s 1ts charge?

L.et q' be the charge on the inner shell., The potential at the

inner shell is the sum of the potentials due to q and q',

respectively:
v = —..q— b _':.I-_II
-

which is zero since the inner shell is grounded, Therefore

o
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.EV(D B

Apply L=—
i

to calculate L.

UNT
W

(dW) = wuNi[(D—d) + Kd|.

In the air the magnetic field is By = ”gf:”r"  Inthe liquid, By =

NI[(D ]+ KﬂoNf

¢B = BA :BLAL +BAJIAPUI =

L - Ve,

= N (D d) + Kd) =Ly~ Ly +zf5:zo+[5f;°)d.

d -_-( i ]D, where Ly = ytpN*D, and L; = K jtyN*D.

Using & = J¥n +1 we can find the inductance for any height L = I (1 S %J

Height of Fluid Inductance

d=D/4 L/L,=1.0016
d=D/2 L/ L,=1.0032
d=3D/4 L/L,=1.0048

d=D L/L,=1.0064
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| Analysis

We have chosen two parts in the circuit in the picture from assigned task. We _know® the amplitude of
the voltage of each of them so we can solve each part as a separate circuit. We use Ohm'’s law for an
alternating circuit. The current is the same in both of the circuits, so we can formulate the capacity from

the ratio of voltages.

We gain the amplitude of current from Ohm'’s law which we use for the whole cirenit.

Expressing of a voltage U,,; and U,

A coil with an inductance L and a resistor with resistance R are connected to the part of the cirenit which

belonges to voltage U,. The coil and the resistor are connected in series.

We formulate impedance Z) of this part of the circuit:

Z, = B+ (Xp - Xo) = |JR*+ X},
And substitute it to Ohm's law:

Umi = InZ1 = I | R* + X} = I;my/R? + (wL)*.

Formulas for the second part of the cirenit, to which belongs voltage Uya are similar. In this cireuit we

have a resistor with resistivity & and a capacitor with an unknown capacity C:

Zy = \/R2+(XL—X0)2 =¢R2+X%

Upz = InZy = Inno /JRE+ X2 = I,
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Expressing a capacity C and an amplitude of a curren I,

From the assignment we know the ratio of both voltages. So we replace it with formulas which we derive
from voltages in previous part:

Uy IR+ (WL

Uy I, R+ L
o)

The amplitude of current 1, is the same for both formulas so we can reduce it.

R+ (wL)?

J e
(wC)?

1
2

Express unknown capacity C

1 R4 (wl)
4 R2+|:%)2

B 4 (o) = (R + (L))

1
(=5 )? = 3R* 4 4(wL)’?
1
CP=——
T Awl)
C— 1

wy/3RZ + A(WL)?




We should express the amplitude of the current from Ohm's law for the whole circuit. From the
assignment we know the amplitude of the voltage of the power supply U, There are all three segments
in the circuit so we need all three quantities for the formula of impedance — resistance. capacitive

reactance and inductive reactance.

= =
Numerical solution
Capacity of the capacitor:
C= ! = ! F

wySRE L AWLY  2.7.50,/350° + 4(2- 7 -500.1)°

C=30-10 °F = 30 uF

Amplitude of the current:

r_Ua_ U
Z R2 4 (wL — El )2
300
+(2-w-50-0.1 — PrE03010E )

In=33A



EM - B3

(a)

Apply the integrated version of Faraday's law to the closed loop
L made up of the segment of the circle connecting the moving
end of the rod and the point C, moving counter clockwise (when
viewed from above) from that end to C, the segment from C to A
containing the resistor R and then the rod itself:

j{df.- B ——-q:-

where ®p(t) is the flux of magnetic field passing through that
loop. Ewvaluating the left and right hand sides of this equation:
wr? r’ Bw

R=—RB -
! > or [ o°R

As found in (a), [ is positive.

Consider a segment of the rod of length dr a distance x from the
pivot. Because of the flowing current this segment will contain a
charge d) moving at velocity v where I = dQ)/(dx/v) = vdQ/dz.
The torque 7 exerted by the magnetic field on the rod carrying
the current [ is then given by:

dQ : IBr* riB%
T / ﬂB’ IB‘/; Bl - 5 i

pointed downward. Thus, —7 must be applied to the rod to main-
tain its rotational motion.
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The weight I?'c and the tensile force from the thread f‘g act on each ball in the air.
The balls are charged thus they repeal each other by the electric force .ﬁ,.

For the magnitude of these forces it holds:
Fg = mg
1 @

e = anco 3 )
where ris the distance between the balls.
The balls are stationary thus the net force of these three forces must be zero.
We can express the tangent function of the angle a from the “purple “ right-angled triangle:
1
i 2
mg
2
tga = —— L
4meo mgr?

F‘c
F‘G’
()

If we immerse the balls into benzene a new force. the buovant force ﬁvz, appears.

The weight stays the same but the repulsive electric force F, will be g-times smaller. The tensile force will

be changed as well.

Fe = mg
@
dregey 12
Fyz = Voug

The net force of these four forces must remain zero.
This time we express the tg a from the “green” right-angled triangle:

1 @
F.  Tme 7

tga = -
8= Fe—Fvz mg— Vorg




Now we compare the expressions (*) and (**) for the tangent function of the angle a

1@

dwe0 mgr? "~ dmeoe, r2g(m — Vs)

We multiply both sides of the equation by

and divide them by *

L
=

For the mass of one ball m we insert m = V p and obtain:

1

5 Vo Ve

Vo

From this equation we express the unknown density of the ball p as

o=z (0— o)

We multiply the expression in the brackets by & and move the terms containing the unknown p to the left-

hand side.

ErP— 0 = Erh

o(sr 1) = &0




Numerical values

P =870kgm....... the density of benzene
=23

p="7 (kem?)

obEr 2.3 . 879
6= o1~ 33 T

m *. = 1600kgm *
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