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FYSA220 Sahkooppi exam 
Pe 21.05.2010 

Notice: Solve 6 problems out of 7 

1. Two persons (mass about 70 kg) both have a charge of 400 C. This means that approximately 1 
molecule out of million has been charged. 
a) Calculate the electric field E produced by person A at the radius of 1000 km. (3 p) 
b) Calculate the potential ¢ at the same radius. (3 p) 
c) Define the work done when bringing up the person B from infinity to the point where the distance 

to person A is 1000 km. (4 p) 

2. Starting from Biot-Savart equation _ f.- X ._f 
I r 

3. 

li(r) _ ~al pdl x (r- r')) 
- 4rr s lr- rf 

show that the magnetic field B produced by the current loop on 
the axis is 

where x is the distance from the loop and a the radius of the loop 
(see fig.). 

The above-mentioned result can be extended for a solenoid. Using the equation show that for the 
solenoid 

where N is the number of tums/m. 

Axis of symmetry 

Nl (solenoid. N tums!m) 
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4. The remanence Br of uniformly magnetized permanent magnet is 1.2 T. The magnet has a cylindrical 
shape and is 5 em in diameter (d) and 10 em in length([). The magnetization vector is parallel with x­
axis. A hole of 1 em in diameter is drilled in the center of the magnet (parallel with x-axis). Calculate 
the magnetic field B (also its direction) at x = 0 and x = 5 em (see fig. below). Assume that the 
magnetization M is independent of magnetic field strength . • 

I 

d = 5 em -......... · · · · · · .; · · · · · · · · · · · · · ·•· · · · -- -· · · · .,.. x d=5cm 
I 

l=10cm 

5. a) Define the voltage V induced between the wing tips of an aeroplane (wingspan is 60 m) when the 
velocity of the plane is perpendicular to magnetic field of the earth. The velocity of the aircraft is 1000 
kmlhour and you can assume a magnetic field of 50 ~ T. ( 4 p) 

b) Starting from equation V = L dl, show that the energy of the magnetic field is 
dt 

1 2 
U=-BV. 

2f1u 

Note L = f1uN 2
111"

2 l, where 1 is the length of the solenoid, N tums/m and Vis the volume of the 
solenoid. (6 p) 

6. The components of an elliptically polarized wave propagating in air are: 
Ex= 3.0 sin( rot- kz) Vm-1 

Ey = 6.0 sin( rot- kz + S:rt/12) Vm-1
. 

Calculate 
a) components of magnetic field (5 ~) 
b) average power of the wave (W/m ). (5 p) 

7. a) Show that at the boundary of two different media H
11 

is continuous (4 p) 

b) explain remanence (2 p) 
c) explain skin-effect (2 p) 
d) explain why TEM-mode cannot propagate inside the rectangular wave guide? Describe shortly the 

waves, which are capable of propagating inside the afore-mentioned waveguide. (2 p) 
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• Prom: physk:s.l.ls 

Fundamental Physical Constants -Frequently used constants 
· Relative std. 

Quantity Symbol Value Unit ancert. "• 

speed of li&hlln YIICUUm ~.~o 2997924.51\ ms-1 (euct) 

ma&-le constant /I,() 4Jr )( 10-7 NA-1 

= 12 . .566 370614 ... )( 10-7 NA:...1 (ex:ocl) 

eieclric constont ll,..cl •o 8.8.54187 817 ... x ui-•2 Fm-1 (eucl) 

N~ion consilllil 
or aravilallon G 6.673(10) x •o- 11 m3 kg-ls-2 J.S x Jo-3 

Planck constant h 6.6260G8 76!.52> x 1o-,. Js 7.8 x Jo-• 

hflJr 1\ 1.054.571 .596(82) >< 10_,. Js 7.8 >< lo-' 
elementary chiU'Ic: ~ 1.602176462(63) >< 10-19 c 3.9 >< Jo-1 

mapetic nux quantum hfU 4>o 2.067 833 636(81) X I o-15 Wb 3.9 x Jo-• 

c:oncluctanc:c: qu8ntum 242/ h Go 7.748091696(28)x Jo-s s 3.1 )(to-' 

electron mus '"• 9.i093BIBB(72l x 1o-" kg 7.9 x Jo-• 

proton mass '"' 1.612621 S8(13l x 1o-11 ks .7.9 )( to-1 

pro!OII-eleetron masa ratio ,., .... 1836.1526675(39) 2.t )(to-' 
ftne-structtlfe con$hltlt .r1{4••ollc " 7.2973.52.533(27) x lo-3 3.7 >< lo-' 

lnvenc line-stnaclure constant "-I 137.035 999 76(50) 3.7 x to-9 

RydheiJ constant tt1m0 cflh Roo I 0 973 731 . .568 549(83) m-1 7.6 x Jo-11 

A\'Oiaclro CQflstanl NA,L 6.022141 99(47) x 1ou mol-l 7.9 >< lo-1 

FwldayconstMI NA.t F 96485.341.5(39) Cmol-1 4.0 x to-• 

molar&u constant R 8.314472(15) Jmol-1 x-• t.7 >< lo-' 
Bollzm8nn conlllftl Rl N A k 1.3806.503(24) x 10-11 JK-1 t.7 x to-' 
Stef111-Boi1Zm11nn constant 
(w1J60)k•fll3.,2 tr .5.670400(40) x 1o-• wm-1 K-• 7.0x J0-6 

Non-St units KCCpled ror use with the Sl 

electron ~II: (.riC) J eV 1.602176462(63) x to-" J 3.9.x Jo-• 

(unified) atomic m- unit 
I u • "'• • ~m(11C) u 1.660.538 73(13) x 10-11 'kg 7.9 x to-• 
... 10-3 ts mol-1/ NA 
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• 
VECTOR IDENTITIES• 

Notation: /, g, are scalars; A, B, etc., are vectors; Till a tenaor; I is the unit 
dyad. 

(1) A·BXC • AxB·Cz B·CxA-BxC·A• C·AXB • CXA·B 

(2) A x (B x C) .. (C x B) x A = (A· C)B - (A· B)C 

(3) A X (B x C) + B x (C x A) + C X (A x B) = 0 

(4) (Ax B)· (Cx D) •'(A · C)(B ·D)- (A· D)(B ·C) 

(5) (A X B) x (C X D) =- (A X B · D)C - (A x B · C)D 

(6) V(Jg)"' V(gf) = JVg + gV / 

(7) V · (I A) • JV · A +A · V J 

(8) 'il )( (!A) - JV X A+ vI X A 

(9) V · (A x B) = B · V x A - A · V x B 

(10) V x (Ax B) • A(V ·B)- B(V ·A)+ (B · 'ii)A- (A· 'i!)B 

(11) A x (V X B)= (VB)· A- (A· V)D 

(12) 'ii(A ·B) • A X (V X B) + B X ('il x A)+ (A · V)B + (B · 'i!)A 

(13) 'i/2 I = v · vI 
(14) V 2 A = V(V ·A) - V x V x A 

(15) v )( v J ... 0 

(16) V · V x A= 0 

Jr e1, e2, e3 are or~hononnal unit vectonc, a second-order tensor T can be 
wri~ten in the dyadic form 

(17) T= L:,,J TtJe,e; 

In cartesian ·coordinates the divergence of a tensor is a vector with components 

(18) (V· T), = E1<BTid8~;) 
(This de6nltlon is required for consistency with Eq. (29)J. In ceneral 

(19) 'il · (AB) = (V · A)B +(A· V)B 

(20) V ·(IT)= VI·T +!V·T 
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