First Exam Solutions Bilkent University
Spring 2023 Phys 316

1.(a) § E-dl = —d/dt [B-dS = E - (2rRsinf) = b, - 7(Rsin )2 = E = b,aRsin0/2
Lenz Law: E = —E(ﬁ

(b) Torque on strip of width Rd9 is dr = (FQRsin 0)(Rd«9)(27rR sin ) /47 R?)

7= [dr = (byaQR?/4) [T sin®0dl = (b,aQR?/4) [*,(1 — 2®)dz = b,aQR?/3

2.(a) Inside: Uniform field = Uy, = (bow)?*(47R3/3) /2110
Outside: U,y = [ [(B?/24,)-27 sin Or2dfdr = (b OwR3/2) [ dr [ dO(4 cos® O+sin® 0)2m sin 0/ (2ru,)
= (27/2410) (b owRS/Q) (1/3R%) [} [42® + (1 — a®)]da = (27 /2p,) (bow/2)*(R?/3)(4) = (1/2)Uys
Utotar = (3/2)Usy, = Iimagw /2 with I,e, = 362(47TR3/3)/2,u0
(b) £ = ¢, x (E x B) The electric field exists only for r > R. Since E is in the # direction,
E x B = E(bywR3/2r%) sinf ¢ and { = e,rE(bwR?/2r3) sinf (—0) due to symmetry, we need
(. ={sind. Inserting F = Q/(4me,r?), we get £, = €,Q/(4me,) (bowR? /2r*) sin? §. Integrating,
L, = [2ridr [T 2rsinfd (, = (Q/2)(bowR?/2) [ dr [ sin® 0 /r2df
= (Q/2)(bowR?/2)(1/R) [1,(1 — 2?)dx = (Q/2)(bswR?/2)(4/3) (12w Rb,/2Qu,)
The last term is equal to 1 due to the definition of b,. Then, L, = 3b2(47R*/3)w/2p0 = wlpag

3. Vxézuj+ueaﬁ/0t:> ~V2B =V x (MO’-FME@/@IS)_)
—V?B = —(,ua—l—,ue(‘)/at)aB/at = k? = pew?+iwpo also take k2 = pe,w? and k = kr—+ik;
V x :—8B/at:>zk:><E iwB = E = (w/k)B

Assume all E;, Er and Ep in the same direction. H;, —Hpr and Hp will need to assumed in the
same direction. Boundary conditions for these tangential fields will yield:
E;+ Er=Er and Hy — Hgp = Hy = B; — Br = Br (p's are same in two media)

— (E[ — ER)(]{?/CU) = ET(]{IO/CU) — 2F; = (1 + kﬁo/k’)ET — FEr = 2E]/(]. + l{fo/k})

Average power incident at the boundary S; =Re E; x BI/Q,u =Re E;(kE;/w)*/2pn = (kr/2uw)|Ef|?
Average power transmitted at the boundary: Sy =Re Ep x Bi/2u =Re Ep(k,Er/w)*/2u

=Re 4(k,/2pw)|Er|? /|1 + ko/k|?
Ratio: ST/EI = 4(l€o/l€R)/|1 + ko/k’|2



