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Esercizio 1

L vt ntrn  uso mtllo sro,  ro ntrno R1 = 3 m  ro strno R2 = 8 m,  rmpt
on un nst  r unorm ρ = 2× 10−4 C/m3. L supr strn  ollt  trr. Clolr:

1. l nst suprl  r prsnt sull supr ntrn  strn l uso mtllo; [3 punti]

2. l mpo lttrostto n tutto lo spzo  l potnzl l ntro l sstm; [5 punti]

3. l’nr lttrostt l sstm. [3 punti]

Esercizio 2

Un luno onuttor lnro vo  ro ntrno R1 = 10 m  ro strno R2 = 20 m,   prorso 
un orrnt I2 = 400 mA unormmnt strut sull szon l onuttor. Inoltr nl suo ss s trov un
lo rttlno prorso  orrnt I1 = 200 mA  sorr nl vrso opposto.

1. Dtrmnr l’sprsson l mpo mnto n tutto lo spzo. [5 punti]

2. Dtrmnr s  ov B = 0. [3 punti]

3. Rptr  lol s l orrnt I2, nv  ssr unorm sull szon, sorr solo sull supr strn
l lnro. [3 punti]

Esercizio 3

Un lun srr onuttr,  port un rsstnz R = 90 Ω, po su u l onuttor on rsstnz null,
ormno un trnolo rttnolo sosl om n ur. Il ruto  mmrso n un mpo mnto unorm
B = 40 mT ortoonl l pno l ruto. Inzlmnt s  x0 = 50 m. L srr vn po mss n moto on
vlot ostnt v = 5 m/s.

1. Clolr l usso l mpo mnto ttrvrso l ruto ll’stnt nzl. [2 punti]

2. Srvr l orrnt nott nl ruto n unzon  x  lolr l vlor nzl. (Surmnto: mostrr,
pr prm os,  l vlot on u vr x  dxdt =

√
2 v) [5 punti]

3. Clolr l lvoro tto pr muovr l srr ll poszon nzl no  x = 2x0. [4 punti]
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Soluzon l prmo srzo:

1. Sull supr ntrn  ro R1 ompr un r nott  sno opposto ll r ntrn Q ontnut
nll vt,  vl

Q = ρ
4

3
πR3

1 (1)

Pr l nst  r s  qun

σ1 =
−Q

4πR2
1

=
−ρR1

3
= −2× 10−6 C/m

2
(2)

L supr strn  r null n qunto ollt  trr.

σ2 = 0 (3)

2. Pr l smmtr sr, ll’ntrno ll vt (r < R1) l mpo lttro sr rl  unzon solo ll

stnz r l ntro: E⃗ = E(r)ûr. Possmo qun usr l torm  Guss prnno un supr sr 
ro r:

4πr2E(r) =
1

ϵ0
Qint(r) =

1

ϵ0
ρ
4

3
πr3 (4)

 qun

E(r < R1) =
ρr

3ϵ0
(5)

Sull supr R1 s  l r nott −Q, qun  stnz mor l r totl ntrn  pr  zro
(somm  Q  −Q nott). Allor l mpo lttro  smpr nullo:

E(r ≥ R1) = 0 (6)

Pr qunto rur l potnzl, possmo notr  V (R1) = 0 pr́ l uso mtllo  ollto  trr.
Allor s puo srvr

V (0) =

 R1

0

E⃗ · dr⃗ =

 R1

0

ρr

3ϵ0
dr =

ρR2
1

6ϵ0
= 3388 V (7)

4. L’nr lttrostt l sstm s puo lolr, om smpr, n u mo: ntrno l nst  nr
1
2 ϵ0E

2 n tutto lo spzo opppur 1
2ρV nl volum ll sr. Usno l prmo mtoo:

W =

 ∞

0

1

2
ϵ0E(r)2 4πr2 dr =

1

2
ϵ0

 R1

0

ρ2r2

9ϵ20
4πr2 dr =

2πρ2

9ϵ0

 R1

0

r4 dr =
2πρ2R5

1

45ϵ0
= 15× 10−5 J (8)
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Soluzon l sono srzo:

1. Dt l smmtr lnr, possmo ttur l lolo usno l torm  Ampr. L ln luno u s
su l rutzon  B⃗ srnno ronrnz ntrt sull’ss (r = 0).

Pr r < R1 l’un orrnt ontnt  I1  qun

B(r < R1) =
µ0I1
2πr

(9)

Pr R1 < r < R2 s v lolr l orrnt ontnt ovut l lnro vo.

Ic(R1 < r < R2) =

 r

R1

j 2πr′ dr′ (10)

ov l nst  orrnt 

j =
I2

π(R2
2 −R2

1)
(11)

Qun s ottn

Ic(R1 < r < R2) = I2
r2 −R2

1

R2
2 −R2

1

(12)

 l mpo prootto 

Bc(R1 < r < R2) =
µ0I2
2πr

r2 −R2
1

R2
2 −R2

1

(13)

Qusto v sommto l mpo prootto  I1, tnno onto pro l vrso opposto. In totl,

B(R1 < r < R2) =
µ0I1
2πr

− µ0I2
2πr

r2 −R2
1

R2
2 −R2

1

(14)

Inn pr r > R2 l orrnt ontnt  I1 − I2  qun s 

B(r > R2) =
µ0(I1 − I2)

2πr
(15)

2. B(r) puo nnullrs solo nl so R1 < r < R2. Imponno B = 0 nll’q. 14 s trov:

µ0I1
2πr

=
µ0I2
2πr

r2 −R2
1

R2
2 −R2

1

⇒ I1
I2

=
r2 −R2

1

R2
2 −R2

1

(16)

 nn s rv

r0 =


I1
I2

(R2
2 −R2

1) +R2
1 = 158 m (17)

3. S ron n moo nloo l punto 1. Pr r < R1  r > R2 l lolo  nto  vlono  rsultt ottnut
sopr. Pr R1 < r < R2 sompr l ontruto Bc. Qun n ntv

B(r < R2) =
µ0I1
2πr

(18)

B(r > R2) =
µ0(I1 − I2)

2πr
(19)

 l mpo non  m nullo.
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Soluzon l trzo srzo:

1. Il usso l mpo mnto ttrvrso l ruto  to l prootto

Φ = BS = B
x2

2
(20)

 ll’stnt nzl

Φ0 = B
x2
0

2
= 5× 10−3 W (21)

2. S nl tmpo t l srr prorr un trtto s n onl, x umnt  un trtto pr 
√
2 s. Qun l vlot

on u vr x  uul 
√
2 st =

√
2 v.

L m nott 

ε = −dΦ

dt
= − d

dt
(B

x2

2
) = −B

2
· 2xdx

dt
= −Bx

√
2 v (22)

L orrnt  qun n moulo:

i(x) = |ε|R =
B
√
2 v

R
x (23)

 sorr n snso orro rsptto ll ur. All’stnt nzl,

i0 =
B
√
2 v

R
x0 = 157 mA (24)

3. L potnz sps  Ri2 qun l lvoro 

W =


Ri2 dt =

 2x0

x0

Ri2
dx√
2 v

=
2B2vR√

2

 2x0

x0

x2 dx =
2B2v

R
√
2

7

3
x3
0 = 367× 10−5 J (25)
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