
Hallgatói segédlet fizika BSc záróvizsga felkészüléshez

a =
√
a2

1 + a2
2 + 2a1a2 cos(α2 − α1), tanα =

a1 sinα1 + a2 sinα2
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(1)
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, tan δ =
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t′ =
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γ =
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2
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l
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M (8)

χ = 3
1− 2µ

E
, G =

E

2(1 + µ)
(9)

pg = α

(
1

R1
+

1
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)
(10)

h =
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ρgr
(11)

I =
π
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1
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l
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R =
ρrv

η
(13)
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(
N

V

)2
)

(V −Nb) = NkT (14)
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(15)
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1
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(
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)
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(16)
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1

m

(
dH

dT

)
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∆T =
∆p
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(
2a′
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− b′

)
, (a = a′N2

A, b = b′NA) (18)

η =
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T1
(19)

dS =
dQrev

dT
=

dU + pdV

T
(20)

S = klnW (21)
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dT

dp
=
T (v2 − v1)

L
(22)

Tc =
8a

27bk
, pc =

a

27b2
, Vc = 3Nb (23)

ξ2 =
kT

3πηr
τ (24)

√
v2 =

√
3kT

µ
(25)

l̄ =
1

4
√

2πr2N
(26)

P (t) = UeffIeff(cosϕ− cos(2ωt− ϕ)) (27)

Uki,D(t) = U0 exp

[
− t
τ

]
(28)

Uki,I(t) = U0

(
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[
− t
τ
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IL =
1

L

∫
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(
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2

)
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IR+
Q

C
+ L

dI

dt
= 0 (32)

F =
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B =
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R =
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(35)

m∗
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dt

= −e ~E − r~vd (36)

m =
1

F

M

z
Q (37)

dq = τI
dT
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l (38)

∇× ~H = ~J +
∂ ~D

∂t
(39)

∇× ~E = −∂
~B

∂t
(40)

∇ · ~D = ρ (41)

∇ · ~B = 0 (42)

∇
(

1
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)
= − ∂

∂t

(
1

2

1
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1

2
ε0E

2

)
− ~E ~J (43)

N2(t) = N1(0)
λ1

λ2 − λ1

(
e−λ1t − e−λ2t

)
(44)

R = r0A
1/3 (45)
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E(Z,A) = −ebA+ eFA
2/3 + eC

Z2

A1/3
+ eA

(A− 2Z)2

A
+ eP δ

1

A3/4
(46)

Zmin =
A

2
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1 +A2/3
eC
4eA

 (47)

∂2Ψ

∂t2
= c2

(
∂2Ψ

∂x2
+
∂2Ψ

∂y2
+
∂2Ψ

∂z2

)
(48)

Ψ(x, t) = A · sin
[
ω
(
t− x

c

)
+ α

]
(49)

w =
1

2
ρA2ω2 +

1

2
ρA2ω2 cos

[
2ω
(
t− x

c

)
+ 2α

]
(50)

I = cw =
1

2
ρcA2ω2 (51)

∆E =
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s
· sin

[
ω
(
t− s

c

)
+
π

2

]
·K(χ) ·∆S (52)

Ψ(x, t) = 2A · cos

(
2π

λ
x+

α2 − α1

2

)
· sin

(
2π

T
t+

α2 + α1

2

)
(53)

f ′ =
(

1± v

c

)
f, f ′ =

f

1∓ v
c

(54)

sin θ =
v

c
(55)

Jθ ≈
π2(1 + cos2 θ)(n2 − 1)V 2

2r2λ4
J0 (56)

∆ =

∫
GAB

n(~r)ds (57)

n =

sin

(
δmin + ϕ

2

)
sin
(ϕ

2

) (58)

N = s

(
1

f
− 1

k

)
(59)

N =
∆ · s
f1 · f2

(60)

N =
f1

f2
(61)

J = J1 + J2 + 2
√
J1J2 · cos δ, δ = 2π

n · s1 − n · s2

λ
+ α2 − α1 (62)

l = c ·∆t ≈ λ2
0

∆λ
(63)

∆21 = 2dn cosβ = 2d

√
n2 − n2

0 sin2 α (64)

It =
I0

1 + F sin2 δ
2

, F =
4R

(1−R)2
(65)

x(v)
m =

(
m+

1

2

)
λ

2nθ
, x(s)

m = m
λ

2nθ
(66)

rm ≈
√
mλ

ab

a+ b
, fm = πλ

ab

a+ b
(67)

d sinα1 = 1, 22λ (68)
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r⊥ =
cosα− n · cosβ

cosα+ n · cosβ
(69)

t⊥ =
2 cosα

cosα+ n · cosβ
(70)

r‖ =
n · cosα− cosβ

n · cosα+ cosβ
(71)

t‖ =
2 cosα

n · cosα+ cosβ
(72)

x2

a2
+
y2

b2
− 2xy

ab
cos δ = sin2 δ (73)

u(ν, T ) =
8πhν3

c3
1

e
hν
kT − 1

(74)

∆λ = λC(1− cosϑ), λC =
h

mc
(75)

En = −mee
4

8h2ε2
0

1

n2
(76)

a0 =
h̄24πε0

e2m
(77)

α =
e2

2ε0hc
(78)

NF
i =

gi

Ae
Ei
kT + 1

(79)

NB
i =

gi

Ae
Ei
kT − 1

(80)

Ce−(T ) =
π2N1/3k2m

(3π2)2/3h̄2 T =
π2Nk2

2EF (0)
T (81)

~bi = 2π
~aj × ~ak

~ai · (~aj × ~ak)
(82)

V ′ =
8π3

V
(83)

ω2 = β

(
1

m
+

1

M

)
± β

√(
1

m
+

1

M

)2

− 4 sin2 ka

Mm
(84)

CEinstein = Nk

(
ΘE

T

)2
e

ΘE
T(

e
ΘE
T − 1

)2 , ΘE =
h̄ω

k
(85)

CDebye =
12π4Nk

5

(
T

Θ

)3

, Θ =
h̄ωmax
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(86)

m∗ =

(
1

h̄2

d2E(k)

dk2

)−1

(87)

EF(0) =
h̄2

2m
(3π2n)2/3 (88)

EF(T ) = EF(0)

[
1− π2

12

(
kT

EF(0)

)2
]

(89)
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χm =
µ0Nµ

B
= −µ0NZe

2

6m
< r2 > (90)

χm =
µ0nµ

2

3kT
(91)

µB =
eh̄

2m
(92)

~µ = −gµB ~J (93)

Hi = −gµB ~B0
~Si − J

∑
j′

~Si~Sj = −gµB ~Si

 ~B0 +
J

gµB

∑
j′

~Sj

 (94)

m∞ =
N

V

gµB
2

(95)

ε(ω) = ε′(ω) + iε′′(ω) (96)

µε′ = n2 − k2 (97)

µε′′ = 2nk (98)

ε′(ω) = 1 +
2

π
Pf

∫ ∞
0

sε′′(s)ds

s2 − ω2
(99)

ε′′(ω) = −2ω

π
Pf

∫ ∞
0

(ε′(s)− 1)ds

s2 − ω2
(100)

Ajk =
|p0
jk|2ω3

jk

3πε0h̄c3
(101)

Bjk =
2π2

3ε0h2
|p0
jk|2 (102)

dI =
hνjk
c

(NjBjk −NkBkj)Idx (103)

zR =
πw2

0

λ
; w(z) = w0

√
1 +

(
z

zR

)2

, R(z) = z

(
1 +

[zR
z

)2
]

(104)

f(t) = a0 +
∑
k=1

(ak cos kω0t+ bk sin kω0t) (105)

a0 =
1

T

∫ T

0

f(t)dt (106)

ak =
1

T

∫ T

0

f(t) cos kω0tdt (107)

bk =
1

T

∫ T

0

f(t) sin kω0tdt (108)

aI(ω) =
1

1 + jCRω
=

1

1 + j
ω

ωp

(109)

aD(ω) =

j
ω

ωp

1 + j
ω

ωp

(110)

tanϕI = − ω

ωp
(111)

ϕD =
π

2
− arctan

ω

ωp
(112)

φ = arctan
ω

ωz
− arctan

ω

ωp
(113)

ID = IS

(
e
U
UT − 1

)
, UT =

kT

e
(114)
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1

|𝑟 − �⃗�|
≈

1

𝑟
− �⃗�∇

1

𝑟
+

1

2
∑ 𝑦𝑖𝑦𝑗

𝜕2

𝜕𝑥𝑖𝜕𝑥𝑗

1

𝑟
𝑖,𝑗

 

Φ(𝑟) =
1

4𝜋휀0
(

𝑞

𝑟
+

�⃗� ∙ 𝑟

𝑟3
+

1

6
∑ 𝑄𝑖𝑗

𝜕2

𝜕𝑥𝑖𝜕𝑥𝑗

1

𝑟
𝑖,𝑗

) 

𝑄𝑖𝑗 = ∫ 𝜌(�⃗�)(3𝑦𝑖𝑦𝑗 − 𝑦2𝛿𝑖𝑗)𝑑3�⃗�
𝑉

 

A(𝑟) ≈  
𝜇0

4𝜋

�⃗⃗⃗� × 𝑟

𝑟3
 

�⃗⃗⃗� =
1

2
∫ �⃗� × 𝐽 𝑑3�⃗�

𝑉

 

�̅� =
𝜇0

4𝜋

3(�̅��̅�)�̅� − �̅�

𝑟3
 

𝛻 ̅�̅� = 0;  𝛻�̅� +
1

𝑐2
Φ̇ = 0 

Δ𝜓(�̅�, �̅�) + Κ2Ψ(�̅�, �̅�) =  −4𝜋𝑓(�̅�, �̅�) 

𝜓(�̅�, �̅�) = ∫ 𝑑3𝑥′𝑓(𝑥′, 𝜔)𝐺𝑘(�̅�, �̅�′)
V

 

𝐺𝐾
(±)(𝑅) =

1

𝑅
𝑒±𝑖Κ𝑅, �̅� = �̅� − �̅�′ 

ΔΨ(�̅�, 𝑡) =
1

𝑐2
Ψ̈(�̅�, 𝑡) = −4𝜋𝑓(�̅�, 𝑡) 

𝐺𝐾
(±)(�̅�, 𝑥 ′̅, 𝑡, 𝑡′) =

1

2𝜋𝑅
2𝜋𝛿 [𝑡 − (𝑡 ∓

𝑅

𝑐
)] 

Φ(�̅�, 𝑡) =
1

4𝜋𝜖0
∫ 𝑑3𝑥′

𝜌(�̅�′, 𝑡𝑟)

𝑅
 

�̅�(�̅�, 𝑡) =
𝜇0

4𝜋
∫ 𝑑3𝑥′

𝐽(̅�̅�′, 𝑡𝑟)

𝑅
  

𝑒𝑖𝜅𝑅

𝑅
=

𝑒𝑖𝜅𝑟

𝑟
−

𝑒𝑖𝜅𝑟

𝑟
[𝑖𝜅 −

1

𝑅
]

�̅� − �̅�′

𝑟
 + 𝜎(|𝑥 ′̅|2) 

(𝐴1
̅̅ ̅(�̅�, 𝑡) = −

𝜇0

4𝜋
𝑖𝜔�̅�1

𝑒𝑖(𝜅𝑟−𝜔𝑡)

𝑟
 ) 

(𝛷(�̅�, 𝑡) = (1 − 𝑖𝜅𝑟)Φ𝑑𝑖𝑝
𝑠𝑧𝑡 (�̅�)𝑒𝑖(𝜅𝑟−𝜔𝑡)) 

�̅�1 = {
𝜅2

4𝜋𝜖0

[(�̅�  × �̅�1) × �̅�]
1

𝑟
+ (1 − 𝑖𝜅𝑟)𝐸𝑑𝑖𝑝

𝑠𝑧𝑝} 𝑒𝑖(𝜅𝑟−𝜔𝑡) 



�̅�1 =
𝜇0

4𝜋
𝑖𝜔(1 − 𝑖𝜅𝑟)

𝑒𝑖(𝜅𝑟−𝜔𝑡)

𝑟2
 �̅�  × �̅�1 

𝑆̅ =
𝜇0

(4𝜋)2

𝜔4

4

1

𝑟2
cos2 [𝜔 (𝑡 −

𝑟

𝑐
)] 𝑝1

2 sin2 Θ�̅�  

𝑃 =
𝜇0

12𝜋

 𝜔4

𝑐
𝑝1

2  

𝑅𝑉
̅̅̅̅ (𝑡′) = 𝑅 −

�̅��̅�

𝑐
 

𝑅1
̅̅ ̅ = �̅� −

𝑅�̅�

𝑐
 

𝛷(�̅�, 𝑡) =
𝑞

4𝜋𝜖0

1

𝑅𝑣
 

𝐴1
̅̅ ̅(�̅�, 𝑡) =

𝑞

4𝜋𝜖0

1

𝑐2

𝑣

𝑅𝑣|𝑡𝑟𝑒𝑡

 

�̅� =
𝑞

4𝜋𝜖0
[
𝑅1

𝑅𝑣
3 (1 −

𝑣2

𝑐2
) +

1

𝑐2

1

𝑅𝑣
3 �̅� × (𝑅1 × �̅�)] 

�̅� =
1

𝑐

�̅� × �̅�

𝑅
  

𝑆||
̅̅ ̅ =

𝑞2

16𝜋2𝜖0 

𝑎2 sin2 Θ

𝑐3𝑅2
�̅� 

𝑃 =
𝑞2𝑎2

6𝜋𝜖0𝑐3 
 ; 𝑃 =  

𝑞2

6𝜋𝜖0𝑐3𝑚2 
[(

𝑑�̅�

𝑑𝜏
)

2

−
𝑣2

𝑐2
(

𝑑𝑝

𝑑𝜏
)

2

] 

 


