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𝛿𝑋 = 𝑋 − 𝑋0 𝑋0 ∈ 〈𝑋 − Δ𝑋, 𝑋 + Δ𝑋〉 𝑇̅ =
𝑇1 + 𝑇2 + 𝑇3+. . . . . +𝑇𝑛

𝑛
 𝑠𝑇 = √ 

(𝑇1 − 𝑇̅)
2 + (𝑇2 − 𝑇̅)

2 +⋯+ (𝑇𝑛 − 𝑇̅)
2

𝑛 − 1
  

𝑠𝑇̅ =
𝑠𝑇

√ 𝑛 
 𝐹 = 𝑓(𝐴1, 𝐴2, … , 𝐴𝑚) Δ𝐹 = ±∑|

𝜕𝑓(𝐴1, 𝐴2, … , 𝐴𝑚)

𝜕𝐴𝑖
| ∙ |Δ𝐴𝑖|

𝑚

𝑖=1

 

𝐹 = 𝑐𝑜𝑛𝑠𝑡 ⋅ 𝐴𝑎 ⋅ 𝐵𝑏 ⋅ 𝐶𝑐 ⋅. . .. Δ𝐹 = ±𝐹 ⋅ [|𝑎 ⋅
Δ𝐴

𝐴
| + | 𝑏 ⋅

Δ𝐵

𝐵
| + |𝑐 ⋅

Δ𝐶

𝐶
|+. . . ] 

 

𝑦(𝑥, 𝑡) = 𝐴 ⋅ sin [𝜔 ⋅ (𝑡 −
𝑥

𝑣𝑓𝑎𝑙𝑖
)] = 𝐴 ⋅ sin [2 ⋅ 𝜋 ⋅ (

𝑡

𝑇
−

𝑥

𝑇 ⋅ 𝑣𝑓𝑎𝑙𝑖
)] = 𝐴 ⋅ sin [2 ⋅ π ⋅ (

𝑡

𝑇
−
𝑥

𝜆
)] = 𝐴 ⋅ sin(𝜔 ⋅ 𝑡 − 𝑘 ⋅ 𝑥) 

𝜔 =
2 ⋅ π

𝑇
 𝑘 =

2 ⋅ π

𝜆
 𝜆 = 𝑣 ⋅ 𝑇 𝐼 =

𝐸

𝑆 ⋅ Δ 𝑡
=
𝑃

𝑆
 𝐼 =

𝑃

4 ⋅ π ⋅ 𝑅2
 

𝑣𝑓𝑎𝑙𝑖 = √ 
𝐹𝑛
𝜇

 𝑣𝑓𝑎𝑙𝑖 = √ 
𝐵

𝜌
 𝑑 = 𝑛 ⋅ 𝜆 𝑑 = (2 ⋅ 𝑛 + 1) ⋅

𝜆

2
 𝑣 = 𝜆 ∙ 𝑓 

sin(𝛼)

sin(𝛽)
=
𝑣𝛼
𝑣𝛽
=
𝜆𝛼
𝜆𝛽
= 𝑐𝑜𝑛𝑠𝑡 

𝑣𝛼
𝜆𝛼
=
𝑣𝛽

𝜆𝛽
= 𝑓 = 𝑐𝑜𝑛𝑠𝑡 𝐿 = 10 ⋅ log (

𝐼

𝐼0
) 𝑓′ = 𝑓 ⋅

𝑣𝑑ź ± 𝑣𝑜𝑏
𝑣𝑑ź ∓ 𝑣ź𝑟

 

 

d𝑛

d𝑡
= −𝐷 ⋅ 𝑆 ⋅

d𝑐

d𝑥
 𝐷 =

𝑘 ⋅ 𝑇

6 ⋅ π ⋅ 𝑟 ⋅ 𝜂
 Δ𝑥2̅̅ ̅̅ ̅ = 2 ⋅ 𝐷 ⋅ 𝑡 𝑃 =

𝐷

d𝑥
 

d𝑛

d𝑡
= 𝑃 ⋅ 𝑆 ⋅ (𝑐1 − 𝑐2) 𝑐2 =

𝑐0
2
⋅ (1 − e−𝐶⋅𝐷⋅𝑡) 𝐶 =

2 ⋅ 𝐴

𝑉 ⋅ d𝑥
 ln (

𝑐0
𝑐0 − 2 ⋅ 𝑐2

) = 𝐶 ⋅ 𝐷 ⋅ 𝑡 

𝜋 = 𝑓 ∙ 𝑐𝑚 ⋅ 𝑅 ⋅ 𝑇 𝜇𝑖 = (
∂𝐺𝑖
∂𝑛𝑖
)
𝑇,𝑝, 𝑛𝑗 dla 𝑗≠𝑖

 𝐻 = 𝑈 + 𝑝 ⋅ 𝑉 𝐺 = 𝐻 − 𝑇 ⋅ 𝑆 𝐹 = 𝑈 − 𝑇 ⋅ 𝑆 

 

𝑊 = 𝜎 ⋅ Δ𝑆 𝜎 =
𝐹

𝑙
 𝜎 =

𝜌 ⋅ 𝑉 ⋅ 𝑔

2 ⋅ π ⋅ 𝑟 ⋅ 𝑛
 

𝜎

𝜎0
=
𝑛0 ⋅ 𝜌

𝑛 ⋅ 𝜌0
 𝜎 =

𝑟 ⋅ ℎ ⋅ 𝜌 ⋅ 𝑔

2 ⋅ cos(𝛼)
 Δ𝑝 =

2 ⋅ 𝜎

𝑅
 

 

𝐹 = 𝜂 ⋅ 𝑆 ⋅
Δ𝑣

Δ𝑥
 𝑅 = 6 ⋅ π ⋅ 𝑟 ⋅ 𝑣 ⋅ 𝜂 Δ𝑉 =

π ⋅ 𝑟4 ⋅ Δ𝑡

8 ⋅ 𝑙 ⋅ 𝜂
⋅ Δ𝑝 𝜂 =

2 ⋅ 𝑟2 ⋅ 𝑔 ⋅ (𝜌 − 𝜌c)

9 ⋅ 𝑣
 

𝜂𝑤ł =
𝜂

𝜂0
− 1 [ 𝜂 ] = lim

𝑐→0
(
𝜂𝑤ł
𝑐
) 

𝜂

𝜂0
= 1 + 2,5 ⋅ 𝛷 [ 𝜂 ] = 2,5 ⋅

𝑁𝐴
𝑀
⋅ 𝑣𝑐𝑧 

𝑟 = √ 
3 ⋅ 𝑀

10 ⋅ π ⋅ 𝑁𝐴
⋅ [ 𝜂 ] 

3

 
𝜂

𝜂0
=
𝑡

𝑡0
⋅
𝜌

𝜌0
 

𝜌

𝜌0
= 1 + 0,23 ⋅ 𝑐 𝛷 =

𝑉𝑠𝑟
𝑉𝑟

 

 

𝐸 = 𝐸𝑒𝑙 + 𝐸𝑜𝑠𝑐 + 𝐸𝑟𝑜𝑡  ℎ ⋅ 𝜈 = 𝐸2 − 𝐸1 = Δ𝐸𝑒𝑙 + Δ𝐸𝑜𝑠𝑐 + Δ𝐸𝑟𝑜𝑡 𝑃 = 𝑃0 ⋅ e−𝑘⋅𝑑  𝑘 = 𝑎𝜆 ⋅ 𝑐 

𝜏 =
𝑃

𝑃0
 𝜏 = e−𝑎𝜆⋅𝑐⋅𝑑  𝐴 = −log(𝜏) 𝐴 = 𝑎𝜆 ⋅ log(e) ∙ 𝑐 ∙ 𝑑 𝜀𝜆 = 𝑎𝜆 ⋅ log(e) 

 

𝑇 =
1

𝑓
 𝜔 =

2 ⋅ π

𝑇
 𝑥(𝑡) = 𝐴 ⋅ sin(𝜔 ⋅ 𝑡 + 𝜑) 𝑣(𝑡) = 𝐴 ⋅ 𝜔 ⋅ cos(𝜔 ⋅ 𝑡 + 𝜑) 

𝑎(𝑡) = −𝐴 ⋅ 𝜔2 ⋅ sin(𝜔 ⋅ 𝑡 + 𝜑) = −𝜔2 ⋅ 𝑥(𝑡) 𝐹𝑤𝑦𝑝(𝑡) = 𝑚 ⋅ 𝑎(𝑡) = −𝑚 ⋅ 𝐴 ⋅ 𝜔
2 ⋅ sin(𝜔 ⋅ 𝑡 + 𝜑) = − 𝑘⏟

𝑚⋅𝜔2

⋅ 𝑥(𝑡) 

𝐹𝑤𝑦𝑝(𝑡) = −𝑘 ⋅ 𝑥(𝑡) 
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𝜔 = √ 
𝑘

𝑚
 𝑇 = 2 ⋅ π ⋅ √ 

𝑚

𝑘
 𝑇 = 2 ⋅ π ⋅ √ 

ℓ

𝑔
 𝑇 = 2 ⋅ π ⋅ √ 

𝐼

𝑚 ⋅ 𝑔 ⋅ ℎ
 

𝐸𝐾𝑖𝑛𝑒𝑡𝑦𝑐𝑧𝑛𝑎 =
𝑚 ⋅ 𝑣2

2
=
𝑚

2
⋅ 𝐴2 ⋅ 𝜔2

⏟      
𝐸𝐾𝑖𝑛 𝑀𝑎𝑘𝑠

⋅ cos2(𝜔 ⋅ 𝑡 + 𝜑) 𝐸𝑃𝑜𝑡𝑒𝑛𝑐𝑗𝑎𝑙𝑛𝑎 =
𝑚

2
⋅ 𝐴2 ⋅ 𝜔2

⏟      
𝐸𝑃𝑜𝑡 𝑀𝑎𝑘𝑠

⋅ sin2(𝜔 ⋅ 𝑡 + 𝜑) 

𝐴(𝑡) = 𝐴 ⋅ 𝑒−𝛿⋅𝑡  𝜔′ = √ 
𝑘

𝑚
− 𝛿2 𝜔𝑤𝑦𝑚 = 𝜔 𝑔 = 4 ⋅ π2 ⋅

ℓ

𝑇2
 

 

𝑝 =
𝐹

𝑆
 𝜌 =

𝑚

𝑉
 𝛾 =

𝑚 ⋅ 𝑔

𝑉
 𝑝 = 𝜌 ⋅ 𝑔 ⋅ ℎ 

𝐹𝑝𝑎𝑟𝑐𝑖𝑎 = 𝑝 ⋅ 𝑆 = 𝑆 ⋅ 𝜌 ⋅ 𝑔 ⋅ ℎ 𝐹𝑊𝑦𝑝𝑜𝑟𝑢 = 𝑉Zanurzonej Części ⋅ 𝜌𝐶𝑖𝑒𝑐𝑧𝑦 ⋅ 𝑔 

 

ℎ =
𝜆

𝑐 ⋅ 𝜌
 𝐶 = 𝑚 ⋅ 𝑐 𝛷 = 𝛷𝐾 +𝛷𝑅 +𝛷𝑃 + 𝛷𝑇 

𝛷K = 𝛼 ⋅ 𝑆 ⋅ (𝑇c − 𝑇o) 𝛷R = 𝜎 ⋅ 𝜀 ⋅ 𝑆 ⋅ (𝑇c
4 − 𝑇o

4) 𝛷P = 𝑘 ⋅ 𝑆 ⋅ (𝑝s − 𝑝o) 

𝛷T = −𝜆 ⋅ 𝑆 ⋅
Δ𝑇

Δ 𝑥
 𝐿(𝑇) = 𝐿 ⋅ (1 + 𝛼 ⋅ Δ𝑇) 𝛼 =

Δ 𝐿

𝐿 ⋅ Δ𝑇
 

 

𝑝 ∙ 𝑉 = 𝑛 ∙ 𝑅 ∙ 𝑇 𝑛 =
𝑚

𝑀
 𝛥 𝑈 = 𝑄↓ +𝑊↓ 𝑊↓ = −𝑝 ⋅ Δ𝑉 

𝑄 = 𝑚 ⋅ 𝑐𝑤ł ⋅ Δ𝑇 𝑐wł =
𝑄

𝑚 ⋅ Δ𝑇
 𝑄 = 𝑚 ⋅ 𝐶𝑓𝑎𝑧  

𝑅 = 𝑅1 + 𝑅2 
1

𝑅
=
1

𝑅1
+
1

𝑅2
 

U
R

I
 

l
R ρ

s
 

0s ε
C

d
 

Q
C

V
 

F
E

q
 𝑊 = 𝑞 ∙ 𝑈 

𝐹 = 𝑞(𝑣 × 𝐵) sinF B I l α  𝑃 = 𝑈 ⋅ 𝐼 𝑊 = 𝑈 ⋅ 𝐼 · 𝑡 

q
I

t
 𝐸𝑘 =

𝑚𝑣2

2
 𝐸𝑝 = 𝑚𝑔ℎ 𝑝𝑐 = 𝑝𝑠 +

1

2
𝜌𝑣2 = 𝑐𝑜𝑛𝑠𝑡. 

𝑝 = 𝑚 ∙ 𝑣 ∑𝑝𝑖 = 0

𝑖

 ∆𝐸 = 𝑊 𝑆1𝑣1 = 𝑆2𝑣2 = 𝑐𝑜𝑛𝑠𝑡. 

 

Wartości wybranych stałych fizycznych: 

Liczba Avogadro  .......................................  𝑁A = 6,02 ⋅ 10
23 1

mol
 Pi  .................................................................................................  π ≈ 3,14 

Stała gazowa  ...........................................................  𝑅 = 8,31
J

mol⋅K
 Stała Plancka . .................................................  ℎ = 6,63 ⋅ 10−34J ⋅ s 

Stała Boltzmanna . ...........................  𝑘B =
𝑅

𝑁A
= 1,38 ⋅ 10−23

J

K
 Prędkos c  s wiatła w pro z ni  ...............................  𝑐 = 3,00 ⋅ 108

m

s
 

Ładunek elektronu  .......................................  e = 1,60 ⋅ 10−19C Prędkos c  dz więku w powietrzu  ...............................  𝑣𝑑 = 331
m

s
 

Masa spoczynkowa elektronu  ...........  𝑚e = 9,11 ⋅ 10
−31kg Stała Stefana-Boltzmanna  ......................  𝜎 = 5,67 ⋅ 10−8

W

K4⋅m2
 

Stała Faradaya  ....................................  𝐹 = 𝑒 ⋅ 𝑁A = 96500
C

mol
 Stała Wiena  ...................................................  𝑏 = 2,90 ⋅ 10−3m ⋅ K 

Przyspieszenie ziemskie  ........................................  𝑔 = 9,81 
m

s2
  

Podstawa logarytmu naturalnego  ...........................  e ≈ 2,72 Progowe natęz enie dz więku dla 1 kHz  ..............  10−12 W/m2 

Przenikalnos c  magnetyczna pro z ni  .. 𝜇0 = 4 ⋅ π ⋅ 10
−7 T⋅m

A
 Progowe cis nienie akustyczne dla 1 kHz  ............... 2 ∙ 10−5 Pa 

Przenikalnos c  elektryczna pro z ni  .. 𝜀0 = 8,85 ⋅ 10
−12 C2

N⋅m2 Elektronowolt  .................................................  1 eV = 1,6 ⋅ 10−19 J 

 


