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ρn = N/V

N = nNA M = Nm = nMmol NA = 6, 02·1023 mol−1

T =
p

pvesi
3

·273, 16 K

pV = nRT pV = NkBT

R ≈ 8, 31 J/Kmol kB ≈ 1, 38× 10−23 J/K

Esys = Emech +Eint = K +U +Eth +Echem +Enuc + ...

∆Esys = ∆Emech + ∆Eth

∆Esys = Q+W

dW = −p dV

W = −
∫ Vf

Vi

p dV

dV =0⇒W =0

W = −p
∫ Vf

Vi

dV = −p∆V

W = −nRT ln
Vf

Vi
= −nRT ln

Pi

Pf

Q = Mc∆T

∆Eth = Mc∆T

Q = nC∆T

Q = ±MLf Q = ±MLv

Qnet = Q1 +Q2 + . . .+QK = 0

Q = nCV∆T Q = nCP∆T

CP = CV +R

∆Eth = nCV∆T

W = nCV∆T

pV γ = VAKIO γ = CP/CV

TV γ−1 = VAKIO

H = kA
TH − TC

L

H = eσAT 4 σ ≈ 5, 67× 10−8 Wm−2K−4

Hnet = Hulos −Hsisn = eσA(T 4 − T 4
0 )

λ = v̄τ =
V/N

4
√

2π r2
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p =
1
3
N

V
mv2

rms vrms =
√

(v2)avg

ε = 1
2mv

2 εavg = 1
2mv

2
rms

εavg = 3
2kBT vrms =

√
3kBT/m

Eth = 3
2NkBT = 3

2nRT

dEth = nCV dT ⇒ CV = n−1dEth/dT = 3
2R

CV =
5
2
R CV =

7
2
R

Ws = −W

Wout = Qnet = QH −QC

η =
Wout

QH
= 1− QC

QH

K =
QC

Win
=

1
QH/QC − 1

ηCarnot = 1− TC

TH

T = 1/f v = λf

ω = 2π/T k = 2π/λ ⇒ v = λ/T = ω/k

D(x, t) = A sin(kx− ωt+ φ0)

D(x, t) = A sin(2πx/λ− 2πt/T + φ0)

D(x, t+ T ) = D(x, t)

D(x+ λ, t) = D(x, t)

D(x, t) = D(x− vt, 0)

D = D(x− vt)

φ = kx− ωt+ φ0

∆φ = φ2−φ1 = k(x2−x1) = 2π
∆x
λ

vlight = c = 299792458 m/s ≈ 3 · 108 m/s

v = c/n λ = λvacuum/n k = kvacuumn

I = P/a = Psource/4πr2

I = VAKIO×A2

β = 10 log10(I/I0) dB I0 = 10−12 W/m2

~Dnet(~r, t) = ~D1(~r, t) + ~D2(~r, t) + . . .

Dnet(~r, t) = D1(~r, t) +D2(~r, t) + . . .

2π∆x/λ+ ∆φ0 = 2πm, m ∈ Z

2π∆x/λ+ ∆φ0 = 2π (m+ 1
2 ), m ∈ Z

D = A sin[kxavg − ωt+ (φ0)avg]

A = 2a| cos 1
2∆φ|
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Di = a sin(kri − ωt+ φ0)

∆φ = 2π∆r/λ+ ∆φ0

2π∆r/λ+ ∆φ0 = 2πm

2π∆r/λ+ ∆φ0 = 2π (m+ 1
2 )

∆r=mλ ∆r=(m+ 1
2 )λ

D1 = a sin(k1x−ω1t+φ10) D2 = a sin(k2x−ω2t+φ20)

D(0, t) = a sinω1t+ a sinω2t = 2a cos(ωmodt) sin(ωavgt)

ωmod = 1
2 |ω1 − ω2| ωavg = 1

2 (ω1 + ω2).

θm ≈ sin θm = mλ/d

θ′m ≈ sin θ′m = (m+ 1/2)λ/d

ym ≈ Lmλ/d

y′m ≈ L(m+ 1/2)λ/d

Idouble = 4I1 cos2
(
π
d

λ
sin θ

)
≈ 4I1 cos2

( πd
λL

y
)

sin θm = mλ/d

sin θ = ±λ
a

θp ≈ sin θp = p
λ

a

sin θ1 ≈ 1, 22
λ

D

θr = θi

n1 sin θ1 = n2 sin θ2

θc = arcsin
n2

n1

n1

s
+
n2

s′
=
n2 − n1

R

1
s

+
1
s′

=
1
f

1
f

= (n− 1)
(

1
R1
− 1
R2

)

f = R/2

m = −s′/s

2d cos θm = mλ

Ephoton = hf = h̄ω

λ = h/p

Vesi
Ominaislämpö: 4190 J/kgK (neste), 2100 J/kgK (jää).
Höyrystymislämpö 2256 kJ/kg, sulamislämpö 334 kJ/kg.
Taitekerroin 1,33 (neste), 1.31 (jää).

Muuta
Lasin taitekerroin ≈ 3/2 ja veden ≈ 4/3.
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