. Gravitati kraft i
PhVSl k I 7usa mmenfassu ng ravitationskra Mathematische Formeln
F; =G * M*Zm G = 6.6738 x 1071t m3kg~1s~2 Geom. Summe >} ah = ]].ij]
Andreas Biri, D-ITET 19.01.14 ’
Zentripetalkraft Kosinussatz a? = b2 4+ 2 — 2hccos o
1. Grundlagen F=m =+ v_z a= v_z Kugelvolumen V= %m’g
T r
Einheiten Kugeloberfliche A = 47r?
1] =1Nm = 1Ws = 1VC Relativer Fehler Physikalische Gesetze
1W=1 Nm/s = 1VA AR = WMessung - VVIst
1V=1W/A=1]J/C=1Nm/C Wise Kinetische Energie  Fyj, = %mvz
1Nn=1V/A=1 VV/A2 Torque / Moment )
1C=1A4s, 1F =1C/V =1As/V o F doe FxdF = (Rx? o+ B Potentielle Energie  Epot = mgh
1T =Vs/m2=1N/Am, 1H=10s t=rxf g dv=TxdF=(R-F)x(dg-E) , ‘
Berechnungen Spannenergie Epot = %‘mgzzz

Natiirliche Konstanten
1e=1.602+10"1°C:1C=6.24+10'8 ¢ Wiederstand Auftriebskraft F = pgV
m,=911x10"31kg g=981ms?

. I Federkraft F = —kx
£ = 8.854 10712 As/Vm ¢ = i) J=5 E=rxx] cderkra !
o =4m+ 10" m+Kkg+s™ 2+ A2 U= fE ds - R= % Gravitationskraft F=G=ly2
u = 1.66057 x 10727 kg . E U . ‘ I
1mol = 6.022 * 1023 Teilchen ii) I = ff] dA = ff; dA - R= ~ Zentripetalkraft F'=mwr =m-=
Induktivitat Mathematical formulae
Grundlegende Gesetze 1. B= pu+H \/1+—g§1+%g+0(82) . el
F dv d? x mit Durchflutungssatz ¢ Hds = [[] dA .
=m*xa=mx* —=m#*
dt d t? 2. (p:ﬂ'BdA 1T 2 =1-—e+0(&?) , eKk1
Y X R _ _ N*o
e(pz—;ex+l—)ey=—sm<pex+cosgoey 3. L= . 1 El—%s+gsz ’ . «1
Gleichmassige Beschleunigung Vit e
s=—at? v=axt Kapazitat exp(x) =1+x+x2+ .. , x<«K1
2
o . _D . _Q
Kinetische Energie ) 1. E= . mit Gauss [ E dA = o Gauss: ﬂde _ .UJ div(K) dr = f'UVK dr
EKl-nZEm‘Uzz U*Q 2. U:fEdS N RN N
0 Stokes:ngdszﬂ(VxB)ds
3. C=-= C P
U



Operators Coordinates Right- hand rule

"oz ) 1. Close around wire, thumb in I-direction -> Rest B-field
o f Cylindrical: f Js " r dodzdr
0 0 2. Lorentz: electron > Q= —e !
grad f vf Ao f
n
P . z2 2m 2
dsf Spherical: Jo o TPc0s6 dodfdr
T
) i 2 Equation of motion
da K3 — 03 K5
— — o o . «sin® x(t) =ag*t?> +vy*t+x
rot K VxK 3Ky — 0 Ky where we use < Y= esingsin ) ®) =4, ° 0
z=r1%*cos0

. N Wave equation
dl I’\z — f)g[\l q

. T* =54 - - - - - - fZCZ*sz
div . o Ko + O K S o o _ et
div K V- K NK1 + Ko +03K5 Vx(szB)ZV(pr)—VZ‘D, V2= A
div grad f Af 02f + 335 + 2f Heavyside / Dirac - function
Various x
Divergence Taylor series o(x) = f 6(x") dx'
14 14Fp  dF N
Cylindrical: div F = ( E)+ r do + iz had f n) (xo)
FO= ) e ) aim [669] = gy
| o oy dim|[ x ]
Spherical: dwF———(T E)+— eﬁ(sme F3)+rsin9d_(;0
af d*f
S = FO0) + = x0) 43 Tl e x4 Integrals
1 1
o _ar . N Small parameter: N = “+a
Cylindrical: VF = (Z_: r -l-% 2_: o+ (Z_: Z small parareler —[m o ik Vit at)
ar, 1ar L ar i) find small parameter: z K R > x = % K1l - x=0
spherical:  V F = f 4+ 0 5 0+ e a0 @ i) rewrite equation: F(z) -> F(x)

iii) Taylor -> first terms # 0
Laplace operator

2 2 Inverse
Lo 1d dF 1 d“F d?F
Cylindrical: AF ==— (r — —
rdr ar re de dz

b 41 d —b
A=(‘§ d)_’A _det(A)(—c a)

Spherical: AF=ii(r2£)+ 1 ( 9_) 1 d*F

r2dr dr 72 5inf df r2sin20 d ¢?
Rotation / Curl Scalar product : Ax B = |A||B]| cos ¢
cylindrical: Cross product : AxB= |A||B] sin ¢
1dF, dF, dE.  dF, 1/d dF,
—(2%2_ZTe ), (£ ik ) I . aw aw  dc
VaF < rdo dz)r+(dz dr)(p+r(dr(rF"’) d(p)z Erweitern: eg. F= - T @t a



2. EleCtromagnetism 2. Gauss’ Iaw Second law of electrostatics

d
Flux (« Durchfluss ») = —grad(®) = -V o 1D: E() = —— <p(x)
1e=1602* 10"°C , £ =8.85+x10"2F/m K . . . - 5 oo
d® =ExdA = |E|* |dé]| * cos6 Vx(-E)=-VxE=0
1. Coulomb’s law . .
Gauss’ law Q;n enclosed charge Poisson equation
Charge density Global form oS P
0 V+E =~ (Laplace: p=0)
= i 0
p= W ; Q= ﬂ-fp(x y,z) dxdydz f do = #E n dA= g—m
0
az o
o=~ 1 —=-2
dQ = pdV =p4nridr or dQ= ocdA= Adl ffEdA_fffV*Edr—fffdlv(E)dr & dx &
Coulomb’s force Local form Calculate field/potential from charge density
F aw_ 1 6t F B} 1 1Lpo>d: VEd=—pe
F12=—E=4n80* " * T, = (2 * Eq ff div(E)dT:gfff‘o(r)dT " 0
% v 2.9 > E: E = T (- integrate 1.)
Energy inside the field 5 div(ﬁ) — V«F = g% 3 Eo @ o= [E dr
b b
w=- fF ds = - fq *Eods Charged line For border problems with charge density given
a a
A Q
_ a q _Q,dQ E = . A=< ) i o
= yr— o *Q o, dU_47T£0r 2meEyT L 1.p,=0 - Laplace: AP = VP =——+ ..
Electric field , p
buslre feld 3. Electrostatic potential po #0 = Poisson: e =-
— 1 Q -
= dre * —|?2| *r Electrostatic potential ( must be continuous ) 2. Apply boundary conditions
0 , 3. Find E from @ with E = —V &
1 1
Zylinder : [E dA:g0 - E(r)—ZmE — J. ds 4-7r£0 [a_a 4.Q= ¢ [E ds —>C— ¢’1
a
Superposition principle Jﬂ- ](r) _Q % 1
' |7 — C4me,  [x? +y2
E _ZE' . E(r)— ™) *M 3,
tot ™ no- - dmey, |r—7'|3 Mostly: Assume 7, > oo ; independent from path!
n 174 )
E(x,y) = « —— 2 mitZentrum (%0, Y0) V=0(+q) - ¢(-q) = — JE ds

4'7T«‘—'0 ((x=x0)2+(y-y0)?)

E(x,y) = E(x,y) * (2/N2+9/V2)

a



Field behind a grid

2nnz

, R@) = Ayre a

Z()=
2mn

a : distance between wires, z: distance to grid

Polarisation vector p “oriented from —q to +q”

bl =q=*d

®(F) =

3
4dtey 7T

E() =

1 S o
4n£0r3*[ 2 *r—p]

Capacitance

Plate capacitor

& A
V=—fEds=E*d: xd — C:T

€o

Energy of a charged capacitor

Q
_ _Q _f 1 1 .
dW—qu—qu—> W=1VdQ = > C —2CV
0
Energy stored in the field E
U—1 E?
_E* Eo *
1 1
th=§ ffst*Ezd‘r:E fff p(r) &(r) dt
space Volume
or use Eye = Q* ¢

Thermal energy: Epr = kg *T , kg = 13810723 J/K

4. Dielectrics

k=14+X=1- — : dielectric constant

5 1 - — N
P=% _pl=p*d , b= qixdix Al
L
P=X=x Eo * E , X : susceptibility
- p q . . . .
E=Ey——, Ey = : field without dielectric
&o & A

—

- Ex(1+X)=E* k= E,

Displacement field D [D] = C/m?

—

D= so*(1+X)E= EO*K*E
VD = VSO*K*E= Pfree

Current density
=B ;1= fffd/f
A

Susceptibility X

w2 = Lez "plasma frequency"
Pgy *+ m,
n * e? wp
X(w)=——"""5=——
gy * My * @ w

Influenz: Ladung verteilt sich auf dem Leiter, s.d Ejgiter = 0

Dielektrikum: elektr. Isolator, welcher durch ein externes Feld

polarisiert werden kann

5. Magnetostatics

| =

AQ  V=xp
At~ At

Continuity equation

Lorentz’s force

F=q+(E+ 9xB)

Force on an element of a wire
dF = pAv*dfx§=I*dfx§

=/«tof]dA

Ampeére’s law

f§d§= Uo *

magnetic fields are closed:

Itot

$EdS=0=v+B

jf(vxﬁ_ Hoj)dS =0 > FxB= pj

Induction rule

Lenz’s rule

Bina is opposed to the applied B field

Magnetic field

of a wire

Laws of magnetostatics

*xB=0 ,
=Vx4 ,




Vector potential A

Vzﬁz—uo*] , VxA=B

o= 2o [

Magnetic moment u

2> Ho ixR
A=
47 R3

, gl =Ixaxb=1x3S5,

Law of Biot-Savart

B(7) = ﬂ;wqﬁ;ﬂpv

. = Ixey x ds
Forawire: B= — % .

41 Jwire |ry,|?

6. Magnetism in matter

a) Diamagnetism: material repelled by strong fields
b) Paramagnetism: material is attracted to B-field

c) Ferromagnetism: has hysteresis, saturates

Angular momentum L

Z=Fxﬁ Fxm+*v , |Z|=m*v*r

1 e L e S (spin)

=——%x—xL = —— spin
He 2 m Hs m p

Magnetization vector M

— N T V=T
M= (i) = * H , VXM= Jjepunden
fHdg: Ifree v  VXH= Jrree

B=poxH+ poxM=pox(A+X,)«H=pxH

7. Law of induction

o d - do
fEdS:VZ_EJ-BdS = E
x
— —>_ d -
VxE = _EB

Electrical generator

ff§d§=B*a*b*cos(9(t)) - V= jgﬁd§=

Inductance
= ffﬁd? = jgff dS :magnetic flux
b5
N @ T * m?
Op=Lxl —L=— [Ll=H=—
L d
Vind fEdsz——cb —L*al

Inductance of a solenoid

N N2 xS
Bin:.uo*T*I , Dy =N*S*xB = pg* ] * |
NZxS
L = Uty *m x : Luftspalt/Gap

Mutual inductance M

Ny * Ny *S

dl
@) _ 1
21* "oy Ho I

ind

do,

1
Vn(ld)_ Vin _ ~Nix dtm_ N

@) - -
VO Vo T g, A0 e

Energy stored in inductance
1 1 @2
Epot=EL*12=E—m=—fB*HdV

L
Epor _ 1 B
2

Density U= ———
ensity Volume

Hall-Effekt: ungleiche Ladungsverteilung
qlEl = q|vl|B]
J=—nevy, ,n Ladungsdichte ,v, drift velocity

E=p]=pxnevy

8. Maxwell’s equations

5., dp
vy =0
It ar

VxB j+ dE
= * — =
x Ho| J T & dt

Ampeére

. > dE
Displacement current: J, = &

Faraday
ViE= -2
EE T w
Gauss
VE=L
€o
Equations in matter
VD= p , VBE=0
pxi= 4B geioji il
EE T =1 t
— - e — § —
D=¢E+ P , H=—-—-M
Ho

Wave vector k : E 1B 1k

Poynting vector S=ExH ( direction of energy flux )



9. Special relativity

Galilean transformation

x'=x—-—vxt vy =y ;z =z;t=t

Lorentz’s transformation

Lorentz contraction

L= Ly*1—1v?%/c?

to

J1—v?/c?

Langenkontraktion:

Zeitdilatation: t=

Relativistic frequency shift

J1+v/c
J1—=v/c

E > 0 : nearing each other ; ; < 0 :striding away

fr= fox

Addition of velocities

o 4 5

®) , ,©
1% * U
14+-A—+—

o =

Relativistic dynamics

my
mw) = J1—v?/c?
E=mxc?

Principle of Equivalency

inertial mass = gravitational mass

General relativity

f2=f1*[1_B ’

c?

Special relativity: T, =T, * 1/,/1 — v?/c?

1 1
Ad=-GCM (———) T >1
2 T

3. Quantum physics

10. The photon of Planck & Einstein

Blackbody spectrum

A heated cavity emits radiation that only depends on T

The photon of Einstein
E=hxf = h* w ,

h: 6.625%x1073% s

1
h*f— @, =§mv2 =eV forextracted e”

h
w=cxk, h =—

Blackbody radiation (3D) Py

E.(x,y,2z) = E,o * cos(k,x) sin(kyy) sin(k,z) ,E, = ..
Boundary condition: E,,E, =0 forx =10
T w

2
ke =nxT ky=mxT k, = 1T 5 = kE 4k + k?

Number of state: N (k < k) = 2 *%* (g T kd ) *

. . _ w? _d(N(K)

Density of state: D(w)dw = —— dw = =3
N, Mo
Boltzmann: N = e kT ,whereby N, /N, energy levels
1

. w? | )

Density of energy: U(w) dw = 55— —7~— dw
nec exp(ﬁ) -1

Power of radiation: [(w) dw = ¢ * U(w) dw c: speed of light

Johnson noise

V(ix,t) =V, *sin(k *x) k=n=*—

Number of states up to k: N(k) =

<V >2= 4RkTAf

Lasers

excited state n, < ground state n,

ny, = n, : By, (absorption)
n, - n, : A, (spontaneous emission) ,B,, (stimulated emission)

M2 _ ( gained) — (lost
T gained ) — (lost)

=1y U(f) Bz —ny Ay =1 U(f) By
dnsy
Steady state: e 0 ( use Boltzmann (Blackbody) )

8mhf3

C3B

A1 =BxhfxD(w) =

B:B21:Blz fOT'T—>00

11. Wave mechanics

21

De Broglie relations k == : de Broglie wavelength

N 21

momentum: p=~h'+*k =h'=« _ ,E wavevector

E=hxf=h'"xow , h' =1.054%10"3*s

1
Evidence of matter waves: E;, = Emvz = zp_m - p=+V2mE
Compton scattering h I
e \ o
ﬂ.z - ).1 = ( 1 —cos 9) MNP - |~ 1 - ).
mgy *C
Vg /P
e Y
Young’s double slit
Laufzeitunterschied: 6 =d=*sinf

. A
Constructive interference: sinf =n * E

d : distance between the two splits



Heisenberg’s uncertainty relation

AxAk =21 o AxA(h'k) =R

Position-momentum: Ax Ap =h

One cannot measure the position along one axis and the
corresponding momentum with high accuracy.

!

Time-energy: AE > % AtAE =h

distance to screen

- Young's double slit: Ax = 1 x — -
distance between splits

Bohr-Sommerfeld quantization condition

On a stable orbit: n * /1=L=n*27”

= fpds =nxh = mv *2nr

orbit

12. Quantum mechanics

The wavefunction Y (%, t)

complex function, represents amplitude of the matter wave at point (x,t)

Probability: p(%,t) d3r = |Y (£,0)]* d°r

lp (2,07 d°r=1

Particle must be somewhere: fffspace

r
x g a0 % e_i(ERy/hl)t

Hydrogen atom: Y(r,t) =

1
mad

Plane wave: ( %,t) = A el (K¥-0t) = 44 ' (

ST

> E
X—Ft)

Observables

Position operator
7= [[Jwaorzar= Y xpe
space

Momentum operator

~

p=—ixh xV
p*xY(x,t)=—ixh' *Vy (%,t)
Non-commutative: (XP; — P X) =[X,Dx]1=1iMh

Scalar product ..=0:orthogonal ;.. =1: linear

<oiv>= [[oGopEoar
space
Average value of an operator X
X=< 1/)|x:’|1/)>= ﬂ PY(x,t)x X x P (x,t)d%r
space

Schrédinger equation

ay p?
’—:H = —
dt k4 2m

ih

Hamiltonian (energy for a free particle)

2

p
H=—=h*w
2m
Harmonic oscillator
1 2 1 k
H=—m*v2+—*k*x2—p—+—*m*w2*x2 L= [—
2m 2 m
pZ 82
Hydrogen atom : H=—-
2m AT EQ T

Time-independent Schrodinger equation

Y (7,t)= ()X (1)

assume that H does not depend on time !

Separation of Var. :

Hx o(7)=Ex* @(7)

dX(t . .
i*h' dt()zE*X(t) > X)) =e EE et
hlZ , T .
E, = 7 kZ , k, = n*z , @n(x) = Apsin(k,x)
- C - —iE]/ *t
YO = ) g (e e L < pp>=1
=1

Quantum wells (QW)

hrz d2
<_%* W+V(x)) @) =E* ¢(x)

( d> 2m(E-V)

et ) e =0

Solutions must satisfy boundary conditions & be continuous!

)
J(x)

iy

1:[—00,—%];11:[—%,%] ;111:[%,00

[—

It @;(x) =By xeP* + By xe™#* N 2:’12;;

e 0y = A= e + Ay we i | o= [HEH

1l : =ByxeP  +Byxe P, p= |- 7
: @ (x) =By xefP* + By xe » P = -



Transmission through a barrier

:fc -5
] BE/ANE N
{
e ————— "l-..—»--——r- -—1 : s Bt — ,--——'3
Particle cannot “climb” barrier: E <V,

[: @ =A™ + A xe7ikx
II': @ =B, *eP* + By xe™P*

®;(0) = ¢;(0) ; Z’i )= QZIIX( )

- @lx,t) =4, * ellkx—wt) + A pi(-kx-wt)

> A A
\p A -"‘l" = ?\ / Bl
. h‘l ‘%’__'f)“_. Lt \'ﬁ,
4E(Vy—E
. (Vo —E) l
4E(V0—E)+V02*sinhz(,/Zm(Vo—E)*W)
4E(E-V,
T = ( o) (E > V)

4E(E—V0)+V02*sinz(,/Zm(E—VO)*%)

(E<Vy

Solution for quantum wells

1. Potential einzeichnen
2. Regionen mit V = const. Definieren

3. SGL fir einzelne Regionen |6sen

X = 0

4. Randbedingungen: keine Terme —— o
( da sonst nicht normierbar)

5. Randbedingungen erfiillt, s.d. kontinuierlich:

a) 91 (xg) = @3 (xo)

dpalxe) _ dp2(x0)
dx dx

b) fur endliche Potentiale:

6. Gleichung firk - k, ,E,

7. Vorfaktoren durch Normalisierung anpassen, s.d.

< y,p>= flu(x)l2 dx =1



4. Tabellen

L TT
i=V1l=e'2
tan’x = 1 + tan®x
sin?x +cos?x =1

cosh?x —sinh?x =1

cos(z) = cos(x) cosh(y) — isin(x) sinh(y)

sin(z) = sin(x) cosh(y) + i cos(x) sinh(y)

Additionstheoreme

sin (e £ 3) = sina cos 8 + cos asin 3
cos (a £ ) = cosacos 3 Fsinasin
tan a £+ tan 3
1 Ftanatan

tan (a £ ) =

Doppelter und halber Winkel

. . . g 1
sin2p = 2sinpcos p sin? f =—(1—cosy)
2 2
2 2 29 1 ,
cos2¢p = cos” p —sin” ¢ cos 5 = 5(1 — Cosp)
2tan o 4 1 —cosy
tan2p = —t tan? 2= —V
1 —tan“ e 2 14+ cose

Umformung einer Summe in ein Produkt

« o —
sin «w 4+ sin 8 = 2sin ;ﬁcos 25
. . a+pB . a—p
sina —sin 8 = 2cos sin
2 2
« a—
cos o + cos B = 2cos —gﬁcos 25
. a+f . a—p
cos — cos = —2sin 5 sin 5

Umformung eines Produkts in eine Summe

Grad | Rad siny | cose | tane
0° 0 0 1 0
300 | ir . 3| 3

a5 | x| 2| 2 1

60° | ir || L = V3
90° | ix 1 0

1200 | 27 || 2 | -3 | -Vv3
135° | 3x || 2 | -2 | 1
180° T 0 —1 0

2sinasin 8 = cos (a — ) — cos (a + B)
2cosacos 3 = cos(a— )+ cos(a+ )
2sina cos 3 =sin (o — ) + sin (o + )

Reihenentwicklungen
> I‘k
k=0
2 o0

log(l4+z)=z— 12

+
I
g
—
—
—
>
I
-
| =

k=1
1 (Mg = S (™)
(1+x) —1+(1)l-+ —Z(k).r.
k=0
3 i . w2kt
smr=x——+--- = (—1)f———
3! = (2k +1)!
x? i & 22k
coszr=1——+--- = (=1)"—
2! Pt (2k)!
23 oo 22k+1
rcte r=r — — . — _1k
arctanT = x 3 + Z( ) 1
k=0
- 1,3 oo IQL—-H
simhr =2+ —+.--- = —
3! P (2 +1)!
2 oo 2k
L x
Coshz’:l—i—g-l---- :Z !
k=0 "
23 oo p2k+1
artanhz =2+ — +--- =
e 3 LZ:% 2% + 1
Summe der ersten n-Zahlen
T .
. 1
Zk: 1424 tm n(n{—!— )
k=1 2
Geometrische Reihe
n
. 1 n+1
Z.I?L:1—|—:1‘.—|—---—|—;1?n: _l
=0 1—ux



Ableitungen

Potenz- und Exponentialfunktionen Trigonometrische Funktionen Hyperbolische Funktionen
f(x) f(x) Bedingung f(x) f(z) f(x) fi(z)
™ nan—1 n € Lxg sin cos T sinh « cosh x
™ nan—1 n €y, r#0 Cos T —sinw cosh x sinh x
. a—1 - an , 1
z® ar® ac€R x>0 tan x —o tanh x —aTa
log x 1 x>0 arcsin arsinh x L
z 1—=x :02+1
e® e® arccos T — arcosh z L
2 z2_1
a® a” - loga a >0 arctanr artanh x ﬁg‘
Stammfunktionen
f(x) F(z) Bedingung f(x) F(x) f(x) F(x)
zn %H.r"*l n€Zsp é log || sin (wt) sin (wt) % — w
™ nfrl zntl nele_g, v#0 tan x —log | cos x| sin (wt) cos (wt) 7C054(#
z° ﬁr“*l a€R,a# —1, x>0 | tanhz log (cosh x) sin (wt) sin (nwt) | 252 (“t’s""(zﬁ’fﬁ)‘ (wt) cos (nwt)
logz | rloge —x r >0 sin? x %(r —sinx cos x) sin (wt) cos (nwt) nsin (wt) sin (’1'?22-??; (wt) cos (nwt)
ed® %e” a0 cos? x %(1‘ + sinx cos x) cos (wt) sin (nwt) sin (wt) sin ("wjz:rf;;; (wt) cos (nwt)
a® l;;a a>0,a#1 tan? z tanx — x cos (wt) cos (nwt) sin (w?) cos (n“::()r_"ncgc)s (wt) sin (nwt)
Standard-Substitutionen
Integral Substitution Ableitung Bemerkung
[ f(z, 22 +1)dz x = tant dr=tan?t+ 1dt t€ Upeg (br — § k7 + §)
2
[ f(z, Vaxr +b)dz z=1 ‘;b dr = %tdt t>0
T, Vax r+c)dr x4+ 47 = dr =d , quadratische Erganzung
Var? +br +e)d + 2=t 1 1t t € R, quadratische Erg g
[ f(z, Va2 —22)dz xr =asint dr = acostdt —g<t< 31— sin? x = cos?

[ F(z, Va2 +a?)de
[z, Vo2 —a?)de

[ F(e®, sinha, coshz)dz

[ f(sinz, cosz) dx

x — asinht

x = acosht

@

y
Il

o

tan £ =1t

dr = acoshtdt
dr = asinhtdt
dr = % de

dr = %g dt

teR, 1+sinh? e = cosh?

t>0, cosh?r — 1 =sinh? =z

. 2
t >0, sinhx =

. 2
= - T _ 2t R e
Jt< g, sinx = Togr COST = 79

[CE]
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