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Period T

T=2p/w



velocity

acceleration

amplitude



Harmonic oscillation of a spring

a = d²x/dt²

F = - kx

ma + kx =0

m d²x/dt² + k x = 0

d²x/dt²  +k/m x =  0

Ansatz: x(t)= x0 cos (wt)

d²x/dt²= -w² x

-w²x + k/m x =0  w² = k/m

Solution via differential equation

T=2p/w







w²=k/m

sin²a + cos² a =1

Potential energy of a spring,   x(t)

Kinetic energy of a spring   v(t) = w x(t)

Total energy of a spring





torque

torque

a=w² q

T=2p/w 

Other oscillators





Damping force

Ansatz:





A and B have to be zero, using A=0  or B=0 we get

Complete solution

For t >> 1/d

For d <>0 X = Xmax for w = we
For d =0   X=∞    Resonance !!!



divergence !!!
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Physics 1 for Nanoscience & Nanotechnology
Level of knowledge 2                                            06.11.19

1. Give the relation between angular velocity and trangential velocity ? Give a 
relation for kinetik energy for translation and for rotation ?                                                                                             

2. Give expression for angular force (torque)  and angular 
momentum. For which quantity yields the law of conservation ?. 

4. What characterized a „conservative force“ ?

Name :                           Matr nr.

3. Give the relation between Force and potential energy
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1. Give the relation between angular velocity and trangential velocity ? Gvie a 
relation for kinetik energy of translation and for rotation ?                                                                                             

2. Give expression for angular force (torque)  and angular 
momentum. For which quantity yields the law of conservation ?. 

Name :                           Matr nr.

V = w r K= ½ m v² K = ½ Q w²

conserved

3. Give the relation between Force and potential energy

4. What characterized a „conservative force“ ?



transversal and longitudinal wave

y=h(x,t)



Speed of travelling wave







Energy transport of a 
travelling wave

Ekin = Emax for y =0 
max speed, max kin energy

Epot = Emax for y =0
Max stretch, max elastic
potentianlenergie

Both Ekin and Epot are min at ym

(dK/dt)ave = ¼ µvw²ym²

Rate of energy
transmission



Wave equation

Ansatz : y= ym sin (wt - kx)

dy/dt = w ym cos (wt - kx)
d²y/dt² = -w² ym sin (wt - kx)
dy/dx = -k  ym cos (wt - kx)
d²y/dt² = -k²  ym sin (wt - kx)

-w² ym sin (wt - kx) = 1/v² (-k²  ym sin (wt - kx))
-w² = 1/v² (-k²)

v = l f 



Superposition of
waves



Interference





Standing waves

y1 (x,t)= ym sin (kx – wt) ;  y2 (x,t)= ym sin (kx + wt) 

sin a + sin b = 2 sin ½ (a+b) cos ½ (a-b)

y´(x,t)= 2ym sin (kx) cos(wt)



Phase change at 
reflection

node

antinode

Hard end Soft end



Harmonics





Resonance frequency of a pipe of length L

Corresponds to wave length l





Sound waves



Traveling sound waves

B=v² r  

w= vk





Each narrow slit is source of a speherical wave



DL





Single slit experiment



Multiple slit experiment



Interference of sound waves



Doppler effect






