Task 1
List of symbols can be found on page 5.
a) 6 =90°+n180°

sing = +1
Vpax = WA|Sin 8| = wA|+1| = \/%A

1 2T m
b) T—?—;—ZTI I

Task 2

Force vs strain

0.05 0.055 0.06 0.065 0.07 0.075

Force [N]
N

-10
(Force) =410.84 N/m (Strain) - 31.502 N
-12
Strain of the spring [m)]

Spring constant:

k = 41084~
m

Length of the unstrained spring:

31.502 N
410.84 N/m

= 7.6677 ...cm



Task 3

List of symbols can be found on page 5.
x =Asinf = 4
2
sinf = 1
2

(sin@)? + (cos)? =1

cost9=ﬁ
2
w = 2nf

(1) |v] = |wAcos@| = |2nfAcosb| = |§2an| =+/3nfA
2
2) lal = |-w?Asing] = |ZL24| = 24(f)?

(3) %mvZ = %m(ﬁnﬂl)z = ;m(n'fA)2



Task 4

Mass of the Benji jumper

Height from the water that the jumper reaches

Height of the bridge from the water

Length of the unstretched rope

Length of the stretched rope when the jumperis at H
Length that the rope has stretched when the jumper is at H
Spring constant of the rope

Gravitational acceleration

Acceleration of the jumper at H

Formulas:

Energy stored in the stretched rope when height of the jumper is H
Gravitational potential energy lost by the jumper when moving
from Hyyigge to H

1
EkAllgope = mg(Hbridge —H)

Alrope = lrope - lrope,O
lrope = Hbridge —H

kAl ope —mg = ma

Solution

Spring constant:

Alrope = Hbridge —H - lrope,O

k = ng(Hbridge_H) _ ng(Hbridge_H)
- 2 - 2

Almpe (Hbridge_H_lrope,O)
Acceleration as the jumper starts to rise:

kAl ope —mg = ma

a= k("bridge_H_lrope,O) _
m

)

Mass of the jumper if H=0:
L k(H —H-1 2 = H —H
2 ( bridge rope,O) m.g( bridge )
L k(H —1 2 = mgH,
2 ( bridge rope,O) 9 Mpridge

2
_ k("bridge_lrope,o)
29Hpridge

Hbridge
lrope,o
lrope

Alrope

1
~kAlZpe

mg (H, bridge —

[kgl

[N/m]
[m/s?]
[m/s?]

H)



Task 5

Effective spring constant of the system of two springs and a mass
Spring constants of the two springs in the system

Steady acceleration of the car

Steady acceleration of the car in the sudden braking

Velocity during the sudden braking

Position of the object

Mass of the object

Initial velocity of the driver’s head towards the steering wheel

in the sudden braking

Distance between the steering wheel and the driver’s head before
the sudden braking

Time at which the sudden breaking starts

Time at which the drivers head hits the steering wheel

contact of driver’s head to the steering wheel

Time

Time it takes that the object reaches its peripheral position

from the opposite peripheral position

Formulas:
k = k1 + k2

v=ftt;a2dt=a2t+v0
ty 1 .9
D= vdt = ~a,t? + vt
0

T. =

T
p 2

When the car steadily accelerates:

F =ma; = kx

__ma; _ may
k kq+k;

When the car decelerates at the constant rate a,:

1
D = Eaztz + vot

170 = 0
1
D =—a2t2
2
_ 2D
= .

The object moves half a period of oscillation:

Ty=—=n |Z=n |2
p_Z_ k_ kq+ky

[N/m]
[N/m]
[m/s?]
[m/s?]
[m/s]
[m]
[ke]
[m/s]

[s]
[s]

[s]
[s]



Assignment 5
Harmonic oscillator theory review sheet:

Point-like mass

Spring constant

Displacement of the point-like mass from the unstrained position
Amplitude of oscillation

Period of oscillation

Force acting on the point-like mass

Acceleration of the point-like mass

Position of the point-like mass expressed as an angle
Angular velocity of the point-like mass

Velocity of the point-like mass

Time elapsed

Frequency of the oscillation

T
T fTa st
12 12
t=0 t=—
6 =90° 2 7T 11T
o o t=— =
6 =30° 6 =150 12t—3—T
6 = 6 = 180° T4

6 =210° 6 = 330°

x(t=0)=0 x(0=90°) =4
see solution of the differential equation
x =Asinf
v= % = wAcosb

d%x .
a=-—==—w?Asinb
dt?

— — |k — _1
0 = wt w—\/:n w = 2nf T—f

T 12

- TR e TR WA R XS

6 = 360°

[kgl
[N/m]
[m]

[m]

[s]

[N]
[m/s?]
[degrees]
[degrees/s]
[m/s]

[s]

[1/5]

system of coordinates




Solution of the differential equation

Constants in the general solution of the differential equation Cy,C,

Differential equation to be solved:
ma(t) = —kx(t)
Initial conditions:
x(t=0)=0
x(0=90°) =4

Rearrange:

ma+kx =0
a+ix=0
m
Ordinary homogeneous differential equation with constant coefficients

Characteristic polynomial

Form of the solution is

x:Clcos( t>+Czsin<\/£t>
m m

Initial condition x(t = 0) = 0:

BE

x(t =0) =Cycos(0) + C,sin(0)=C; =0
Initial condition x(8 = 90°) = A:
x(6 =90°) = C,sin90°=C, = A

Final solution:

X = Asin< f£t>
m
where fﬁ =w
m

[m]



