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Abstract—This paper presents the main characteristics of a
harmonic oscillator and the phenomenon of propagation of
oscillations in an elastic medium, as a wave, then establishes
connection between the oscillation emitted by the emitter and
the oscillation received by the receiver under the conditions of a
relative emitter — elastic medium — receiver movement.
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I. INTRODUCTION

e assume an elastic, homogeneous and isotropic

medium (M), in which a wave, emitted by an
emitter (E) and received by a receiver (R), propagates
with speed V.

The Doppler’s effect [2], [3] consists of the variation
of the frequency of a wave received by a receiver moving
relative to the emitter: the frequency increases if the
emitter and the receiver are getting closer, and it
decreases if they are getting farther.

The emitter, which is a harmonic oscillator, is defined
by the following parameters:

- vg- oscillation frequency is the number of complete
oscillations carried out in one second; it is measured in 1
rot/s=1Hz.

- Tg- the period is the time in which an oscillation is
completed, measured in (s);

- og- pulsation is the angular velocity of the radius
vector, measured in (rad./s);

- @- the phase angle at the center at a given time t;
measured in radians, (rad);

- @o- the initial phase, which represents the angle at
angle at the center at t=0, measured in radians, (rad).

y- the elongation is the distance, at a given time, from
the equilibrium position; measured in meters, (m).

A- amplitude — is the maximum distance (Ypay) from
the equilibrium position; measured in meters, (m).

- Vg- the movement speed of the emitter relative to the
environment, in the propagation direction of the wave
(m/s);

A harmonic oscillation is described by the law of
motion [1]:

y = Asin(ot+g;) (1)

The oscillation behavior results from the mutual
influence of two intrinsic properties of the physical
system, with opposing tendencies: the returning force
and the inertia.

The law of the oscillation velocity:
V= O)Acos(cot+ (Po) 2)

The returning force tries to bring the elongation to the
value zero, giving a velocity to the mobile component.
The higher the elongation is, the greater the returning
force.

The inertia opposes any variation of the speed, and
reaches its maximum when the speed is minimal.

If the oscillator moves in the oscillation direction (Oy)
with speed Vg, the law of motion and the oscillation
speed is:

y = Asin(et+g,) £ Vet 3)
V= (DACOS(O)t+ (Po) TV “)

In this case, the oscillations are not alternatively
symmetric:

Ymax =A% V- t ()

'y

Fig. 1. Pulsatory speed and elongation

a) if A= Vg t, the oscillations will be pulsating
(Fig.1).
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b) if A<Vg- t, the oscillation will be oscillatory
(Fig.2).

A
Y|v

A/

Fig. 2. Oscillatory speed and elongation

The receiver (observer) will receive the oscillation,
transmitted through the means of the wave, with the
following characteristics:

- vg- oscillation frequency;

- Tr- period;

- og- pulsation;

- Vr- the movement speed of the receiver relative to
the medium, in the direction of wave propagation;

Wave propagation, between the emitter and the
receiver, is defined by the parameters [7], [5]:

- A wavelength (distance of two consecutive
maximums of the wave) (m);

- T- period of the wave (duration of propagation of a
wavelength) (s);

- V- propagation speed of the wave in the considered
elastic medium (m/s);

- v- frequency of the wave (nr. of waves propagated in
one sec.) (Hz);

_hog

V:& =
T 2n

(6)

II. POSSIBLE SITUATIONS IN THE CASE OF THE RELATIVE
EMITTER-RECEIVER MOVEMENT

Depending on the size and the directions of vectors:
v, 175, VR the following cases are distinguished:

A) Depending on the velocities (module) Vg and Vg in
relation to V:

1) Ve, Vr< Vi
2) VE:VR: V,
3) VE,Vr> Vg
4) VE< V, VR>V;
5) VE>V, VR< V,

B) Depending on the direction and relative dimension
of the velocities: Vg, Vg:

a) Vg, Vg have the same direction as V:
1) Vi = Vg;
2) Vg > Vy; Approach (A);
3) Vg < Vg; Departure (D);

b) Vg, Vg have the opposite direction to V:
1) Ve = Vg;

2) Vg > Vi (D);
3) Ve<Vr (A);

¢) Vg —same direction with V; V —opposite to V:
1) VE= Vi (A);
2) Vg> Vi (A);
3) VE< Vr (A);

d) Vg —opposite to V; Vp —same as V:
1) Ve = Vg (D);
2) Vg > Vi (D);
3) Ve < Vi (D);

Depending on the relative speed of the emitter in
relation to the elastic medium, the propagation of waves
is done in three modes [4], [6]:

Vi < V, when the waves do not intersect.
V= V, when the waves are tangent, resulting a wave

front, which in the case of sound, is perceived as a bang:
(Fig.3).

Fig. 3. The emitter moves at the same speed
as the waves

V> V, when the waves intersect; the wave is not
periodic resulting in a compression area which
propagates with the speed specific to the elastic medium
(shockwave), (Fig.4).

E1 Ve E2 VY, R VR,
T

t1 t2 t

Fig. 4. The emitter moves with a higher speed
than the waves

Combining the cases discussed above, we obtain the
following possibilities.

Al, Ba): Vi, Vg < V; Vg, Vi have the same direction
as V (Fig. 5).

E1 Ve, Ez Vv, Ri1 VR, Rz
T T | 1
t1 t2 t’ t'2
Fig. 5. The emitter and receiver moves in the same direction
with the wave, having lower velocities.
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- the emitter starts to emit at time t; , while in point E,
and stops while in point E,; the emission duration is t=t,
—t;

- the reception begins at time t, while the receiver is
in point R and stops at té, while in point Ry; the duration
of reception is: t' =t — t7;

The number N of complete oscillations emitted by the
emitter in the emission period t is equal to the number of
received oscillations (nr. of wavelengths) in the reception

period t’. If N=1, then:

t=t,-,=T¢ (7
t'=t,-t,=Tx ®)
ve -Te=vg - Ty ©)
E,R
=t 1 10
1=ty (10)
: E,R
t,=t,+—=—2 11
2=ty (11)
T.=T +E2R2_E1Rl:-|— +R1R2_E1E2:
R E Vi E V;
=T +VR'TR'VE'TE
E v
or:
V, V,
T |1- B |=T|1- £ 12
(1) ] 12
From (9) and (12) we obtain:
V- Vg
Vo=V 13
RTVEV TV, (13)
or:
V-V,
T.=T, E 14
R EV-VR (14)

If Vx=0, we obtain the characteristics of the wave in
relation to the propagation medium:

vV=vg

Vv (15)

(16)

We suppose that in time Tg is the beginning of the
wave traverses the distance E;R. The wavelength in
relation to the propagation medium will be:

A=E,R=V-Tg - Vg T =T (V- V¢) (17

Depending on the relative velocities: Vg, Vg, we
obtain:

a.1) Vg=Vgr: VR=vVg;

a.2) Vg > Vi vg>vg —Approach (A);

a.3) Vg < Vg: vg<vg —Departure (D);

According to the above reasoning, we obtain the other
possibilities given by relative emitter — elastic medium —
receiver motion, according to Table I.

III. CONCLUSION

The main characteristics of the received harmonic
oscillation (frequency and period), depend on the
velocities: emitter, elastic medium, and receiver.

When the emitter moves in the wave propagation
direction the wavelength decreases, while in the case of
movement in the opposite direction, the wavelength
increases.

When the emitter approaches the receiver, the
frequency of the received oscillation increases, and the
period decreases, and vice versa: when the emitter and
receiver move away from each other, the frequency
drops, and the period grows;

If the speed of the emitter is lower than the wave
propagation speed, the wave fronts do not intersect;

If the emitter’s speed is equal to the wave propagation
speed, the wave fronts are tangent in the point where the
source is positioned; the wave does not have a periodic
character but transforms into a compression area named
shockwave, which propagates with the emitter’s speed.

If the speed of the emitter is greater than the
propagation speed of the wave, the wave-fronts intersect,
and are tangent inside of a cone.
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