Longitudinal Doppler Effect ...

Sound:

Sound wave propagates with velocity v, through medium. Transmitter T’
and receiver R in motion with relative velocity v < v, toward each other.

Time interval: At.

Transmitter frequency: vr.

Number of cycles transmitted in At: Ny = vpAt.
Number of cycles received in At: Ng = vrAt.

(a) Transmitter at rest in medium:

Distance occupied by N cycles: NpA = v, At.
Wavelength in medium: \ = Vs _ Vet v

vr VR
: vs + v
Frequency at receiver: vp = — = vr(1 4 v/vg).

(b) Receiver at rest in medium:

Distance occupied by Np cycles: NpA = (v, — v)At.
Wavelength in medium: \ = s _ s

vr VR
. v vr V<L Vs
Frequency at receiver: vg = — = ———— ~" vp(1+v/v,).
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Light:

Transmitter 7" and receiver R in motion with relative velocity v toward each
other. Light wave propagates with velocity c relative to T" and relative to R.

Proper time interval measured in T-frame: Atp.
Aty

Dilated time interval measured in R-frame: Atp = ————.
V1—v?/c?
Frequency of transmitter: vyp.

Number of cycles transmitted in Atyr: Ny = vpAtyp.

Distance occupied by Nt cycles in T-frame: NpAp = cAtr.

At
Wavelength in T-frame: Ay = T _ ©
NT vr

Distance occupied by Np cycles in R-frame: NpAg = (¢ — v)Atg.

Wavelength in R-frame:
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Frequency in R-frame: vg = )\i =vr ¢/ 1 + U;c S vp(1+v/e)..
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