
resonance with the cavity, you can’t tell just by looking at
the reflected intensity whether the frequency needs to be in-
creased or decreased to bring it back onto resonance. The
derivative of the reflected intensity, however, is antisymmet-
ric about resonance. If we were to measure this derivative,
we would have an error signal that we can use to lock the
laser. Fortunately, this is not too hard to do: We can just vary
the frequency a little bit and see how the reflected beam
responds.
Above resonance, the derivative of the reflected intensity

with respect to laser frequency is positive. If we vary the
laser’s frequency sinusoidally over a small range, then the
reflected intensity will also vary sinusoidally, in phase with
the variation in frequency. !See Fig. 2."
Below resonance, this derivative is negative. Here the re-

flected intensity will vary 180° out of phase from the fre-
quency. On resonance the reflected intensity is at a mini-
mum, and a small frequency variation will produce no
change in the reflected intensity.
By comparing the variation in the reflected intensity with

the frequency variation we can tell which side of resonance
we are on. Once we have a measure of the derivative of the
reflected intensity with respect to frequency, we can feed this
measurement back to the laser to hold it on resonance. The
purpose of the Pound–Drever–Hall method is to do just this.
Figure 3 shows a basic setup. Here the frequency is modu-
lated with a Pockels cell,20 driven by some local oscillator.
The reflected beam is picked off with an optical isolator !a
polarizing beamsplitter and a quarter-wave plate makes a
good isolator" and sent into a photodetector, whose output is

compared with the local oscillator’s signal via a mixer. We
can think of a mixer as a device whose output is the product
of its inputs, so this output will contain signals at both dc !or
very low frequency" and twice the modulation frequency. It
is the low frequency signal that we are interested in, since
that is what will tell us the derivative of the reflected inten-
sity. A low-pass filter on the output of the mixer isolates this
low frequency signal, which then goes through a servo am-
plifier and into the tuning port on the laser, locking the laser
to the cavity.
The Faraday isolator shown in Fig. 3 keeps the reflected

beam from getting back into the laser and destabilizing it.
This isolator is not necessary for understanding the tech-
nique, but it is essential in a real system. In practice, the
small amount of reflected beam that gets through the optical
isolator is usually enough to destabilize the laser. Similarly,
the phase shifter is not essential in an ideal system but is
useful in practice to compensate for unequal delays in the
two signal paths. !In our example, it could just as easily go
between the local oscillator and the Pockels cell."
This conceptual model is really only valid if you are dith-

ering the laser frequency slowly. If you dither the frequency
too fast, the light resonating inside the cavity won’t have
time to completely build up or settle down, and the output
will not follow the curve shown in Fig. 2. However, the
technique still works at higher modulation frequencies, and
both the noise performance and bandwidth of the servo are
typically improved. Before we address a conceptual picture
that does apply to the high-frequency regime, we must estab-
lish a quantitative model.

Fig. 1. Transmission of a Fabry–Perot cavity vs frequency of the incident
light. This cavity has a fairly low finesse, about 12, to make the structure of
the transmission lines easy to see.

Fig. 2. The reflected light intensity from a Fabry–Perot cavity as a function
of laser frequency, near resonance. If you modulate the laser frequency, you
can tell which side of resonance you are on by how the reflected power
changes.

Fig. 3. The basic layout for locking a
cavity to a laser. Solid lines are optical
paths and dashed lines are signal paths.
The signal going to the laser controls
its frequency.
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