
Objective

To study how the frequency of vibration of a tuning fork varies with an equal mass
clamped on each of its prongs (at a definite point near the prong tip), and hence to
determine the pair of unknown masses X similarly attached to the prongs.

The Stroboscope

The experiment will make use of a stroboscope (strobe) which is a simple electronic
device consisting of a discharge lamp which can be made to flash for a short duration
with a high intensity at highly regular intervals. The strobe enables the frequency of
a rotating or vibrating object to be measured without the need for any direct physical
contact with the moving object.

Caution: The strobe has a finite life time, specified in maximum number of flashes
obtainable. Do not leave it running idly when you are not using it.

Consider a particle rotating with uniform circular motion being illuminated by a strobe.
If the flash frequency is a multiple or sub-multiple of that of the motion, the particle
will appear stationary. It follows that the periodicity of the circular motion of the
particle can be determined by tuning the frequency of the light flash.

Suppose the frequency of rotation of the particle is xHz, and that of flashing is yHz.
Then, in the time interval of 1/y s between two successive flashes the particle would
have moved through an angle 2πx/y.

If y/x is an irrational number so that it cannot be expressed as a ratio of two integers,
then the particle would not appear stationary but would appear to rotate slowly in
the forward or backward direction depending on whether y/x is just slightly smaller
or larger than some rational number nearby.

If y/x = q/p where p and q are integers, then the strobe would flash q times for every
p complete cycles. Furthermore, if p and q have no common factors between them
(assumed throughout this write-up), then each flash would show a different position
of the particle. Thus the particle will exhibit q stationary positions under the strobe
flashlight.

If q becomes too large it might be difficult to count the number of stationary positions
displayed by the rotating particle.

The above theory applied to the rotating particle can be similarly applied to that of a
tuning fork vibrating in simple harmonic motion if we regard the vibrational motion as
equivalent to the motion of the projection of the rotating case, because the vibrating
object retraces the same path in the opposite direction every half cycle, there is a
chance, though very remote, that an image in one half of a vibration cycle coincides
with that in the next half cycle. It would result in only one image (but of double the
intensity) being recorded, instead of two. This freak coincidence should be guarded
against in an experimental observation.

Identification of Fundamental Synchronism

Fundamental synchronism is obtained when the lamp flashes once for every cycle of
rotation or vibration of the mechanism under observation, so that the object appears to
stop at one stationary position. However, it will be appreciated that a similar and indis-
tinguishable result will also occur when the flash frequency is a sub-multiple (1/2, 1/3,
1/4, etc) of the object movement frequency. Thus if the object movement frequency
is totally unknown, when adjusting for fundamental synchronism, a safe procedure is
to start at a high flash frequency, when multiple images are obtained, and then slowly
reduce the flash frequency until the first single image appears. This procedure should
be adopted in all measurements to check for fundamental synchronism.

Multiples of Fundamental Frequency

Multiples of fundamental frequency occur when the strobe is flashing at a higher rate
than the cyclical frequency of the object under observation. The converse when the
strobe flashing rate is lower than that of the moving object is referred to as sub-



multiples of fundamental frequency.

If the lamp is flashed at a frequency q times the rotational frequency of the particle,
multiple images can be seen. In such a situation, a rotating particle will appear
as several stationary images spaced equally around the circumference. Twice this
frequency, or q/p = 2, will produce two such images at π radians apart, and three
times this frequency, or q/p = 3, will yield three images at 2π/3 radians spacing, etc.
The particle rotational frequency is then given by the flash frequency divided by the
number of images seen. In general, if q > p > 1, then the strobe would flash q times for
every p cycles of the particle motion, and so there will still be q stationary positions.

Sub-multiples of Fundamental Frequency

Here, q/p is less than one. If the strobe frequency is exactly 1/p times that of the
object movement, where p > 1, then the object would have moved through p cycles for
every flash, and only one stationary image is seen. If p > q > 1, then the strobe would
have flashed q times for every p full cycles of the object movement, and the number of
stationary images seen would be q.

The Tuning Fork

A tuning fork is designed to vibrate at a fundamental frequency with no harmonics
after it is struck. The two prongs of the fork are symmetrical in every respect so that
they move in perfect anti-phase and exert, at any instant, equal and opposite forces
on the central holder. The net force on the holder is therefore always zero so that the
holder does not vibrate, and hence holding it firmly will not cause any undesirable
damping. For the same reason the prongs of a tuning fork cannot vibrate in like phase
as this will result in a finite oscillatory force on its holder which would cause the
vibration to dampen away very quickly.

It is possible to lower the fundamental frequency of the tuning fork by loading an
equal weight on each arm. The loading on the arms has to be symmetrical in order to
minimise damping of vibration.

For such a loaded tuning fork, the period T of vibration is given by:

T 2 = A(m+B)

where A is a constant depending on the size, shape and mechanical properties of the
tuning fork material and B a constant depending on the effective mass of each vibrating
arm.

Items of Apparatus provided:

1. A stroboscope with digital readout.

2. A mini-torch light.

3. A tuning fork with a 31.6 g weight loaded symmetrically on each prong and with
the centre-of-mass of the weight coinciding with the point P marked clearly on each
prong.

4. Two paper clamps with two detachable levers. The levers are used only to open the
clamps, and they should be removed when you are doing the experiment.

5. A pair of equal unknown masses X.

6. A series of the following known masses (in pairs): 5 g, 10 g, 15 g, 20 g, 25 g.

7. Regular graph papers (5 sheets).

Experimental Steps

Step 1: Fundamental synchronism and measurements of multiple frequencies (2.7
marks)

(a) Obtain fundamental synchronism between the strobe flash and the vibrating tuning
fork loaded with the original 31.6 g mass on each prong. By dislodging the mass



temporarily, check to make sure that the mass is pre-clamped with its centre-of-mass
located at the point P (which is marked on the prong but hidden by the mass). Record
its fundamental flash frequency.

(b) Keeping the flash frequency above the fundamental frequency, try to discover
as many readings of flash frequencies as possible which yield observable stationary im-
ages of the (31.6 g-loaded) tuning fork frequency. Identify their different q/p values.

(c) Tabulate your data (in the order of increasing q/p) as follow, keeping q/p as a
rational fraction:

Strobe Reading Number of Stationary Images q/p value

Plot a straight-line graph of all the observed strobe flash frequencies against the corre-
sponding multiple of the tuning fork frequency. Identify each data point on the graph
with its q/p value.

Step 2: Measurements of sub-multiple frequencies (2.3 marks)

(a) Keeping the strobe frequency below the fundamental frequency of the (31.6 g-
loaded) tuning fork, obtain readings of all observable strobe frequencies which yield
stationary images.

(b) Tabulate your readings as in question 1, but in the order of decreasing q/p, and plot
a straight-line graph of all the observed strobe frequencies against the corresponding
sub-multiple of the (31.6 g-loaded) tuning fork frequency. Identify each data point on
the graph with its q/p value.

Step 3: Determination of the pair of unknown masses X (5 marks)

(a) Remove the 31.6 g loading mass from each prong (which would also reveal the point
P marked on the prong) and obtain the resulting vibrational frequency of the unloaded
tuning fork.

(b) Next, obtain the vibrational frequencies of the tuning fork with each prong loaded
with known masses m of 5 g, 10 g, 15 g, 20 g and 25 g respectively. Ensure that in each
case the centre-of-mass of the load coincides with the point P. Note that the value of
m as labelled on the mass is the total mass of both the mass itself and that of the
given paper clamp (with both its levers removed) used to clamp it.

(c) Tabulate your results using your data obtained in (b) and plot a graph of T 2 against
m. Obtain the slope, and the intercept on the m-axis.

(d) Replace the known loading masses with the unknown masses X, and obtain the
vibrational frequency under this loading. Deduce X. Again, note that X also includes
the mass of the paper clamp (with both its levers removed).


