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Observation of high-order rainbow and measuring refractive index of liquid

SATO Makoto*

Combination of white LED light and a hanging droplet from a syringe gives an ideal rainbow observation of a single

raindrop. Bright spots of from the first order rainbow to 6th order are observed using a simple experimental set-up in an

ordinary bright room. Since angle of rainbow is very sensitive to refractive index of droplet liquid, observation of rainbow

angle is effective way to measure refractive index of liquid. Refractive index of water, oil and some solution are measured

with the 2nd order rainbow.
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Fig.1 Scattered light intensity against angle of elevation calcu-
lated for up to 10th rainbow in a water droplet (n = 1.33, 4 =
630 nm). Red line is for S wave and blue one for P wave.
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Fig.2 Model of the rainbow used in the calculation.
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Fig.3 Experimental set-up.
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Fig.4 Observation of the 1st and 2nd order rainbow
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Fig.5 Observation of the 5th and 6th order rainbow
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Fig.6 Observation of the 3rd and 4th order rainbow. 6=137.3
degree and 6,=138.7 degree.
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Fig.7 Order k dependence of scattered angle ¢ of rainbow. This
liner relation is approximately resulted by the fact that the incident
light beam position is very near the edge. White circles are possi-
ble scattered angles ¢ of the measured angles ¢ that are folded

between 0 and 7.
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Fig. 9 Calculated scattered light intensity of rainbow for liquid
droplet (n = 1.467 and 1.534, = 630 nm).
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Fig. 8 Rainbow observed with LD light (1= 625 nm)
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Fig. 10 Refractive index of liquid estimated from the angle of
the 2nd rainbow.

Table 1 Estimated refractive index of liquid

liquid 6 (°) & ®) n R
silicone oil 66.0 246.0 1.396 1.40
kerosen 73.9 253.9 1.432 1.45
salad oil 80.4 260.4 1.465 1.47
water 49.3 229.3 1.327 1.33




AL OBIER L AR ORI RAENDIGH (ki

1.50

145 | - .

= 140

1.35

)
e
1

1.30 1 1 1 1 1 1

Sucrose concentration /wt%

Fig. 11 Comparison of refractive index of sucrose aqueous solu-
tion measured by rainbow method (red dot) and total internal
reflection method (white circle).
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