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Development of Glass-Beads Rainbow Experimental Apparatus

for Analyzing the Principle of Rainbow Formation
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Abstract : In this study, we developed an experimental apparatus to study the principle of rainbow
formation. The rainbow is formed through the dispersion, reflection, and refraction of light on water
droplets. However, the rainbow cannot be made from a single drop of water. Thus, we devised an
apparatus to observe the principle behind the rainbow formation caused by light rays on many water
drops. This we deemed would help students understand the formation of the rainbow. We used glass
beads as water drops to reproduce the rainbow phenomena. We also materialized the rainbow by
changing various variables such as the position of the observer and the height of the light source, etc.
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Figure 1. The path of a ray refracted in a water droplet
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Figure 2. Deflection angle as a function of incident angle
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Figure 5. Rainbow caused by sunlight parallel to the ground
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Table 1. Comparision for the maximum deflection angles by an water droplet and a glass-bead
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Figure 9. Height-adjusted glass-beads (a) and the image on the screen (b)

Figure 10. Glass-beads seen by an observer
(a) «a =26.8°, (b) a=25.9°, (c) a=25.4°

Figure 10(a)= Z7]0] A|HERNt SGoll $A] a=254° ~ 26.8° Alo]o] Qe &ESo] 77| 2
g g psol olzt Zhg Wb yel Ar) WAlZ  alo] wg widthe 2g DAY & Ak 5 A
ol 26.86° 7} === AX|AZ] &, WAAPE BE 0 =2 oA WA do] HEE|T o]} oAl
SolA I A Ple Y S e UMA] e mef @2 Ae4d WS WESH =Y, T 22
59 =0l Z2ASHY ¥ Aius UEH Zolth XoAE EetAo] dlo] #EEo] zolof mef M=z
=, WAAS EBX|Fog st YhEA|Zbo] 26.86° Q1 the Aol 950 ol RXPRE JEtHE AS A
AE0 oW ol x|gh 5719 flTtEe WA A=A & U "o
QIR 2 wr7hAM WS 1 9SS WENE £ gjojon, = AgoA AR 2APE @A AF FAE ol&
o] BHo| utg AR} BA wi BxJjol wria st SAAEL R zols 2SN 54 A
ool sigict. upivbA] WHo g Qs =ol2 29 e RIS A WES Fo A dIH
ZA5to] AW} g2l 1&o] o2 7S 7H7t 25.9° o sigste stustel 2ol 574 A29 =9
o} 25.4° 2 =& Figure 10(b)et (c)oflAQt o] =2 Yoy, &9 Tdo] e EF2] X 5
DRIRPF ESE & 9l oajmzo] Mo zizk 2= 9otE U 2¢Escl 2o FAU HE e
A3} mebA wo] Lperi= 7S stolsk & ojoiry,  WHHE S ol 4 ot T8i shue] =l
a4 masedi] wEEs wo goapre  Ale EepHo] JHE /2, iAol g offE Zat
ora] wo] 39ANo] wH7bH &2 mabmiol upEs) Sy, FX7Re Ru= vHE JHAgA FolA =2A
2 o] o= olelo] Cie Alo] we was sr Bl JP A WM wo] spg mA 2EEAE
olct Sototal WA dlo] J1g flofl, 22l 2280l 2
8A .

Figure 112 Figure 10(a)~(c)2 2% w22 Ug} ddas ZX719] offlo] @& FdTthe AL o
o Zolch Wb A=Al mbde] wo| Y ge]  ME A AH
Tz YA AR oEcs Ae £



Al

Aol A=

=
L

]_

a
LI

1 l -~ G ol < B ol «<F D= = -
maqm;exeme%o m_w_n__ouiﬁ oavkoioﬂu%%%%vmowq_wc_el Ar%ﬁoqu_xﬂﬁuovﬂ% <
R AR i zr Hoﬂ__be_o o o o <E<F T T e =0 Mﬂ B s gy P L_LRﬂ e
E_e__oaxog.ﬂo%WoE_eam,_ fo o &° iemew w‘wﬁa_._,_m_. TER U KT T W e
L e T L I B e = I oo B R g B
1o o1 o T ® T o = < X o gl o o A H _u_l,lc__._._ ]UTLI,_NHLLI
T g <V @ Ko ‘_M K = = =D o T D oX il T e Mo K 10
J_A.oatnﬂ mﬂ__Oﬁmﬂmemdm EﬂLa7mEVq el o aUpHEU:_EmM:_EL_L_xe_ﬂHaL W
% o TT XTI @NSERE TN Ao PP W PO
Hﬂml_lneaomomo AT HE G ° Ba g R g OF 2B TPy ® s Ty
Y e I RCHE - S < T R oW S W E s T
0o TAT o= o o 2, & N REX o DM e s g N R =
R - T BT o “F2 lwaTheRw
.uAlO Homﬂv ~ N ..__L 1r_.c L_\_ 1o ~ _Il_ ‘lm_nﬂ .u_._._ ™o mﬂ [ — A T D_I _u_l .QE
ﬂmo.%meﬂﬂ_ﬂlaﬂmffagﬂqmﬂrﬂ@bﬂ_z o =R T P E +
N R I o REO= pRTMWET s
ﬂwwlw_mu_'&uﬂ__qﬂwﬂ%ﬂ@muﬂuEmﬁm_lﬁgegﬁmﬂﬁﬂ r _uTxoa_.]_L_/.LHIN_'mEUw@_Uu.ﬂ oF
RGO e S ot PO Mo o B = T dlo o : 20 5r 0T B 20 g B X .
— < o] L e =o K & X 4NN S g0 R° o X~ BE o _
K = ‘al] - o o~ = = o N~ = ﬂ_.m_._._ __A_l LUI =n =K O_.E _ITH,,HO,L|OH_O C_o,_ﬂu ~
T ook - ok X o T 4 T o K o+ o T T o X o F v
= I e mror K B o 4 ok ® o — 2 8 = o K
o (s) rhy ol © 2 o T < B ol %o T X ol B ~ L4
K g < s X - I e NI = o o
Wos Kmos = MR X o mp ooy — T ol e oo T 3o ) B
%ﬂ%%ﬂ%ﬂyﬁﬂ%%%w%MW#W%%%%; ﬂw_.w}uﬁ%%ﬂ%mﬂﬂ T
gt 5 o] K So=orAr T B X ! B,
P]oﬁﬂaﬂu‘_o‘_axo_ulo °© B = oL wr 4r T © ol T e =g L
D U o BT < oF _ o TN TR 0 K
O L =Ly e WK m M O TETT Ek}oﬂmﬂmﬂ:_eﬂﬂ%;ﬁ K i
q‘__ro]qn_u_u_lo_emlpﬂﬂollu._x_éeﬂ . Wk WK KO ot T
c._»xeﬂlm]}VMEHL T+ % JJ W T % %o o ok ok 5%
RO <ET BT R R B ™ e
_ MRUETHE THCT RS kTt
- _— ~ ol el el Jd o ool ﬂedluE%Vx,_,h = T 0 = ~a
e mINTRdETE BREtEEELe TS Pe® e REos¥EsY
=K =0 7To o K v o} ! ! LT — 3 . © u] ~ 5% ——
™ X° KP N oR K T s T T oF =~ e o) T Kk Mo
— . ] 1T i N N -
L_Lmﬂﬂw_.%mroﬂ#ﬂﬂﬂ ﬂ@m._ﬂ%%L_Lnﬂ%ﬁW:A_. Mwormo_,meet%ﬂr 2ﬂ&.ﬂ%ﬂﬂﬁmmﬂ
— (=] — — [
A wBad™ T Lo deRds _Fha RO ETEE W BT A §
R e By Wi B gy O o O RO =TT W TR S T i . - ©
ok ol o o s r B oo s> m = T X = K > g N o 50 of T
w oKy Ny N o= iy = T [ TS s
o oo © Mo o er = up — & N o= D = W or p X ed ok <} T K o i
W e s X A R T ~ oL, = 3o I oF o & 3
— T — of B4 nk LK ] i = K B L oln o g R s
=0 D O_n . J,DH._._mL K o._w_ O__u ]:._._ Hﬂﬂnﬂ,mlo ul ﬂﬂoJmﬁmﬁA_e ol
H 1__1_ ,_M_lmu_lA‘_._.__I_.: Ll‘._q‘_ﬁlJlo.A DT.uI,_ll”Hm_OHi.nlvﬂ_po _u_ln.nnu O_.E n__/H B O_ . __01_ P ﬂo ..O..M‘__I_I.A_l1_|,a|
- T ur G S T (s RUE sstrs o e
SRTaTORELNE wrIISEiNeny FHTrIR TIi oEach
= 2 — o S5 EIRCH ® ° 70 Rcaz
xwou__o%mﬂgoxeﬂ o ° 1mewm_x__l_.ﬂm.¢ﬁlmﬂ ol E%Pnﬂ% R = I Ll
D_.mﬂ% o}oo}E;eL_Lﬁmoo_e W%L_Lﬂ_.ﬂwqﬂ = T mﬂﬂo_mﬁﬁﬂ T = L
. ‘o T T 3o o X ™ R = Toll s %o S~ T - o K i Iy
o) — = ol B il o_én_AI7ﬂU.1__1_H.__ ol = To T K AN =0 . _._.liootn_T
e T T8 o oy = wn KN 2o = "o s ™ 55 oo ® g
TPy T T g Ul CIEVIC TR AR BTG o s
x%%%d%xx ﬂ_.mﬂnﬂ.%%ﬂﬁL_LuLWN %HLﬂu_L.wﬂmﬁ @ oar o T qu_qor%wtwﬂo%#%
— o 7 = = o 0 AL =, PT =~ B ool N APHT.W@ML_ W
e . D_._.: .uAlo D o _.:_E S ﬂ_l o ﬂE Jas __OO ..JA ,OI LIL H___A ,)AI Mﬂ K OM E_EL .7|_| _ *A.._ N LL larfe)
CR I e o A LRI T e TEE TR ML TN L M
M rw oF @ mMJ_Axgo;lo__o mﬂ}ﬂ o_anﬂupmﬂ%qouo Aquﬂeaoﬂoﬁ._ﬂme @on_olRﬂoEﬂojla
e e R LT RER T ER A LET
=R RSk T ST K i BT TETT A
< RO KT TS ol MR - had — = ‘ aap ol T oK ol oK B T S o
EWﬂ&oﬂﬁWogiom_xqﬂﬁ RO of B o0 «F &I oV o T Aoy T ol ol &

<
517

A o]
L
o

7R Qi

a2

=

R|7)et ol o

a

e

tol AR
bl Ratche @

o

[¢]

2

o

]

T

o]
315

=

=2

=

57

o

=
7+
=

Ny



FAH 48 Y 2ME Tt felqte RAH 2R T

References

Benson, H. (2018). University physics (pp.
834-835). New York, NY: Wiley.

Casini, G., & Covello, A. (2012). The “rainbow”
in the drop. American journal of Physics,
80, 1027-1034.

Huh, J. (2009). Experimental lesson development
for  Improving teachers’
scientific understanding of rainbow, halo,
corona (Unpublished doctoral dissertation).
Seoul National University, Seoul, Korea.

Hast, M. (2020). Children’s understanding of the
rainbow: A trajectory of conceptual
development across middle childhood.
FEURASIA Journal of Mathematics, Science
and Technology Education, 16(6), 1859.

Jho, H. (2018).
scientific inquiry presented in 2015 revised
national science curriculum: Focusing on
scientific Journal of
Research in Curriculum & Instruction,
223), 208-218.

Kim, H., & Lee, B. (2011). Analysis of
characteristics of gifted students in the
science gifted activity wusing rainbow.
Journal of Gifted/Talented Education, 21(1),
39-56.

Kim, K. (2011). Development and application of
inquiry modules for instruction for the
concept of straight propagation of light.

pre-service

An analysis of elements of

inquiry experiment.

Journal of Science Education, 352),
173-192.
Lee, 1. (2006). Analysis of the misconceptions

on Interference and diffraction of Ilight
with pre-service physics teachers
(Unpublished doctoral dissertation). Seoul
National University, Seoul, Korea.

Lee, J. (2014). Development and application of
peer instruction material for in-service
teachers’ training through ray drawing:

Focus on refraction of light. Jjournal of
Science Education, 38(1), 182-195.

Lee, ]. (2021). Analysis of elementary
pre-service teacher’s difficulties in
conceptual understanding and instructional
planning of light refraction. Journal of the
Korean Association for Science Education,
41(1), 11-18.

335

Ministry of Education [MOE]. (2015a). iZ}gkia} w7
Sy w8 7R F2015-745(F A 9) [The
science curriculum, proclamation of the
Ministry of Education No. 2015-74 (Annex
9)]. Sejong, Korea: Author. Retrieved from
https://ncic.go.kr

Ministry of Education [MOE]. (2015b). #l2<L &

= — o O

7l diE,7-g [Happiness education to
enjoy learning]. Sejong, Korea: Author.

Retrieved from https://ncic.go.kr

Paik, S., & Jung, Y. (2009). A case study of
elementary school teachers’ understanding
of '"light and image" and change of
perception related to learning contents.
Elementary  Science  Education,  283),
245-262.

Park, J.-H. (2017). The conceptions of light
refraction at the plane intersection of
elementary school students. Journal of
Fisheries and Marine Sciences FEducation,
295), 1575-1583.

Son. M. (2020). Development of experimental
apparatus for analyzing the principle of

the rainbow formation. Graduate School,

Kyungpook National University, Daegu,
Korea

Song. W. (2010). The analysis of middle
students’” conception on the arrows

represention reflection and refraction in
the light unit of science textbooks. Journal
of Science Education, 34(1), 72-83.

Walker, J. D. (1976). Multiple rainbows from
single drops of water and other liquids.
American Journal of Physics, 445),
421-433.

A A A H
&2 (Auatstn sty WA
_ (B St wApH ot
i1 s o=
wMpssty @it
=3 - (d=dste W)



