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Determination of Refractive Index Gradient and Diffusion
Coefficient of Salt Solution From Laser Deflection Measurement
(10 points)

A. Measurement of Refractive Index Gradient of Salt Water Solution

(4.5 points)

uestion
Al.
(1.2 pts)

Al.

Answer

Deflactogram
of
Co=23g/150
mL

# of data = 20

Deflactogram
of
Co=28gr/300
mL

# of data = 20
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AL Deflactogram
of
Co =133 g/300
mL
A2. Table 1 of
(1.5 pts) i Silem) | E(em) | Zolem) | dfem) | Z{em) || Co=23g/150
1 0.05 11.55| 104+0. 1 |0.8+0.1 53401 mL
2 0.35 11.3
3 0.6 11.05 Optimum 7
| 4 0.9 10.85 and Zo
5 1 10.65
6 1.1 10.35
7 13| 1015 #data=20
8 1.4 6.85
9 1.45 9.7
10 1.5 9.45
11 1.6 9,25
12 1.5 8.95
13 1.4 8.65
14 1.2 8.35
15 1 8.05
16 0.8 7.75
17 0.7 7.55
18 0.5 7.25
19 0.3 6.95
20 0.2 6.65
[ 21 0.05 6.4
L A2, Table 1 of
l i & (em) | & (cm) Z, (cm) dicm) Z{em) Co=28g/150
1 0.05| 1165 10470 1 |08+01 | s3azo01 || ™ML
’ 2 0.25 11.4
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3 0.4 11.2 ] B Optimum Z
4 0.8 11 | and Zo
5 1] 1075 i
6 12 104 i # data =20
7| 14] 102
8 15| 10
9| 16 9.8 B
10 1.7 9.5
11| 175 9.25
12 1.7 8.95
13| 165 8.7 ]
| 14 15 8.4
15 1.25 8.05
16| 09 7.6
17 0.6 7.3
18| 04 7.05
19 0.25 6.75
20 0.05 6.3
A2. - Table 1 of
L | difem) | &ifem) Zo (cm) dfcm) Z(cm) Co=33g/150
1 0.05 116 | 104+0.1 [08+0.1 |[534z201 mL
L 2 | 015 11.4
3 | 035 114 L
4 0.65 10.85
| 5 1.1 10.6 ]
| 6 | 13 10.4
7 15 10.2 -
8 1.7 10
9 1.85 9.7 B
0] 2 9.5 i ]
11 21| 9.5 ]
12 | 2 9 ]
| 13 1.8 8.6 | B
| 14 1.5 8.3
|15 1.25 8.05
%] 1) 78 I S
17 0.75 7.45
18 | 055 7.15 i ]
19 0.4 6.8 |
| 20 0.2 | 6.4 I B
a4} 065 61| | .
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A3 B Table 2 of
(1.5 pts) i Yi(cm) | dn/dY Co=23g/150
1 1.85944 | 0.00117 ml.
2 | 1.81919 | 0.00819
3 1.77894 | 0.01404 # data = 20
4 1.74674 | 0.02106
5 1.71455 | 0.02340 |
6 1.66625 | 0.02574
7 1.63405 | 0.03043
8 1.58575 | 0.03277
9 | 1.56161 | 0.03394
10 1.52136 | 0.03511
11 1.48916 | 0.03745
12 1.44086 | 0.03511
13 1.39257 | 0.03277
14 | 1.34427 | 0.02809
15 1.29597 | 0.02340
| 16 | 1.24767 | 0.01872 |
| 17 1.21548 | 0.01638
18 1.16718 | 0.01170
19 1.11888 | 0.00702
20 1.07058 | 0.00468
21 1.03034 | 0.00117
L__ AS' o _4 TI T TV V1 | T T 1 LI B '-'_I_i LU L B L] T{_‘ o Pl()t Clll_/dY' VS Yi-_
| & "H .
1 r E Co=23g/150
50 - E mlL.
i - 4 .
40 ;ﬂ _f “Gaussian-Like”
— - @ . shape
[30] = =
=) - :\ 3
o o ® 4
X, 30 3 @ 3
> r @ .
2 : ' & 3
S 20f L ;
- ] 3
3 L E
10F 5 g
3 ® ® :
- - =
0':+||||!|;||i?xglll1:?!llilinellf:
0.0 1.0 2.0 3.0
y; (in cm)
A3 | o o . Table 2 of
Co=28g/150
Yi (cm dn/dY ' mL.

Experimental

-

1.87554

i

0.00117

]
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[ [ 2 1.83529 | 0.00585 | 4 data = 20

[ 3 1.80309 | 0.00936

4 | 1.77089 | 0.01872

' s 1.73065 | 0.02340 |

6 1.67430 | 0.02809

| 7 1.64210 | 0.03277

38 1.60990 | 0.03511

9 1.57770 | 0.03745

10 | 1.52941 | 0.03979
11 | 1.48916 | 0.04096
12 | 1.44086 | 0.03979
13 | 1.40061 | 0.03862
14 | 1.35232 | 0.03511
15 | 1.29597 | 0.02926
16 | 1.22352 | 0.02106
17 | 1.17523 | 0.01404
18 | 1.13498 | 0.00936
19 | 1.08668 | 0.00585 |
20 | 1.01424 | 0.00117

A3,
:' TTrryrvryT I TrirrrresT ] TrTTrTTrrTT I_ P]Ot dl]/(iy VSY
c 2 Co=28g/150
S0 4 mL.
g : | “Gaussian-Like”
40F - . ;
. - ﬁ. - shape
) = ® & _:
= : o E
x OF © . :
> = 4
e - . 3
5 20f At :
3 s E
10F viim E
- 2 ) E
O“:flxllllllllnxnxl|t||IljlllLL_1.4.‘i:“
0.0 1.0 2.0 3.0
y, (in cm) ;
A3. | __ . A - _ - Table 2 of —ﬁ
L Y. (em) !_qn/dw Co=33g/150
1 1.86749 | 0.00117 | mlL.
L2 | 1.83529 | 0.00351 |
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o 3 | 178699 000819 | # data =20
4 1.74674 | 0.01521
5 1.70650 | 0.02574 |
6 1.67430 | 0.03043 |
7 1.64210 | 0.03511
8 1.60990 | 0.03979
9 1.56161 | 0.04330
10 1.52941 | 0.04681
11 1.48916 | 0.04915
12 1.44891 | 0.04681 |
13 1.38452 | 0.04213 |
14 1.33622 | 0.03511
15 1.29597 | 0.02926
16 1.25572 | 0.02340
17 1.19938 | 0.01755
18 1.15108 | 0.01287
19 | 1.09473 | 0.00936 |
20 1.03034 | 0.00468
21 0.98204 | 06.06117 |
A3. a
Plotdn/dY vs Y
w_ll!ll[l!_ll}llll'l|i|lIl1‘[i!l|l*_
C i = Co=33g/150
50 ;’ e —; mL.
| = . 89 .
| : °®
[ 40 2 =
| oo = s o =
| o 5 ]
— o ]
x 30F & " E
. E @ E
i=) g e ]
— = : 3
5 20 =
- e 3
E e =
o e ]
10F T =
: o :
Ol:f'li1mllin:’|a"|1lleeillllnl.lnll‘;
| 0.0 1.0 2.0 3.0
y; (in cm)
vy o - . SR S ]

_(0.3 pts)

hfor23g/300mL=(1.5+£0.1)
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S =S
I hfor28g/300mL=(1.5+0.1) cm
‘ hfor33g/300mL= (1.54+0.1)  cm
B : Determination of Diffusion Coefficient (4.2 points)
| Question Answer - Marks
B1. Linear form of eq.(3)
(0.9 pts)
() =~ m(h=¥)? +C (b1.1)
Kl (Abscissa) | Absisca : (h — y)? (b1.2)
LN M . ﬂ e
@i | Ordinate:In (<) (b1.3)
1
HE Gradient: m = — (b1.4)
4Dt
EB (YYUIF) | constant: C = ln( 513)( JCL_)) (b1.5)
] dc 2\4 mDet
B2. -777 j o Table 3
(1.8 pts) i (h-vi)> | In{dn/dy) of
1 | 006592 | -3.86003 Co=23g
2 | 0.050423 -3.75467 /150 mL.
3 0.031065 |  -3.65936
4 0.020752 | -3.4923 | | 4 data =
5 0.00917 | -3.41819 10
6 0.005128 | -3.3831 |
7 0.000984 -3.3492 |
8 6.99E-07 | -3.28466
9 0.002414 | -3.3492
10 0.009493 | -3.41819 |
11 | 0.021237 | -3.57235
| 12 | 0.037646 | -3.75467
; 13 0.05872 | -3.97781 |
S . : T T ——
l Plot of
B2 | . [Table3 |
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L L I A LA 1 G N R U O R SELANLSL IS U LR B N T ERLE N I CU:23
0 T T T T T E a/150
3 ml
= z
= = #data=
S 3 0
£ :
A e T T e i e e s B p i L
0 20 40 60 80
2
y = [EVAN (h-yl)
EAR T DML D
Using linear regression of eq. (B1.1), we obtain
EHE | m (gradient) = —9.4 + 0.5 cm? s’
- Table 3
B2. i th-yi)? | Infdn/dy) | of
1 0.057912 |  -3.75467 | Co=28¢g
2 0.033968 | -3.57235 /150 mL
3 | 0023136 | -3.41819
4 0.014378 | -3.3492 - dntare
5 0.0076593 -3.28466 10
6 0.001553 | -3.22404
L7 6.99E-07 | -3.19505 |
8 0.002414 | -3.22404
9 0.007989 | -3.25389
10 | 0.018955 |  -3.3492 |
11 0.037646 -3.53152 |
12 | 0071007 | -3.86003 |
.13 | 0.099079 | -4.26549 |
Plot of
B2. Table 3
Co=28
g/150
mL
| # data =
10
|
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0 i||l|:=11||lrl|l||||A|l|,i]|l|rll:[§|1l]rl

Leap gt baiaatiaaa i dinsg

PR o A 8 ey 0 D T 1 S 0 i TR 0t 0 L ) S o 1 00V 1 o

0 20 40 60 &8
ERRCOERANELD  (hey)’

Using linear regression of eq. (B1.1), we obtain

fHZ | m (gradient) = —10.3 + 0.5 cm?2 !

0.001553 | -3.06152 |
6.996-07 | -3.01273
0.001688 | -3.06152 |
0.011126 | -3.16688 |
| 10 | 0.023647 -3.3492 |
11 | 0.037646 | -3.53152
12 | 0.054884 | -3.75467 |
13 0.08446 | -4.04235 ,

[

- Table 3

B2. i | (hvi)2 | In(dn/dy) | of

1 0.046873 | -3.65936 Co=33g

2 0.033968 -3.4923 /1 50 mL

3 0.023136 -3.3492

4 0.014378 | -3.22404 # data =

5 | 0005128 | -3.13948 | i

6

7

8

9
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BZ' _7_‘1 TTTJTTTTT I LIRLLE LN ] TTTTJFT j'l Trrrrrrr ] TT1_] pEt Of
OE Table 3
5 3 Co=33
BE 4 g/150
N . i ] mL
2 ;
T 4t ® 3
E i - :
E # data =
e - 10
:§|'|||I||||5[|||1|::1||1||{|w|:||||ll1=all||_
0 20 40 60 80
2 -1
ERRCOmERES & b (hy) (x107)
Using linear regression of eq. (B1.1), we obtain
ftEZx m (gradient) = —12.3 + 0.5 cm~ 5!
B3 Usiné eq. (B1.4), we obtain - N
(1.5 pts)

Deof 23g/150mL = (1.48 4 0.08) x 10-5 cm?/s

Deof 28g/ 150 mL = (1.36 +£ 0.05) x 10> cm?/s

D.of 33 g/ 150 mL = {1.13 + 0.09) x 10-°cm?/s

C. Determination of the rate change of the diffusion coefficient to

the change of salt solution concentrations (1.3 points)

Question

Answer

Marks
Plot De vs.

Co
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16 L
2 15F E
5 14t
© 13
X 12
g ME §
10-“%....11”.i.|..4“..!,...l..;.!..ui..-.lu..l-‘
0.14 0.16 0.18 0.20 0.22
Cy (grimL}

NERTOREAHFE D, BE/KOREICHT 2IEURROZRIE |
C1. Using linear regression we obtain ther ate change of diffusion
coefficient w.r.t the change of salt solution concentrations:

CI [ 2
-Z—CDE =(—4.6+1.4) x 10 5cm? mL gr~1s™1
(
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Student Code “ “ “ “

SEATIZW A ZRES B 12 X D EUROER b T v T 2 DES - kil Y —AD
oA (10 points)

A. PDL s v 7O Re:

1. Aot M) DRE(2.5 pt.)

5] £ 228 Marks

A1
0.1 pt. AN BRWGEDT AT A—2—0X¥aA 7Y MBo) i > J URANS
Vo ANOESOHETIXIDEZZLUEI< Z &,

Bo =" 4 086mrT

A2
115 pt. LEHEG ) O (7 < x < 16 mm)IZB VT, xIZHT 2RUGB % HIE L 42X

Vo XIFMEADHLNORD Z &, REHMICHERZHML V7 72 HI BRI
W, RO Tey MR RS 2k,

page 1 of 7
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Japan
A3 1
_ fom 1
075 Pt = 2n L aP
WD H RN R & B &
In(B)=InA—phz
e
_ Hom
B 2L
TH%, y=a+br DEMTEIRINT S &, a=—-11.765,b = —1.997 &7
Do HEoT, il p=—b=2025N5. TiUI, WK T ORI
BERS, SEHEHE (v < L) Tr2 KHMT B L Lk —HLTW3,
A4 ‘ ‘
0.5pt. | BAEDHIL M ERHEE L,
M =

page 2 of 7
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2. BRIE BRI L BiEE (&) (1.0 pt.)

i R Z Marks

A5 EX8mmDJ 7774 hOEHB/0.5 %2 lATF EX &k, TOROHEOFEL
01pt. || CWdmEXyy ZHELAEIW, (M7azZMd, ) kY b :H7bIZRINT
WEEBREMBENRI N, T7 774 NOBOAE% §ids 72 OIS E % 1
UAHT TR 230,

yo = 5] 2.2 mm

A6
0.8 pt. ASDFRRERNTTZ 7 7 A MOBOWALE y 2RER X,

A7
0.1 pt 75774 MIEAF D EDOREKIIMEE & Ko W80 ? —D@UR I W,

()FRRENE (i) HEEME (i) SR

page 3 of 7
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3. ISOOE | RV v L POIESE BILE(y)

AE2

5 EE] RE Marks
A.8
0.2 pt. [HB/0.5] ®Z'Z 77 A h&REX[=8mm
WZUZEDEREIETARIV, (REHRIEIZNIVEFE, FlZIEA <4
MmMICE®»HEETV) o IREOBEHERDEST V. IREBIFHEEETICHECK
NEXD. COHEODHRFERLLEZTO),. )
A9 \
0.8 pt. COREEHNT, 77771 bOMEER () 23HE LRIV,
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4. KEDQfE (Q) L =L DT 1A DHE (4.0 points)

AE2

5] R Marks
A.10
0.5pt. || BEEBORER 12 RDBBEN DS, YDEIITULD, MHALIETT %
W EMWTEEN, TOMIEEZ RN L,
A1 ‘
15pt, || BORI&#8mm CEEL. ¥ EXEAEBOHE M- T, MEHRHOHZ

Fhit £, TNTHOBIIH LT, BEOBERT & het k.
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Japan
A12 \
1.0pt. | ERORME py & PER o

fia =

B. PDLES v O AIFEE~ADN: A

5. PDL 5w FiiEE} (0.5 pt.)

i R Marks
B.1 EDERDEZEATZINT

0.2 pt. RLHMERENEEROKE20.9mmOBEFEAT.
B.2 BAEBIZOWT, IEStD ) 1 X - 787 (Ay) % 3HHE &,

0.3 pt.

6.PDL Sy JERIAUBEHE (2 pt.)

i fRZ Marks
B.3 ) o

0.5 pt. fMEZE Az &, XTVOEYF § BLUAVOREER N) OBBREZEI R X

W,
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B.4
125pt || FYVETOLEEIET, WEMNE Y577 1MoL kAL L OB
kD, TIMHAVOY Y FSEPRH LB IV,

B.5
0.25 pt, || HEOBEAZE(LL BT TR RISHAND DK, 7T 7 7 1 WS
7= MM T X 2 2 P HR IS E BB (RIS D > TIRBI

TEDTIEHRL) ZEREFE LV, TOAOIERERMEREIOOMHIZNL 5
yARNe
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