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LOINOI PAU

Gido trinh “Ky thudt do luong di¢n — dign ti” nhim cung cip cho hoc sinh
nhitng ki€n thiic co bdn vé phudng phdp va k§ thuit do ludng cdc dai lugng vat 1y;
phuong phdp va k§ thuat xdy dung mdt hé do tir don gidn dén phitc tap; xi 1y két
qui do ludng; khdo sit va thi€t k& ciac mach do dién, dién tir d€ do cdc dai lugng
dién; C4c thi€t bi quan sdt va ghi dang tin hiéu; Phuong phdp do cdc dai lugng khong
dién bing phuong phdp dién.

Tai li€u dugc chia lam 5 chuong:

Chuong 1. Téng quan vé k§y thuat do ludng
Chuong 2. Bo cédc dai lugng dién

Chuong 3. Quan sat va ghi dang tin hi€u
Chuong 4. Mdy tao s6ng do ludng.

Chuong 5. Po cédc dai lugng khong dién

Yéu cau ddi vdi hoc sinh sau khi hoc xong hoc phan: “ky thudt do luong dién
— dién t” phai bi€t sit dung thanh thao cdc dung cu do va thiét bi do dién tif quan
trong nhAt trong thuc nghiém vat ly. C6 dugc k¥ niing phan tich va thi€t k€ cdc mach
do don gidn, tir d6 c6 co s d€ phan tich va thi€t k& cdc mach do va cdc hé thong do
luGng phitic tap.

Gido trinh 1a tai liéu hoc tdp va tham khdo cho sinh vién vat Iy chuyén nganh
vatly ky thuat.

ba Lat 2002
TS. LUU THE VINH

Lueu Thé Vinh Khoa Vit Ly



Kij Thiiat Do Lediig Didie LPigioti=: e cbc & xemoinbi cictrang &

CHUONG I: TONG QUAN VE KY THUAT PO LUONG

§1. NHUNG KHAI NIEM CO BAN

1.1. Khdi niém vé do ludng:

Trong Vat Iy hoc, cdc dinh luat vat Iy phdn 4nh mdi quan hé mang tinh quy
luat giita cdc hién tugng clia ty nhién, chiing dudc bi€u dién biing cdc cong thifc todn
hoc thong qua cic dai lugng vat ly.

Céc dai lugng vat ly dic trung cho nhitng tinh chi't khic nhau clia cdc vat thé,
ciing nhu cdc hién tugng xay ra theo thdi gian. Viéc danh gia dinh lugng tinh chat cia
cdc vat thé (d6i tugng) nghién citu dudc thue hién biing cich do cdc dai lugng vatly.

Qua trinh do luong 1a mdt thyc nghiém vat 1y, thuc hién phép so sinh dai
lugng vat 1y d6 véi mot dai lugng cung loai chon lam don vi. Phép do d6i khi chi 1a
mdt thuc nghiém don gidn, nhung doi khi hét sitc phifc tap. K&t qua ctia phép do ludon
c6 thé bi€u dién dudi dang mot con sd v6i don vi kém theo. Phuong trinh clia phép do
c6 thé viét dudi dang (1.1)

A = 1.1)

~

Trong d6: X - Pai lugng do
Y - Bon vi do
A - Gi4 tri bing s0.
Hay: X = AY ; Gi4 tri dai lugng do sé& biing A 1an don vi do.
Nhu viy ta c6 thé dinh nghia:

Po mét dai luong vat Iy la qud trinh ddanh gid dinh lugng dai lugng do dé cé
két qud bdng sé so vdi don vi.

1.2. Bon vi, hé don vi do luGng.

Pé€ bi€u dién cac dai lugng vat Iy dudi dang mot con s6, phdi chon “cd” cho
né, nghia 12 lugng héa né, ta phdi chon don vi do. Vé mit nguyén tic, theo (1.1) ta c6
thé€ chon don vi 12 mdt lugng tiy y. Tuy nhién gi4 tri ctia né phai phit hop véi thuc t&
va tién 1gi khi st dung.

Nim 1832, nha todn hoc Ditc K. Gauss di chi ra ring, néu nhu chon 3 don vi
doc lap dé€ do chiéu dai (L), khoi lugng (M), thdi gian (T) - thi trén ¢o sG 3 dai lugng
nay nhd cdc dinh luat vat 1y, c6 thé thi€t 1ap dudc don vi do clia tit ci cdc dai ludng
vat Iy. Tap hop cdc don vi do theo nguyén tic Gauss da dua ra hgp thanh hé don vi
do.

Nhitng don vi do dudc chon mot cich doc 1ap va chiing thé hién nhitng tinh
chat cd bdn clia thé gidi vat chat (khdi lugng, thdi gian, dd dai,... ) dudc goi la nhitng
don vi cd ban. Cac don vi dugc thanh 14p trén cd sG cdc don vi ¢d ban nhd cdc cong
thitc bi€u dién cdc dinh luat vatly dugc goi la cdc don vi dan suit. Phan 16n cic don
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vi trong vat 1y 1a don vi din sudt. Phuong trinh biéu dién mdi lién hé giita cac don vi
din suat va cdc don vi cd bdn goi 1a cdng thitc thit nguyén. Pon vi ciia mdt dai lugng
cd bat ky c6 thé biéu dién qua phuong trinh thit nguyén (1.2)
dimX = LPMIT" (1.2)
(dim = dimension)
Vi du, thit nguyén clia van tdc¢ dugc bi€u dién qua cong thitc v = I/t

[v] = 1] Lo (1.3)

* He SI ( System International).

Niam 1960, Uy ban qudc t€ v& do ludng da chinh thic thong qua hé don vi
qudc t& SI. Trong hé SI c6 7 don vi co ban, 2 don vi bd trg, 27 don vi din suit

* Cac don vi coban la :

- Chiéu dai : mét (m)

- Khoi lugng : kilogram (kg)

- Thoi gian : gidy (s)

- Nhiét do : d0 kelvin (°K)

- Cudng do dong dién : Ampe (A)

- Cudng do siang : candela (nén) (Cd)

- Khdi lugng phan tif gam  : mol
* Hai don vi b6 trd 1a:

- Pon vi do géc phing : radian (rad)
- Pon vi do géc khoi : steradian (sr)

Ngoai hé SI (con goi 1a hé MKS hay hé mét), cic nudc Anh, M§ va mot s&
nudc néi ti€ng Anh diing phd bién hé UK .

§2. PHUONG PHAP THIET BI PO

Po ludng l1a qua trinh so sanh dai lugng do v4Si don vi. Phép do phai thuc hién
3 thao tac chinh:
- Bi€n d3i tin hiéu va tin tic
- So sdnh dai lugng do véi don vi (hay v6i miu)
- Chi bdo két qua
Thié't bi cho phép thuc hién qué trinh so sdnh dai lugng do vé6i don vi (hay véi
mau) goi 12 dung cu do. SO dd ciu tric cia mot dung cu do bao gdbm 3 khdi chifc
niing co bdn : mach do, cd cAu do va khdi chi thi (hinh 1-1).

MACH PO || COG CAUPO—®{ CHI THI

Hinh 1-1
Tuy thudc vao yéu ciu ky thuat ciing nhu c4ch thifc t6 chic cdc thiét bi do ma
ta c6 cac phuong phap do khic nhau. P€ c6 két qua bing s6 so v6i don vi, thi€t bi do
phai thuc hién mdt phép so sdnh. Néu viéc so sdnh véi don vi thong qua qud trinh
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khic do thi€t bi sé tao nén hé thdng do bi€n d6i thing. Néu 12 so sanh vdi miu hay
vdi dai lugng bu ta ¢6 hé thong do ki€u so sdnh hay ki€u bu. Trén hinh 1-2 1a bang

CAC HE
THONG bO
Hé thdng do Hé thong do
bi€n ddi thing so sdanh
)| .
[ 1 [
Vao ra cing Vao n chiéu Vao n chiéu
s6 chiéu ra 1 chiéu ra m chi€u
»
g 3 o S B = o] g
== =2 e . =) T g = 7
5 S = folla~ % T i, =g = = =
@ & 3 Q = \ 4 5 o Q wn Q o Q
=} =} 5 = O = =} o 3
8.0 Z 0 U;ml c = = o 03 S. 09 5 09
el e 5 = B e e
£z R = Q3. G 3. £ o o B & = =
0w & =N a8 ) S o 2. & SN SN
o o] g (5] § o] o] og O

phan loai cdc hé thong do ludng.

Hinh 1-2. Cdc hé théng do luong co bdn
Thiét bi do 12 mot hé thdng trong d6 dai lugng do 1a lugng vao, lugng ra 1a dai
lugng chi thi trén thang dd (thi€t bi do Analog - loai tdc dong lién tuc) hoic mdt con
s6 kém don vi do (thi€t bi do Digital - loai chi thi s6).

2.1. Hé théng do ki€u bi€n ddi thing.
Hé thong do bién d6i thing thuc hién theo nguyén tic (1.4)
Y = SX (1.4)
O day, X 1a lugng vao, qua cdc khau bi€n ddi trung gian thanh dai lugng ra Y,
con S 1a toan ti thé hién ciu tric cda thi€t bi do. N&u cac khau bién ddi 1a ndi tiép,
ta c6 thé bi€u dién (1.4) thanh:
Y =T, T, . T X (1.5)

Trong d6: T ,... T; 12 ham truyén dat clia tirng khdu bi€n ddi (hinh 1-3).

LS J S v S | T

Hinh 1-3

Ciin ctt vao véc td lugng vao va véc to lugng ra ta c6 cdc hé thong sau :
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2.1.1. Véc to luong vao va véc to luong ra cé cing sé chiéu (n).

Céc kénh bi€n d6i khong lién quan nhau (ma trin bi€n d6i S 1a chéo), ta c6 hé
thong do kénh bién d6i doc 1ap (hinh 1-4).

21.2. Véc to lugng vao n chiéu, véc to luong ra 1 chiéu.

Hé thong nay cho phép xdc dinh mot dai lugng c6 lién quan t6i nhiéu dai
luong vao theo mot quan hé xdc dinh, ta c6 hé thdng do ki€u gian ti€p (hinh 1-5).

SO S(n 1) Y
_» _» . :]
Xn Yn Xn
Hinh Hinh

2.1.3. Véc to lugng vao n chiéu, véc to lugng ra m chiéu.

Hé thong do 12 mot md hinh gidi mot hé phuong trinh. Ta ¢6 hé théng do hop
bd (hinh 1-6). Trong hé thong nay két qua do sé dugc dua ra cing mot lic véi nhau
khi gidi hé phuong trinh trén.

X|— o] Y,

(n,m)

Hinh

2.2. Hé théng do ki€u so sdnh.

Trong hé thong do ki€u so sdnh, dai lugng do X dugc bi€n d6i thanh dai lugng
trung gian Yy qua mot phép bién ddi T

Yy =TX
Sau d6 Yy dugdc so sdnh vdi dai bu Yk thuc hién thong qua mot mach trtr (hinh 1-7):
Yy—Yx =AY
Y
R x_¢
AY
SS —»
Y, *
Hinh 1-7

Cén ctt vao cédch thyc hi€n thao tdc so sdnh, ta c6 cdc phudong phap do khac
nhau:
- Phuong phdp so sdnh cin bing
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- Phuong phap so sdnh vi sai

- Phuong phdp ma hoéa thdi gian

- Phuong phdp mi héa tin s6 xung

- Phuong phdp ma héa sd xung

- Phuong phdp ma héa s6 xung ngudc

- Phuong phdp d€m xung

- Phuong phdp trung phung.

2.2.1 Phuong phdp so sanh cdn bang.

Trong phuong phdp nay, dai lugng vao so sdnh Yx = const, dai lugng bu Y =
const. Phép so sanh thuc hi€én AY = Yy — Yx =0, va Yx = Yk (hinh 1-8).

A

Yx Yk
Yx

AY

v

Yk

a) b)
Hinh 1-8

2.2.2.. Phuong phdp so sdnh vi sai.

Trong phudng phdp nay, dai lugng vao so sdnh Yx = const, dai lugng bu Y =
const. Do sai khéc giita 2 dai lugng rat nhd nhung AY = Yy — Yk # 0 (hinh 1-9).

Yx

AY Yx

AY#0

YK YK

v

Hinh 1-9

2.2.3. Phuong phdp ma hoa thoi gian.

Trong phuong phap nay thi Y, = const, con dai lugng bu Y 1a mdt lugng ti 1€
véi thdi gian: Yy = Yot.

Tai thdi di€m t, xdy ra cAnbing: Y, = Yot, = V..
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YX
ty =—% (1-6)
X YO

Nhu vay dai lugng do Y, da dugc bi€n ra khodng thdi gian t, . Phép so sdnh
thuc hién mot bo ngudng (hinh 1-10):

' 1 khi Y, -Y, >0
AY = Sign(Yx— Yk) = ) (1-7)
0 khi Y, =Y, <0

A ¥
K
Y. Y.
X AY X

Yx

v

a) b) x
Hinh 1-10

2.2.4. Phuong phdp md héa tin s xung.
Trong phudng phap nay dai lugng Yx ti 1€ v4i thoi gian va lugng vao X: Yx =
X t, con dai lugng bu Yx = Yy = const.

Ngudng so sanh:
AY = Slgl’l (Yx— Y[()

Lic can bing ta c6: Yx = X tx

Y
e
1 X
Ha LIS 18
y Ix T (1-8)
Nhu vay dai lugng do X dudc bién ddira tan s6 fx (hinh 1-11)

AY Yx

| —> Y=Y

a) b) tX
Hinh 1-11

Yk

v

2.2.5. Phuong phdp md héa sé xung.
Trong phuong phdp nay dai lugng Yx = const, con dai lugng bu Yx 1la mot
ham bac thang déu:
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Y, =Y, > 1(t-ir) (1-9)
0
Ngudng so sdnh cling c6 dang:
AY = Sign (Yx — Yx). (1-10)
Yx va Yk s& cin bang nhau sau n xung buéc nhdy (H. 1-12):
YX
n=-—* (1-11)
YO
A
Yx AY Yx
> —> l Yk
Yk v v, W -
T " ]
a) b)
Hinh 1-12

2.2.6. Phuong phdp ma héa sé xung nguoc.
Trong trudng hdp nay dai lugng bu Y = const, con lugng vao so sdnh dudc
bi€n d6i thanh mot ham bac thang:

Y, =Y, > 1(t-ir) (1-12)
0
Ngudng so sanh: AY = Sign (Yx— Yk).
Yx va Yx s€ cAn bing nhau sau n xung buGc nhdy:
Y
n=-—"= (1-13)
YO

2.2.7. Phuong phdp dém xung
Trong phuong phdp nay dai lugng vao so sanh c6 dang la mot day xung hep:

Y, =YOZn:§(t—iT) (1-14)
0

va Yk = Y, = const trong khodng thdi gian (¢;,1;). BO so sdnh 13 mot bd ngudng tdng
AY = Sign (Yy + Yx), ta c6 phuong phap dém xung hay phép so sinh khodng thdi gian
(t;, t;) v6i khodng thdi gian T (H. 1-13).

(1-15)
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Yx

v

AY

™~ L, YX t; 2] t
* L
t

a)

b)
Hinh 1-13

2.2.8. Phuong phdp trung phung.

Phuong phdp tring phiing thudng dugc ding d€ do cic khodng thdi gian nhd,
hoidc cdc khodng di chuyén nhd. Trong phuong phdp nay dai lugng vio so sinh 1a
mot day xung hep:

Y, =Y, > 6(t—iT}) (1-16)
0
Pai lugng bu cling c6 dang 1a mdt day xung hep:
Y, =Y, > 8(t—iT,) (1-17)
0

B so sanh 1a mdt bd ngudng t6ng AY =sign (Yx + Yk) (hinh 1-14). Thoi gian
lap lai trung phung dudc xac dinh tir hé thic:

T = (1-18)

Yx T,
Y.
x Ay L]
%_' Yx 72 t
i LLLLLELELL
t

a) b)
Hinh 1-14

[
»

$ 3. CHf THI KET QUA PO LUONG

K&t qua do ludng dugc thé hién trén bo phin chi thi clia dung cu do.
Tuy thudc vao co cAu do va nguyén 1y tidc dung cda thi€t bi do ma bo phan chi
thi dudc thé hién dudi dang tuong tu hoic dang so.
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3.1. Chi thi dang tuong tu.

Céc dung cu do tuong tu thudng biéu dién gid tri cia dai lugng do theo géc
1éch cta kim chi thi trén thang do. Viéc khic do thang do ctia dung cu phu thudc vao cd
cau do (xem bang 1-1) va phudng trinh dic tinh clia thang do tuong ng. Thang do 1a
déu n&u ham truyén dat thé hién dic tinh ciia thang do 13 tuyé&n tinh (d6i v6i hiu hét
céc thang dd do dién dp, do dong dién), va thang do6 khong déu n€u ham truyén dat
12 phi tuy€n (chang han thang d6 do dién tr§). Hién nay trong cic dung cu do co dién
thi co cau do tir dién dudc diing phd bi€n do nhitng vu di€ém ndi bat v& dd nhay va do
chinh xdc cao; thang do déu va tiéu thu ning lugng it. Co ciu tir dién dugc dung
trong cdc cau do, trong cdc dién thé k& chi thi khdng. K&t hgp vdi cdc mach chinh luu
va cdc mach dién it bS trg co cau tir dién duge ding nhu mdt cd cAu chi thi van ning.

SO @6 cau tric clia mot co cAu do tir dién dugc trinh bay trén hinh 1-15 a, b.
CAu tao clia cd cidu do dugc hinh thanh tir cdc chi ti€t chinh sau:

— Nam chdm vinh ctu 1 véi cuc tir 2 tao ra mot khe tir hinh tru;

Khung diy 4 quan trén 16i sit non 3;

— Kim chi thi 5 gin chit véi truc clia khung day c6 doi trong 6;

— Suntir 7 @€ diéu chinh mach tur.

Khi khung diay c¢6 dong dién chay qua, dudi tic dung cda tir trudng trong khe
1€n dong dién trong khung s€ phat sinh luc tir F va hinh thanh mémen quay:

M = BSWI (1-19)

Trong d6 B — dd 16n cdm ng tir trong khe; S — dién tich khung day; W — s&
vong day; I — cudng d§ dong di€n chay trong khung day.

Hinh 1-15. Co cdu do tir dién.
1— Nam chdm cinh citu; 2 — Cuc tit; 3 — Loi sdt non; 4 — Khung day;,
5 — Kim chi thi: 6 — Béi trong; 7 — Sun tix.

Du6i tac dung cia mémen quay M khung diy ¢ gin truc quay va kim chi thi
s€ l€ch di mot gbc a (xem hinh 1-15,b) dugc xac dinh tir hé thuc:
M= Mc=Ka
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Trong d6 M¢ 12 mdmen cdn; K 1a hé s6 phu thudc vao tinh chi't dan hoi clia 10
X0 xodn. Momen cdn phu thudc tuyén tinh vao géc léch phan dong. Khi cin bing
gitta mdmen quay va mémen can kim chi thi s& dirng lai & vi tri géc 1éch «:

Ka = BSWI (1-20)
Hay a = % = GI (1-21)

Trong d6 G dudc goi 1a dd nhay cla co cdu do. Cong thitc (1-21) cho thdy géc
léch o ti1é véi dong dién di vao co cAu do. Him truyén dat clia co ciu do 13 tuyén
tinh, do d6 dung cu sé& c6 thang do tuyén tinh.

Trong céc dién k€& tir dién, d€ ting dd nhay va dd chinh xdc cta phép do,
khung ddy phan dong 1 (xem hinh 1-16, a) dudc gin biing diy treo 2, géc léch phan
ddng dugc chi thi trén thang d6 bing 4nh sdng phdn chi€u trén guong 3 gin véi day
treo nhd mot hé thong quang hoc (hinh 1-16, b).

7 ug sa
? L?s? (] fyé’y
\

7>
[} ¢
1y
[
iy
1
Iy
I
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—_— i
\)N ! RN
I
3 L
{ 1
N
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a) b)

Hinh 1-16. Chi thi bang dnh sdng nho hé thong quang hoc

3.2. Chi thi dang so.

DPé& c6 thé dé dang doc két qua do ngudi ta da st dung cac bd chi thi sd d€ hién
thi k&t qua do ludng. C6 nhiéu cich khac nhau dé 8 chiic bd chi thi s6:

— Chi thi s6 dang co dién: dung dén neon hoic dén d6t tim d€ chi€u sing
mdt bang panel c6 khic cdc chit s6.

— Dung dén cathode lanh. Trong dén nay chita diy khi neon, c6 1 anode
chung va 10 cathode riéng ré. C4c cathode dugc udn thanh hinh cdc chit s6 4 rap tir 0
dén 9. Khi xuat hién dién 4p gitta anode va mdt cathode ndo d6 do bo gidi ma dua t6i
thi s€ xdy ra su phong dién giita ching va giy ra qua trinh ion héa do va cham. Céc
nguyén tif bi ion héa do mat electron nén tich dién duong va dudc dién trudng gia toc
chuyén dong vé phia cathode, khi d4p vio cathode chiing 1am phét xa ra cic electron
thit cap, cdc electron thif cAp nay lai ti€p tuc gy ion hda va tdi hop trd lai véi céc
ion duong. Qua trinh tdi hgp gidi phong ra ning lugng dudi dang dnh sing va quanh
cathode nao dugc kich hoat s& sang 1én hién hinh chit s6 tuong ¢ng. Cau tao cia mot
trong cdc loai d&én nay nhu trén hinh 1-17 va so dd mic mach chi thi bing mach ban
din chi ra trén hinh 1-18.
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Hinh 1-17. Cdu tao va ky hiéu dén hién s6 cathode lanh
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Hinh 1-18. Mach chi thi bang den cathode lanh

— B9 chi thi s& 12 mot hé thdng cdc khe chi€u sang. Mdi chit s§ dugc ciu tao
tir t6 hop cdc khe. Thong thudng hé thdng nay gdbm 7 hoic 9 khe. Khi cdc bd chi thi
cAn kich thudc 16n thi cdac khe niy dugc chi€u sdng nhd cdc dén dot tim hodc dén
neon (cdc b6 chi bdo gid va nhiét d6 tai cac noi cong cdng, chi thi quang bdo trén
cac bang panel I6n, v.v...).

— Vi cdc bo chi thi vira va nhd thudng ding cic diode quang (LED) dé chiéu
sang va thudng dugc ché tao cong nghiép dusi dang thuong phaAm. Ching han mot s&
bod chi thi s6 dung cdc dén LED 7 doan ho FND350, FND357, FND360, FND367
(hinh 1-19, a).

— P& chi thi ddu (+) va ddu (-) dung cdc dén ho FND501, FND531, FND541,
FND551, FND561(H. 1-19, b). Trén thi trudng c6 cé loai dén kép cho phép st dung
dé chi thi hai s trén mdt dén nhu ho FND6710, FND6740 (H. 1-19,¢).
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— B0 chi thi s6 ding dén tinh thé 16ng (Liquid Crystal Display - LCD) 7 doan
ciing bé trf twong tw nhu cdc bd chi thi LED 7 doan. O day mdi doan dugc thay bing
mot 6 tinh thé 1dng. Mit cit cda 6 tinh thé 16ng ki€u hiéu ng trudng duge minh hoa
trén hinh 1-20, a. Tinh thé 1dng dugc dit thanh 16p gifta 2 bé mit thdy tinh va cic
dién cuc trong sudt k&t tha & mit trong. Mot dién thé xoay chiéu dugc 4p vao giita
doan (d3 pht kim loai) cin hi€n thi v mit phong (Back Plane). Khi khong c6 hiéu
dién thé tic dong thi doan phd kim loai phan xa 4nh sing t6i, dong thdi do tinh thé
16ng trong sudt nén dnh sdng cling phdn xa t mit phong lam doan bi hoa I1in vao
nén phong, ta chi th'y toan mit cia bo hi€n thi mot mau sang bac yéu.
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S , PIN FND350/357/360/367
1 10 1 Common-Cathode
2 Segment F
2 9 3 Segment G
4 Segment E
8 5 Segment D
3 6 Common-Cathode
3 c 7 Decimal Point
sl o 7 8  Segment C
(A 9 Segment B
s {0 6 10 Segment A
a)
PIN END501/531/541/551/561
10 9 8 7 6 1 Minus
CooE o 2 Cathode +
3  Segment C
4  Cathode 1/DP
: ® 5  Decimal Point
6 Segment B
:U c 7  Cathode 1/DP
PY 8  Cathode =
oP 9 Plus NC
| masne RS e B s B o i S |
1 2 3 4 5
b)
PIN PND6710 FND6740
1 10 1 E Cath. Digit 1 C Cath. Digit 1
A A 2 D Cath. Digit 1 D Cath. Digit 1
|/ 3 3 C Cath. Digit 1 B Cath. Digit 1
F . 5 4 DP Catb. Digit |  DP Cath. Digit 1
G . 5 E Cath. Digit 2 E Cath. Digit 2
/] | —) 6 D Cath. Digit 2 D Cath. Digit 2
7 G Cath. Digit 2 G Cath. Digit 2
Ef [ c E c 8 C Cath. Digit 2 C Cath. Digit 2
9 DP Cath. Digit 2 DP Cath. Digit 2
(E—S (S—TC 10 B Cath. Diggit 2 BCath. Digi% 2
- - 11 A Cath. Digit2 A Cath. Digit 2
c) 12 FCath. Digit2  F Cath. Digit 2

13 Digit 2 Anode
14 Digit 1 Anode
15 B Cath. Digit 1
16 A Cath. Digit 1
17 G Cath. Digit 1
18 F Cath..Digit 1

Digit 2 Anode
Digit 1 Anode
A Cath. Digit 1
NC

NC

NC

Hinh 1-19. Mét vai dang dén hién sé diung diode quang
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