
-

I , 

Ï 

I 

b C 

¢ e 

35°15' 0 0.4 

_49° 12' 0 

0 

-50°40' 0 

0 

2c43 2c35 2c54 

c23 + c44 

c12 + c66 

-.. e16+e21 

E 2. e 12 + e26 
-- e23 + e34 - 3 

TABLE 1 


FREQUENCY TEMPERATURE BEHAVIOR OF AT, BT, CT, DT, AND RT CUTS 


1O-9/(OC)2 
ANGLE ,a

6;oC 12/(OC)3CUT 1O-1O-

109.50°AT 

AT 
-0.02 109.30° 35°20' -0.40Opt. Angle 

0°BT -40 -128 

-58 -1510° 36°20'CT 

52-170°DT 

-34°30' -2-615°RT 

TABLE 2 

GENERAL EXPRESSIONS FOR THE CHRISTOFFEL STIFFNESSES fik' 
THE PIEZ OELECTRIC STRESS CONSTANTS E . , ' 

AND THE DIELECTRIC PERMITTIVITY Es 1 

a1
2 2 a3

2 a1Ïa3a1a2a3 

2c65c55 2c51 2c16fll c66cll 

2c622c462c24c22 c44f22 c66 

c44 c33c55r33 
+f23 c65 c43c24 c64+c25c45 c63 

+ c56 +c41c31 c55c35 c45+c36r13 c51 c46 

C56+c14c64 + c52c54r12 c16 c62 

- e26ell e25e35 
+ e36 e31 +e151 

e36 + e14e24 + e32e 16 e34e22 

e24 e33e15 e14 + e25e35+e13 

E 2E122E 13E33 2E23E22s Ell 

15 



ik' 

DIELECTRIC PERMITTIVITY €s FOR THE TRIGONAL CRYSTAL CLASS 
Da, e.g., ALPHA-QUARTZ 



2 a 1 

2 a 2
 a 2 a a2aa aaal 0.10.2 


rll 2c c C 0 0
cl 14 l 66 44 

r22 c c66 l c -2 c l 44 1 0 04 

raa 
 0 0C c 0 
u 44 caa 

0 0r 2a - 
C c 0 + c14 1 cIa 4 44 
2r 0 
 0 0 0
 cIa + c c 44 u al 

r 1 0 0 2 1 c
2 0 0 c 4 12 + c66 

'= -e 0 -
 e 0 01- 1 ell ll 4 
-0 e u 2e0 
 0 0
 ll :2 

-
- 0 0 0 0 00 -a 

EZS Ell Ell Eaa 0 0 0

TABLE 4 

ELASTIC STIFFNESSES cA IN 109 2 
Nm-

FOR ALPHA-QUARTZ AT 20C>C 

STIFFNESSES OF QUARTZ STIFFNESSES OF QUARTZ 
AJ-L Bechmann (9) Mindlin and Gazis (15)

Eo-c C Do- cAJJ. AJJ. AJ.I. 

11 86.74 87.4:9 86.75

33 107.2 107.2 107.2

12 6.99 6.23 5.95 

13 11.91 11.91 11.91

4:4 57.94 57.98 57.8

66 39.88 40.63 40.4 

14 -17.91 -18.09 -17.8 

16 

TABLE 3 

EXPRESSIONS FOR THE CHRISTOFFEL STIFFNESSES r

THE PIEZOELECTRIC STRESS CONSTANTS: j AND THE 



"-

- -

N 

complete A, 

°C a x 10-6/°C 

-94.7 

-34° 

15° 
-35° 

-36° 

30° 

30° 
30° 
30° >-160° 

-45° + 9.1 

-49°13' 
0° 

TABLE 5 


MEASURED AND CALCULATED FIRST-, SECOND- AND THIRD-ORDER TEMPERATURE COEFFICIENTS 

OF FREQUENCY a, h, c FOR THE THICKNESS MODES A, B, AND C OF SOME SELECTED QUARTZ PLATES 


TF.MPERATURE COEFFICIENTS, MODE A 


T CALCULATED VALUES ORIENTATION OBSERVED VALUES (MAX) 

¢ e 
 a x 10-G/oC c x 1O-12/(°C):l h x 1O-9/(OC)2 " 
e x  1O-12/(OC)3h x 1O-9/(OC)2 

-78.4 -111.0 -62.2-76.5>-160°10° ð28° 
10° _38° >-160° -85.6 -128.0 -94.9 

* -86.5-78.6 -118.0-58.92°30' -129.0>-160° -81.0 

* -90.0-72.0 -111.0-110.0 + 82.5 -75.0-33° >-160° 
* -72.0 -88.3>-160° -73.0 -114.0 -94.0+ 90.3 15° 

* >-160° -66.6 -106.0-110.0+ 266.0 -70.0 -93.220° 

X 
-36.9-52.0-20.5-20.5 -53.2 -36.6>-160°0°CUT 

* -68.6-29.8 -64.3-58.3±10° -29.3 -67.0>-160° 
* 
* I -95.4-41.4 -80.7-86.0 -92.7>-160° -42.0±20° 

t30° -54.8 -113.0-51.7 -96.0-105.0 -119.0 

TEMPERATURE COEFFICIENTS, MODE B 

-116.0+19.9 -21.3-112.6>+ 160° + 20.7 -15.20° -40° 
+ 125° + 10.7 -128.0-32.0 -123.0-31.60° 

BT 
0°CUT -128.0-39.60.0-40.0 -128.0+ 25° 0.0 

0° 
-129.0-42.0-1.3-130.0_10° -1.3 -44.4-50° 
-133.0-12.3 -51.4-171.9-71.7 -55° >-160° -13.7 
-136.0-00.9-22.8-134.8-75.0>-160° -24.5-60°0° 

'Denoles cuts for which data on B and C Modes are available. 



TCMAX) -

< 

_43° +35.7 -9.5 
5° -45° +50° 

_47° 
5° _48° 

_49° _40° 

-24° 

-32° -36.4' 

_34° 

_35° +5.4 

_40° 
_42° -5.9 

+70° 
-3e 
_32° 
_33° 

-43.4 

TABLE 5 (Continued) 

TEMPERATURE COEFFICIENTS, MODE B (Continued) 
_ 

ORIENTATION OBSERVED VALUES CALCULATED VALUES 

e b x 1O-9/(0C)2a x.1O-6;oC °C c x 1O-12/(oC)3 a x 1O-6/oC¢ b x 10-9/(°C)2 c x 1O-12/(0C)3 

+195.8 +9.2 -33.7 -123.05° > + 160° 
+3.2 -H.6 -169.6 +5.4 -36.5 -125.0 

5° +10° -0.9 -41.1 -118.0 +1.7 -39.8 -127.0 
+10° -1.5 -43.1 -122.6 -0.17 -41.5 -128.0 

-5.1 -53.5 -156.0 -2.1 -43.1 -129.05° 

10° >160° +18.2 -34.0 -124.0 -0.10 -10.2 -39.2 
10° _26° >160° +16.6 -43.0 -148.0 +6.5 +21.5 +13.2 
10° -30° +140° +10.0 -27.0 -103.0 +16.0I 
 -33.9 -106.0 
10° +110° 
10° _33° +85° 

-112.0+9.8 -33.8 -197.3 +13.6 
+7.5 -39.9 -168.5 +12.5 -37.3 -114.0 

10° +80° +5.7 -41.5 -14:1.7 +11.4 -38.0 -115.0 

+75° -42.9 -50.8 +10.3 -38.7 -117.010° 
10° _38° +40° +1.1 -39.0 -91.3 +6.8 -40.7 -120.0 
10° _5° -2.4 -41.9 -115.4 +4.3 -42.2 -122.0 

-47.5 -81.2 +1.9 -43.6 -123.010° _60° 

12°30' _30° +2.22 -27.2 -74.95 +8.4 -39.0 -100.7 
12°30' +60° +2.5 -32.3 -89.2 +7.6 -40.8 -104.0 
12°30' +50° +2.1 -33.8 -88.3 +7.9 -41.9 -107.0 
12°30' +45° +1.8 -34.9 -90.5 +6.0 -42.7 -108.0 
12°30' -33°30' 0° -1.3 -118.5 +5.6 -43.1 -109.0

* 12°30' -34° 0° -2.1 -44.7 -75.6 +5.1 -43.5 -110.0 

*Denotes cuts for which complete data on A, B, and C Modes are available. 



COEFFICIENTS! 

T(MAX) 
I I 

- --

¢ 
f---

IEMPERATURE COEFFICIENTS. MQDE 

j 

a x 1O-6;oC 

_3 1° -11.2 +0.75 

-33° 
_34° -7.3 

-34°30 ' -7.40 -39.7 
-33.5 

-8.5 

-9.3 -9.3 
-33.9 
-77.9 

30° 

+50° +46.S 
+40° >-160° +95.8 

+97.1 +57.5 

+S9.7 
+62.9 

TABLE 5 (Cont.inued) 


TEMPERATURE MODE B (Continued) 


ORIENTATION II OBSERVED VALUES CALCULATED VALUES 
3fJ b x c x 10-12/(oC)3b x 10-9/(0C)29/CC)2 e x 1O-12/(0C) 1O-6/oC°C 1O- a x 

320 
I 


-8.8 

-26.415° 

15° 
-21.7>-160" -44.4 -98.7

-88.8>-160° I 
 -39.1 +0.64 -45.6 -101.0_ .. 15° -33.2>-160" -7.5 - 64.S +0.23 -46.5 -103.0 
15° -OJ17-SO.3>-160" -37.4 -47.1 -104.0

-28.115° >-160° -0.67 -47.4 -105.0 
.. 15° _35° -7.45>-160° -5S.S -0.98 -47.7 -106.0 

15° -35°30' >-160° -39.3 -75 . 1 -1.34 -4S.0 -107.0 

-
.. 20° _36° >-1 60° -19.9 -30.5 +20.3 -9.7 -51.4 -95.2 

-a .. 30° ± 10° >-160° -14.9 -42.5 -S6.0 -14.7 -33.7 -73.6 
.. 30° ±20° >-160° -2 1.S -34.4 -20.4 -37.6 
.. 300 ±30° >-160° - 19 . 1 -24.5 -2S.9 -lS.2 -27.0 

30° HO° >-160° -22.2 -39.3 -46.5 -19.5 -50.9 
±50° -43.9>-1 60° -2S.0 -33.1 -24.2 -5S.S -99.2 

C 

>- 160°0° -71.5 -S2. 6 -66.2 -67.S 
0° -22,4-17.5 -16.0 -24.0 

AT 
0° +35°30' 25° +109.5 -0,4 +109.00.0 +0.400 0.0CUT 
0° +96.3 +90.5 +64.1+10° >+1 60° +53,4

Y 
+92.5 +5.S0° 0° >+160° CUT 

0° _10° > t 160° +S1.2 +41.4 -36.S 
+21.1 -7 1 .20° _20° >+ 1600 + 65.S 

Denotes cuts for which complete data on A, B, and C Modes are available. 



COEFFICIENTS, 

--as" 

T(MAXJ 

>-160'" 

I 

I 

I 

.-:\:J" 1 1'2"';m' 

I t 

10° 

1100 
10 ° 
10" 

10° 

_28° 

°C 

> 160" 

+3.3 
+0.8 

10.26 
-0.H7 

-:L4 
-5.5 

16.4 

-40.0 
11.5 
10.7 

-5.8 

-5.9 

-32.4-

-6.4 

+ 12.9 
1,13.2 

-1.28 

-:n.3 

-11.9 

-34.4 

-6.9 

TABLE 5 (Continued) 


TEMPERATURE MODE C (Continued) 


ORIENTATION OBSERVED VALUES CALCULATED VALUES 

4> 
 (J C)( 10-12/(°C)3 a)( 10-6;oCb)( 1O-9/("C)2 b x 10-9/eC)2 c x 1O-12/eC)3
a)( 10-6;oC 

5° 240 > +160" +33.1 -334.0 +27.8 --67.8 253-58.5_
250 

+1505° -0.57 
260 >_160" 

-3. 2 

-3.0 

-63.4-60.0-82.2 +12.0 
5° -6.0 -28.3 -79.2-66.2 

-51.6 
-28.4

_ 
_

5° -28" >-160° -1.7 -20.8 -58.6 

100 
100 

t70° -48.0 -2.4 -23. 0 -57.6 
1550_30" 

alo 
+400 

+äOO 
to.61 

-30.0 -1.1 -16. 0 -40.3 

100 -1.2 -14.4 
-1.5 -13.0 -29.3 

-12.5 -25.0-1.9 

-34 . 2 _ 
__32° -9.8 

-7.81400 
-1.7 

--a:\" .....
<;) 

-:H() _> 160" -20.7
- 21.1) 
-10 .5 -2.7 -12. 0-6.3 

-16.8>-160" -0.2 --7.2 -3.5 -11.8-:Hio 

10" 
-13.3 

-1.5 

-5.0 -4.6 11.96.0 

-6.5 

_:õ6° 
+1.7 -7.2 -12.6 

!
10" 
10" 

+13.5 -lOA -14.3-.,1 on >- HiD" -8.8 
·-4H" >- 1(;11" -29.0 -29.0 +8.819.6-27.4 +40.0 

-35.6 I -94.0 +1:3.5 -46.6 -110.012°:W' __ m,n 1140'" 12. t 
12":\0' -:W" + no" +12.3 --n.9 -50.2 -122.0j -1.15.0 

I -flS . O 
+3.24 

12":\0' -27" 11:10" 112.5 -150.0 
-62.8 

-69.8-38.6 
1 UO" 1 14.6 -·39.7 ' -132.012":\0' --2W' 

I 
 -29.6 
-27.2 

11240 +2.7 10.5 -28.0 -13J}
12.0 -!).:ö I -lO.n -0.65 -13.3 

-0.95 

-0.3412":)(1' -:J1" 
12"ao' :W':\O' 120" 

11(IHo -å3.1 -12.8 -24.912":÷0' -320 "'J) -H.8 
1104 I -1.62 

--22.8-12.512":)(1' _32°:\0' 190" 
12";30' In;! 

-24.9 
-19.6 

--8.7 

-20.7 
--18.8 

10.8 -7.6 -12.1 

--11.7 
14.0-0.4 7.4 -2.07--:l:r':w' 0('I

I'" 12";H!' - :\1" 11 (j') 0.04 7.5 1 8.0 -2.54 
r J)"IlQ!,t>r C!Jt;;; j'YL'" blGh.nllllpkt\;:. dt\ll\ ulL A, B.-<l.ud...G..Mud=_..llXO- !:lv_rulable. _ ________ __ 

I 
I 

16.9 
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I 

> 1600 

_32° 

- 34°· 
-34°30' 

- 35 0 

- 35°30 ' 

-35 030' 
_36° _30° 

+93° 
+149° 

-34° 
- 36° 

+13.3 

-9.7 

-7.3 -4.7 

+2.49 

+ 1.:34 

+62 

+3.7 
+ 7.0 
+2 _7 

-9.9 + 13.2 
+8.9 

TABLE 5 (Continued) 

TEMPERATURE COEFFICIENTS, MODE C (Continued) 

OBSERVED VALUES CALCULATED VALUES --r- (J 
1O-12/(oC)3h x 1O-9/(OC)2°C It x 1O-6/oC c x 10-12/CC)3 

a x lQ- 6/ o C b x 1O-9/(0C)2 c x 
------. 

15° ')-30
fi'c 

15° 

-21.1 -47.8 +3.2 - 15.3 -25.8
1 -;n ° > 1600 + 11.3 -13.7 -39.2 + 1.2 - 13.3 -22.4 

> 1600 +6 .6 -19.2 0.00 -12.2 -18.8
* 150 

15° 
3ao _ > 160° +4.7 -7.2 -17.5 -1.1 -11.7 -15.3 

+1540 +1.8 -7.16 -1.3 -2.29 -11.6 -12.1 
RT 

15° +100° +1 . 3 -7.3 -6.6 -2.9 -11.55 -10.5CUT 
* 15° -t 11° -0.2 -7.02 -2.6 -3.48 -11.5 -8.86 

15° -3.64 - 11. 7 -7.4-15.2° -0 . 6 

+ 0.2 
17°30 -34° 30' > +160° -8.24 -4.41 -2.2 -11.4 -3.2 

-8.3 + 2.37 -3.34 - 11.35 -3 . 27+300350 _ 17° 30 
170 30 +1000 -8.4 -3.36 - 4.0 -11.41 -3.38 
17°30 --1.02 -8.9 -3.5+2.9 -4.89 -11.48 

IT 
200 +34020' +150 -0.06 -8.9 +52.0 -0.5 - 10.5CUT 

+80020° 280 +4.0 -32.6 -28.1 +7.1 -39.5 -57.9_ 
200 300 +4_6 -30.3 -29.4 +10.6 - 18.4 -14.1_
20° 32°_

> 160° 
- 11. 4 + 0. 02 +7.1 -24_9 -19.4 

20° 
* 20° 

-13.8 +0.6 -1.2 -11.1 +1. 6 

-0.7 
> 1600 -10.5 + 15.1 -4.9 -11.9 +5.2 

-6.8 -12.6 +7.120° 37° _6°_ 
11 5020° -38° -4.1 - 11.45 + 12.8 -8.7 -13.5_

20° _39° -165° -6.2 -11.32 + 19.9 -10.7 -14.6I +10.6 



I 

T{M!J. V\ 

¢ 
-- .--.- -------- ----------

; 

25° +4:.3 

+90° 
_34° > 150° 

+6.3 
±30° +5.1 +5.7 

+4:.3 
+0.75 +17.4 

+34.4 
+34.7 

+4:4.5 
±60° 

TABLE 5 (Continued) 

TEMPERATURE COEFFICIENTS, MODE C (Continued) 

ORIENT A TION OBSERVED VALUES CALCULATED VALUES 

e °C a x.1O-6/oC b x 10-9/(0C)2 ex 1O-12/(0C)3 a x 10-6/oC b x 1O-9/(0C)2 c x 1O-12/(oC)3 
._.-

_26° +120° -23.2 -11.8 +3.4 -37.7 -28.0 
25° -28° +105° +3.7 -23.15 -13.7 +4:.2 -35 .9 -28.2 
250 +3.5 -24.2 -12 . 8 +6.4 -27.8 -15.8_ 30° 
25° +4:.9 -18.0 -5.6 +0.83 -12.2 +17.8 

300 ±l0° > +160° +13.3 -7.9 +34.4 +11.5 -21.8 +4:3.0 
300 ±200 > +160° +7.0 -16.9 -0.4 -28.5 +14.1 
300 > +160° +5.0 -20.5 -12.4 -25.2 
30° ±32° > +160° +20.4+4.3 -14.9 +11.6 -18.4 

±:l40 +600 -12.96 .30° +0.26 -14.3 +31.5. 

30° ±36° -100° -4.55 -14.3 +20.6 -5.4 -14.4 
30° ±40° >-160° -14.9 -19.8 +27.0 -16.8 -19.8 
300 ±50° >-1600 -46.4 -5 0.1 -46.2 -47.0 +21.6 
30° >-160° -72.8 -101.7 -73.1 -80.0 -14.4 

. 

l-



TABLE 6 

6
G

VALUES FOR Tc44(1\ Tc66(l), TcU
(l) IN 10- /oC USING TWO 


DIFFERENT ZERO ANGLES OF THE AT AND BT CUTS 

ZERO ANGLE ZERO ANGLE 

AT: e = 35('15' AT: e = 35°22' Ú 
BT: e = -4}O13' BT: e = -49°40' PERCENT 

TC44(1) -177.4 -175.6 1.02 

Tc66
(1) 177.6 179.3 0.96 

Tc14(1) 101.3 103.9 2.55 

23 




- '--. 

\ 

` 

T = 35° 

-49.7 

-687 -580 -510 

-169 

107 94 

-177 

TABLE 7 


VALUES FOR THE FIRST-ORDER TEMPERATURE COEFFICIENTS OF THE 

STIFFNESSES FOR ALPHA-QUARTZ IN 1O-6;oC 


GPO(23)
ATANASOFF(20) KOGA (24)

MASON (22) RESEARCH REPORT NEW VALUES MASON (19)BECHMANN (5) et al.AND HART 
1961
1934 
 1951 No. 13524
1940 


1958
1941 

1951 


50° T = 20° T = 20° T = 25° 
0 oT0 = 20° 

0 T0 = 0 

Tcl1
(l) -44.8 -48.5-53.5-54-48 

(1) -165 -188 -160-251-208 -213Tcaa

(1) -2930 -3000-3000 -3030-2350-2115TC12

(1)To1a -492 -550-530 

TC44
(1) ... -172 ,-151 -160 -171 -169 

(1) 168 168 
 180 178
170.1161
144
Tc66

Tc14
(1) 96
82 
 90 
 98 101 


. J 



0 

TABLE 8 


VALUES FOR THE SECOND-ORDER TEMPERATURE COEFFICIENTS OF THE 

STIFFNESSES FOR ALPHA-QUARTZ IN 10-9/(0C)2 


MASON [22] 
1951 

GPO (23) 
RESEARCH REPORT 

No. 13524 
1951 

KOGA, et aL[24] 
1958 

NEW 
VALUES 

1961 

T = 50° C0 T = 20° C T = 20°C0 T = 25 °C 0 

Tc11(2) -75 -407 -107 

TC33(2) -187 -1412 -275 

Tc12
(2) -1500 -7245 -3050 

Tc 13
(2) -2000 -5 96 -1150 

TC44 (2) -212 -233 -225 -216 

Tc66(2) -5 193 201 118 

Tc14(2) -270 -82 -13 -48 

TABLE 9 


VALUES FOR THE THIRD-ORDER TEMPERATURE COEFFICIENTS 

OF THE STIFFNESSES FOR ALPHA-QUARTZ IN 1O-12/(0C)3 


MASON (22] KOGA et al [24J NEW VALUES 
1951 1958 1961 

T = 50° C 0 T == 20° C0 T o = 25° C 

Tcll(3) -15 -371 -70 

Tc33
(3) -410 -243 -250 

Tc12
(3) 1910 4195 -1260 

(3) 600 -5 559 

Tc4 4 (3) -65 -190 -216 

Tc66(3) -167 -777 21 

Tc14(3) -630 -625 -590 

Tc13 -750 

2S 



AT 20°C IN 10-12 m2W 1 

TABLE 10 


ELASTIC COMPLIANCES SAIL FOR ALPHA-QUARTZ 


COMPLIANCES OF QUARTZ 
According to R. Bechmann [9] 

COMPLIANCES OF QUARTZ 
Calculated from Mindlin and 

Gazis [15] 
Usi.ng their Values CAlL 

Af-L S EO"AIL S DO"AIL SAIL 

11 

33 

12 

13 

44: 

66 

14 

12.77 12.64 

9.60 9.60 

-1.79 -1.66 

-1.22 -1.22 

20.04 20.03 

29.12 28.58 

4.50 4.46 

12.71 

9.60 

-1.61 

-1.23 

20.017 

28.64 

4.41 

26 



. 

. 
., 
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TABLE 11 


VALUES FOR THE FIRST-ORDER TEMPERATURE COEFFICIENTS OF THE 

COMPLIANCES FOR ALPHA-QUARTZ IN 1O-6;oC 


BECHMANN[5] 
1934 

GlEBE AND 
BLECHSCHMIDT[25] 

1940 

MASON [19] 
1940 

MASON [22] 
1951 

GPO [23] 
RESEARCH REPORT 

No. 13524 
1951 

NEW VALUES 
1961 

T = 20° C0 T = 5 0° C 0 T = 20° C 0 T = 25° C0 

TSll
(l) 

Tsaa(l) 

Ts12
(1) 

Ts1a(l) 

Ts44
(1) 

TS66
( 1) 

Ts14
(l) 

11.5 

180 

-1125 

-148 

175 

-119 

113 

. 

175.9 

-128.9 

12 

213 

-1265 

-238 

189 

-133.5 

123 

16.5 

134.5 

-1270 

-678 

201 

-138 

139.5 

200 

-134 

125 

15.5 

140 

-1370 

-166 

210 

-145 

134 

N 
.... 



TABLE 12 


VALUES FOR THE SECOND-ORDER TEMPERATURE COEFFICIENTS OF THE 

COMPLIANCES FOR ALPHA-QUARTZ IN 9 2 10 
- /(0C)

GIEBE,L25 GPO{2S) 
MASON 

BLECHSCHMIDT 
AND [22] RESEA NEW VALUES 

1951 
 No. 
RCH REPORT 

13524 1961 

1940 1951 

= ° To 50°C To = 20 C To = 25° C 

2Ts ll (
) 58.5 85.3 

T ) s (2 144 247 33

T (2) s1 -575 -1385 2

T ( ) . s 21 -2 3 1 10 -718 

TS44 (2) 298 200 2 72 262 

Ts66(2) -118 -18 -83 -85 

Ts (2)
1 40 9
 83 34 


TABLE 13 

VALUES FOR THE TH:RD·ORDER TEMPERATURE 

COEFFICIENTS OF rHE 
ALPHA-QUAIi:TZ IN 

COMPLIANCES FOR 
1100 2j(0C)3 

MASON [2Ù!l NEW VALUES 
1951 1961 

To =50°C To :: 25° C 

T (3) s11 33 38.3 

T ) s (3 570 300 33

T (s 3) 1 -215 -1460 2

Ts (3) 1 610 -823 3

T ) s44(3 -26 162 

T (s 3) 66 3 -135 

Ts14(3) -54 -465 

28 
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TABLE 14 
MEASURED AND CALCULATED VALUES FOR FREQUENCY CONSTANTS N AND 


FIRST-, SECONDo, AND THIRD-ORDER TEMPERATURE COEFFICIENTS 

FOR THE CT CUT VIBRATING IN CONTOUR MODE 


CALCULATEDOBSERVED 

Yeoo Ye45° Yeo Ye45° Ye o 

37°40' 36°20'36°15'(yxl) (3 Angle e 

3766
3583
kc-mm N 3087 


10-6JOC a 0 

II 10-9/(OC)2 b -

0 

58 

! 
II 


-58! I
1
I 

-161c i ,I

i -151 I

I I
I
da I 


10-610C -

cG I
i

I 


i 


! 
- !10-9/(cC)2 cb 

,

i
I 
 4.75
,j :-" !

! 
'2c 1
I


! 
- II
i
I 


cc 25°Tm II I 

I
I II
?Tm ! 

-- 45C°C I I 

of 1
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29 


25° 
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Fig. 36 
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TABLE 15 


MEASURED AND CALCULATED V ALUES FOR FREQUENCY CONSTANTS N AND 

FIRST-, SECONDo, AND THIRD-ORDER TEMPERATURE COEFFICIENTS 


FOR THE DT CUT VIBRATING IN CONTOUR MODE 


OBSERVED CALCULATED 

YeoYeoo Yeoo Ye45° YeO 

1
,
I

(yxl) e Angle -51050' e 

2073 2341 24:71 2085 2356N 

0 0a 
I

1O-9/(oC)2 b -17 -19.4II 
3

10-12/(0C) c 

da1O-6;oC -
de 

db 
10-9/(OC)2 -

de 

10-12/(0C)3 £ 
de 

°C T rn 

dTm-°c de 

52 

I 

25° 

_750 

75.6 

,-2.30 

-2.01 

-1.06 

25° 

30 

2486 
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Fig. 1 Frequency temperature behavior of the AT, BT, CT, Dr, and RT cuts. 

-100 


