Appendix A — Mathematical formulae (1/5)

APPENDIX A - MATHEMATICAL FORMULAE

Version 3.1. Jan 99. A.5. corrected equation for trapezium inertia.
Version 3.2. May 2000. A.5. corrected equation for trapezium inertia.

A.1 Trigonometric functions

sinx = __
2i
sin(Ai B) = sin AcosB + cos AsinB
+
tan(AiB)= tan A £ tanB
1 tanAtanB
+ —_
sinA+sinB=25inA BcosA B
2 2
+ —_
cosA+cosB=ZCosA2BcosAzB

sin A sin B = %[cos(A - B) - cos(A + B
sin A cos B =%[sin(A + B) +sin(A - B)]
sin®x = %[1 - c0s2x]

sin®x = %[3 sinx — sin3x]

A.2 Hyperbolic functions

e +e™*
coshx =

coshix = cos x

sinhix =isinx

cosh®x —sinh®x =1

cosh (x * y) =coshx coshy £ sinhx sinhy
sinh (x + y) =sinh x coshy £ cosh x sinhy
cosh (x + iy) =coshx cosy xisinhxsiny
sinh(x + iy) =sinhx cosy + icoshxsiny

eix + e—ix
2
cos(A * B) =cosAcosB sinAsinB

COS X =

sinA—sinBchosAJrBsinA_B
2 2
cosA—cosBz—ZsinA;r B sinA;B

cosAcosB = %[cos(A + B)+ cos(A - B)]

cos’ x = %[1 + c0s 2]

cos®x = %[3 COSX + C0S3X]

X X

) e’ —e
sinh x =

Cosix =cosh x
sinix =isinh x
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A.3 Standard indefinite integral

Integrand Integral Integrand Integral

sin X -Ccos X sinh x cosh X

cos X sin X cosh X sinh X

tan X -In (cos Xx) tanh X In (cosh x)
COSEC X In(tan X/ 2) cosech x In (tanh X/ 2)
Sec X In (tan X +secXx) sech X 2 tan(e")
cot X In (sinX) coth X In (sinh x)
sec? X tan X sech?x tanh X

tan X sec X sec X tanh X sech x -sech x

cot X cosec X -cosec X coth X cosech X -cosech X

_ sin‘l(iw or —cos‘l(ﬂ
a a
sinh‘{? or In(x+,/x2 +a2)

af X ( [v2 _ 2)
- - cosh (aw or Inix+.x°—a

! 1 tan™ (ﬁ\
a a

A.4 Standard substitutions for integration
If the integrand is a function of : Substitute:

(a2 —xz) or x=asind or  x=acosd

Jai =x?
(a2 +x2) or 4a’+x’ x=atand or  x=asinhf
VX2 -a?

(x2 —az) or x=asecd or  x=acoshf

or of the form:

{(ax+b)\/PX+Q}_l px+q=u’
{(ax+b)4/px2 +qx+r>_l ax+b=%

or a rational function of:

: X
sin x and/or cos X t=tan—
. 2t 1-t2 2dt |
whence sinx=—— COSX = —— dx == —
1+t? 1+t 1+t
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A.5 Geometric properties of plane sections

section Area P05|t|or! of Moments of inertia Section Moduli
centroid
I, =bh3/36 Z,
(5]
E L o h l,, =hb®/48 base =bh? /12
I = = —
= 2 * 3 I, =bh3/4 apex =bh? /24
— 2
Iy, =bh3/12 Z,, =bh"/24
@ I, =bd®/12
2 h o Z, =bd? /6
s A =hd e, = I,y =db®/12 ,
o) 2 Z,, =db®/6
o Iy, =bd?/3
(5]
_@ bd b3d3 b2d2
c —
Ii A=hd €y = Iy = Z,=—F———
D LY b? +d? 6(b® +d?) 6vb? +d2
o > Texis ]
on diagonal
2 6/\ /‘\d o = Ixx - ZXX =
g 4 - 26102 9 4 42 cos? b?sin?6+ )
% *:/ X A=bd bsin@ +d cosé bd(b sin i?2+d cos 0) bd[ 4% cos? @
o7 » - 5 COos
2
o 3 6(bsin6?+dc039)
oxi/s through C.G.
v i
s — 3
o - ' eng Ixleyy284/12 Zxxzzyy:%
g b 4 —--'*"'{-X A=s’ S ly, =5°/3 g3
wn s A e = — _ 4 Z -
— b v = wW
. e 2 I, =s"/12 642
AV 4
™ 3(52 2
- o & | e eaaben?) |,
5 - d(a+b) 36(a+h) d-e,
N v A= _d(2a+b)
Ll x - X 2 €a _3(a—+b) Iy, = (two values)
E ' 3 2 2 3 2|
[ P~ d(a +a‘b+ab +b) 7 =2y
P 48 Yoo
) _ bd?® bd?
[ Ixx = —_— ZXX -
g A:ﬁ e :g 48 24
= 2 2 o dv’
Y48 Y24
S e, = 0.866s L= =1 z, =0.1203d°
2 A =0.866d° q w Ty T lw 7 —7
3 == =0.0601d* v
T 2 =0.1042d°
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Geometric properties of plane sections (cont.)

Section Area P05|t|or! of Moments of inertia Section Moduli
centroid
4 x:\
. ey 7 -7
s T A=08284d7 o _d =1, = w =Ly
< | XD X - 2 - " =0.1095d°
S| 7 % s=oauzd |\ R  0.0547d" 3
© & v =0 z,, =0.1011d
s\
~ V
n sides
,_s‘_(’b _ ns’cotd e =rorR =1,
S ! : Al6R? - 5?)
% A=nr’tanf depending on == 7= |
= ) .
S = NR%sin26 the axis and ) A(12r2 +Sz) e
\79, 2 value of n T
Regulor tigure
— 2 4 3
2 ’ A=rr q | = md 7 = md
= ‘ A=0.7854d% € =r=— 64 32
@) 2 _ 2 — 3
| =0.7854r Z =0.7854r
b
@ Zy =
£ 2 l,, =0.1098r" base = 0.2587r°
Q A=15708r"| ¢ =o0.424r o .
€ l,, =0.3927r" crown = 0.1907r
& z,, =0.3927r°
4 o
xx :L(neo —sinzew Ly
= A= . c 16190 . base = 1, /e,
@ 2/ g0 0o T T _ 20r*(L—cosé)
S L Lgo—SinH\ 12A 76° -180°sin 8 crown = i
=2 2180 ° b-e,
n e, =€, —rcos— po (1760 _ 3
by =28l 30 7 =2y
8sind +sin 26 W c
360° .9 9 4[’4 Zxx
2 Lo =1y ———sin" —— I
= 6° e :_rE e’ 29 centre = X
8 A=——qr? * 3 a rt(ne° . ) &
2 360° w g —sing [
o] r’c 8 (180° crown = —
ex = 3_ r4 T0° \ x
I :—[ +sing ; 22y
8 \180° yy c
Lo =1, = 0.0549r* MinimumValues
1< e, =0.424r . Z, =2, =0.0953r°
o 712 _ l,, =0.1963r
S A= 7 e, =0.6r _ . z,, =0.1009r°
2 e, =0.707r I, =0.0714r 7. = 0.064r°
I,, =0.0384r"
= e, =0.777r .
S _ | =1 =00076r" MinimumValues
g &, =1.09%8r o Z, =7, =0.0097r°
A =0.2146r2 - 4 o T Sy U
= e, =0.707r l,, =0.012r .
_ w z, =0.017r
g &, =0316r l,, =0.0031r* 7 00070
© e, =0.391r ., =0.0079r
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A.6 Conversion Factors

: Metric conversion factors

Imperial

,WW 00Z9TY =

WU 06E9T =

LJWW/N 0T X G68'9 =

WNY TES2'0 =
WN 95T =

WN 0ETT0 =
w63 2GTT0°0 =
WN 2086 =

W/NX 69°CE =
W/NX 9¥T10°0 =
w/4Bx 88y’ T =

W/N 208’6 =

LAUW/N 71°GT =
LU/NY €°20T =
JW/N 88° LY =
LW/46% 288y =
JW/N 2086 =
LUW/N G68900°0 =

urT

urt

i) T

urjuol T
uryqr T
uryqr T
uryqr T
wyby T

y/juol T
uAalT
uAalT

wi/ybx T

JI/Ju0) T
/4U0 T
41T
41 T
LU0 T
AT

10T X E0V'Z = NUITE,
©aIy JO JUBWON Pu02dS

Ul 0T X T0'T9 = RITITY,
SNINPOJA UONJ8S

MUIAGI00GPT = JWW/N T
A1onse|3 4o sniNponl

ur'juol 166°¢ = WNX T
W'1019/€2°0= WN T
uryg) 158°'s = WN T
uriql 08'98 = w4y T
w463 2010 = WNT

JUBWION
W/JU01 6S0€0°0 = W/NX T
W/J01 £5°89 = W/NX T
W/01 02290 = w/y6% T
w/yBx 2010 = W/N T

BuipeoT dins

MU0 G/$90°0 = WW/N T
AJ/IU01 Z€600°0 = JAU/NY T
A4/391 68020°0 = JAU/NT
MA018v020= WA T
/463 2070 = JW/N T
MAAIOSYT = WWNT
Ssans

N 796°6 =
N 8v¥'y =
N £L086 =

cW/3uU0l 62€'T =
cW/B% 20°9T =

WIY9L°0 =
W 2EBCO0 =
WU 06E9T =

MM T9EB0 =
;WM 062600 =
LMW 2°GY9 =

wyyT16°0 =
W 8Y0E0 =
ww ov's¢ =

8uu0} 9T0'T =
B3 9gGh°0 =

Juol T
a1 T
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cPAuO01 T
H/AI T
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UI'T
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AT
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T
urt

uolt
art

JU01 ¥00T°0 =
JO1 87220 =
463 2010 =

¢PAUOI 2620 =
¢H/01 272900 =

PABOET =
M 2e'GE =
¢U1 1900000 =

PAYBT'T =
M 90T =
U1 GGTO00 =

PAY60'T =
H18C€C =
ur ZE6€0°0 =

uo} ¢v86°0 =
g1s0¢¢ =

NAT
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NT

92104
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