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f w 1077 P b 10°
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n # 107 G g 10°
o k10 M £ 10°
m ¢ 107 k £ 10
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u'af/ "f:
(SOME IMPORTANT CONSTANTS)
JN rL
2.9979 x 10° ms” c NI
1.602x 107 C e e a8
6.673 x 107" N m? kg™ G e
6.626 x 107 Js h ey
1.381 x 1072 J K™ k Lty
6.022 x 10*mol " N, siess i
8.314 J mol” 'K R i
9.110 x 10 kg m, =l
1.675 x 107 kg my, el
1.673 x 107" kg m, e dSutsy
1.759 x 10" C/kg e/m, e Gl S Pual 4 Bt 2
9.648 x 10* C/mol F e 12
1.097 x 10" m'" R N2
529210 "'m a, Hidy
5670x10* Wm®* K* o B T
2.898 x10° mK b Ly s
8.854x 10 “C* N'm* & Srhedly oot
8.987 x10° Nm’C” 1/4n g
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4TCX10 Tm A “0 d{%.’/‘;&&
~1257x10°WbA'm"

Bk 93

(Other useful constants)

e Loy

4,186 J cal™' J
1.013 x 10°Pa 1 atm
-273.15°C 0K

1.602x 107"J 1eV
1.661x1007kg  1u

0.511 MeV mc’
931.5 MeV luc?
22.4L mol™ \Y%

9.78049ms™? g
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(APPENDIX A 4)

Srenll fta

(CONVERSION FACTORS)

(P WHatladQ il s S wrd Z3LT)

Conversion factors are written as equations for simplicity.

Length JU

1km=0.6215mi

1mi=1.609 km

Im=1.0936yd =3.281{t=39.37 in
1in=2.54 cm

1ft=12in=30.48 cm
lyd=3ft=91.44cm
1lightyear=11y=9.461x10"m
1A =0.1nm

Area .V

1m?=10'cm?

1km*=0.3861 mi*=247.1 acres
1in*’=6.4516 cm?®

1ft'=9.29x 10°m?

1m*=10.76 ft

1 acre =43,560 ft*

1 mi*= 460 acres = 2.590 km*
Volume 4

1m’= 10°cm’
1L=1000cm’=10"m’
1gal=3.786L
lgal=4qt=8pt=1280z=231in’
lin’=16.39 cm®
1ftt=1728in*=28.32L=2.832 x 10‘cmy’
Speed Ji

1kmh'=0.2778 ms*'=0.6215mih"
Ilmih'=0.4470ms*'=1.609 kmh"
lmih'=1.467 fts"

Magnetic Field (/i (5~
1G=10"T

1T=1Wbm*=10'G

Angle and Angular Speed J .ng Lalisslysls

nrad =180

1rad =57.30

1=1.745x 10*rad

lrevmin'=0.1047rad s"

1rad s'=9.549 revmin®

Mass :4;{

1kg=1000g

1 tonne =1000kg=1Mg

1u=1.6606x 10" kg

1 kg =6.022 x 10*u

1slug=14.59kg

1kg=6.852 x 10*slug

1u=931.50MeV/c’

Density S

1gcm*=1000kgm*=1kgL"

Force af

1N=0.22481bf=10°dyn

11bf=4.4482N

1kgf=2.2046 1bf

Time =%

1 h=60min=3.6ks

1d=24h=1440min=86.4 ks

1ly=365.24d=31.56 Ms

Pressure 3>

1Pa=1Nm>

1 bar =100 kPa

latm=101.325kPa=1.01325bar

latm= 14.71bf/in*=760 mm Hg
= 29.9inHg=33.8ft HO

11bfin?*=6.895 kPa

1torr=1mmHg=133.32Pa



el 274

Energy Jt/5 Power <3

1kWh=3.6 MJ 1 horsepower (hp) =550 ft Ibf/s
1cal=4.186dJ =745.7 W

1ft Ibf = 1.356 J = 1.286 x 10°Btu 1 Btu min* = 17.58 W
1Latm=101.325Jd 1W=1.341 x 10° hp

1Latm=24.217cal = 0.7376 ft1bf/s “
1Btu=778ftlb=252cal=1054.35J Thermal Conductivity =l 7
1eV=1.602x%x10"Jd 1Wm'K'=6.938 Btu in/hft* °F
1uc=931.50MeV 1Btuin/hft*°F=0.1441 W/mK
lerg=10"J
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(APPENDIX AJ5)
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(MATHEMATICAL FORMULAE)

b
G?omej:ry YKz sing=Y cosg==
07156y BI_id) k%= 2nr; r r
2= q? Zo/{/;jﬂ tan =< cot ==
- x
A= anr’; J
4 sec =" csc @=L
o= —m? < y
/ 1 . . 7 a2
2 A5 K sty B s Az f B
IS )( J : o Pythagorean Theorem

L=2nr?+2n 1 h; . P 9 o o
uﬁwﬂ,u(@wa +b%=c
5 =
.'%:ﬂ'r h:

2L hE s As sl B
. 1
~/=— ah
2
Quadratic Formula %652 c
P a
JI ax®+bx+c=0,
. —bt\b*—4ac
< x= A Llc
2 -1 b Aol b b
=l 3 27 2L0 15 )
Trigonometric Functions of Angle 6 A5.2
Y-~ Triangles &%
___________________________________ u.?%)'/' A B, C
: it el ia b, e
r 'y Angles A + B + C = 180°
: sinA _ sinB _ sinC
0 f a b c
0 X X axis ¢ =a%?+b%-2ab cos C
AS5.1

:«)U&/G D=A+C
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cos o + cos i
= 2cosl(a'+ﬂ) cosl(a’— )
2 2

cos a—cos f

C
1 1
A 53 (){; =-2 51n§((x+[3) 51n§((x—[5)

-‘L/,’/.Jrﬂi/}’@tt‘dek/
= equals < x4« .

= equals approximately ‘L/.'/.@; v N nx nn-1x2 5

~ is the order of magnitude of «»§/0:% IEx)7 =1x—md —— ... x" <)
# is not equal to g_ufd;h .

= is identical to, is defined as -LLL“le[»:(J/’ “LJ =Ly

Binomial Theorem ,J.(»‘j'j,,

2
> is greater than (>>is much greater than)e %< ! (i+x) =132 nn+)x= x2 <1)
<is less than (<< is much less than) (« Iz (/1D) u 2!
> is greater than or equal to (or, is no less . ‘ ..

than) ( 93”{‘"’/’ = J'D) LLW%"“—J’ Exponential Expansion &~ GV ?
< is less than or equal to (or, is no more 5 3

than) (c‘-m"LJJ.)CL-/.’/.ﬁd'L"/.cJ’ X 14X+
+ plus or minus (§’ =3 2038

o« is proportional to c;../t;z:
> the sum of ‘LGZJ%

L L . VS SNCTI
X Or <x> or x,, the average value of x bl Sx In (14) =%- 7% + §X Teeee (|X|<1)

Logarithmic Expansion & 755/

Trigonometric Identities , 544 i
sin (90°-0) = cos 0 Trigonometric Expansion (J~¢/4£/6) & R 2N

0 i di
cos (90°-0) =sin 0 (0 in radians)

3 65
sin®/ cosO=tan 0 sin = 6—§+§— .....
sin’0 + cos’0 =1 6* o

cos 6:1_7+I_ .....
sec’0—tan’0=1 L .
0= 0 o’ 20
csc’O—cot’d =1 tan 0= 6+ =+ ...

sin20 =2 sin 0 cos 0 . .

Products of Vectors _,/J" bl U

c0s20 = cos’0-sin’0 =2cos’0-1 oA A o
I ~ sYxcecs Lkl )i &P

af-w“&ﬁ{!ufur:“‘z

sin(a+ ) = sin o cos f + cos o sin f

iizjj=k-k=1,i-j=jk=k-i=0
cos (¢ * ) =cos acos f sin o sin f S S
ixi=jxj=kxk=0,ixj=k jxk =i,kxi=j
tan o £ tan 5
tan (a = f) _ _tmot@nf UFzslyxl S A oG
I Ftan tan S

Una, a, a2t e

1 1 ~ A ~

sin o * sin =25m5(aiﬂ) COSE(aiﬂ) a=ai+aj+ak
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d/uﬁ‘uz,&“dfdﬁ:'ﬁaéﬂ |]axb|=absine

Jfesbacs Al L85k i j K
ax(b+c)=(axb)+(axec) axb=-bxa=|a, a, q,

(sa) xb =ax(sb) =s(axb) (s is a scalar) b, b, b,

Let 6 be the smaller of the two angles =(a,b, -b,a,)i+(ab, -b,a,)j+(ab,-ba,)k

between a and b. Then a.-(bxc)=b (cxa)=c-(axbh)

a~b:b~a:axbx+ayby+azbZ =ab cosé axMbxc)=(@a-c)b-(a-b)c

A6 »A:’i
(APPENDIX A 6)
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(SI DERIVED UNITS)

U102 SLA T bt U K16LEST A6

5

m2 xCr
m3 /‘: 5
m/s or m s-! A{?d/’:‘ /@; b
rad/s or rad s-! FE e b SdL
m/s2 or m s -2 ,tgd/{g g
rad/s2 or rad s2 &/jg?éu:é/ Ci/lépl)
m-1 26 wl
kg/m3 or kg m-3 ﬁ‘q@('}ig SIS i
A/m? or A m- /‘:d/éﬁ.fl Sy
A/m or A m! ;,-:[}Kii ‘cf’lbu'/gfbdbt’"‘
r:a}(,dbbi‘
mol/m3 or mol m3 A Sy &C(}';A,:.b(g’w
m3/kg or m3 kg1 r,/}é/&}:_.)( (S22 6
cd/m?2 or cd m2 2888w (ijj
m2/s or m?2 s-! ;{?d}:d/ (Q}J&z/)c{’ﬁ»
kg m s-! S b1 =2 U
kg m?2 ﬁ'd/(’/;g .&/]JL’:
m F ]l!bf()}z
Sk cid /G

3g1 . .

m3 s A C/’Jﬂff
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UK i1 SUs b ST AG.2
(A 6.2 SI Derived Units with special names)

it

UEBIBESIG S BUUsKIS
QLSS e Bt A

s1 - Hz iz Y%

kg m s-2 or - N 5 =

kg m/s?2

kg m-1s2 or N/m?2 or N m- Pa f& sl

kg /s2m )

kg m2 s2or N m J Jﬁ /lﬁ‘fg/l/r(:étl?

kg m2/s2

kg m2 s-3or J/s ordJ sl W ) ;/'/GJW"I::I’LL

kg m2/s3

As - C ._,)/ ulﬁ"g(}/.
Lokl

kg m2s3 A-l or W/A or W Al \ L Oisdsdds

kg m?/s3 A SrELY

A2 s4 kgl m-2 c/V P 32 Y

kgm?2s -3 A2 V/A Q gl ‘f/bf

m2kg1 s3 A2 A/V S ‘f-‘-"“/ el

kg m?2 s2 A-1 VsorJ/A Wb & Jg‘u’.‘-bw

kg s2 Al Wb /m?2 T W ‘U"ﬁf‘f':btf'”
sl P
s

kg m2 s2 A2 Wh/A H S =

cd /sr = Im U:)J.. ulﬁ%;:u’mul%:

m-2 cd sr-! Im/m2 Ix JE e Fb

51 - Bqg 15D
(St

m2/s2 or m2 s-2 J/kg Gy o /v’ st e
:«/lﬁkﬂ/fo}k
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S etV

Gkt Flenr
G Flennsy
_’w!fﬁé ¢Sy
Sy 5]

gz

el
bl ds

aCfu’m @/.

STy,
Gkl smi
deidds
A7 QLsl
gl

FetrdrStdrant sy

d/@le
(CIEN VIS
C;'J)}B}n—,if
Skl
Uik
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deigss

K‘i, rd

K‘afd&)l}
et
Seia”

yu‘

UL sISLA § 562 5L U 6ISTdburt s A6.3

dgist

w3z JT'
}:‘Jf Cm
%, T Pl or Pa s or
‘fgwij{ 4 . N s m”
KO Qi
s N'm
Jeder N/m
2Broen W/m
o 3Jz J/K
u};’?u/;{&dz J/kg K
HKidz J/kg
e YIn Y W sr!
o3 Wm' K"
A GU7 J/m’
2l V/m
HAGH $'J
p I Zad
far’ad per metre F/m
KOH H/m
Jrddz J/mol
}gd}z Js
UXU’”&J}Z J/mol K
a9 C/k
rl/‘/rgdu):’/ .
S 2 Gy/s
e S
- Pa’
‘}w N/m” or N m*
/:‘?/Jjux ‘Pa/mor Nm"
KOS
200 J/kg or
DLRVE N m/kg
JJ/L Pa m® or N m
JE - 3 Ns
»U?Jx Nms
P Qm
iy J/m” or N/m
283Uz

UZ KIS ST
SLES

m’ kg s

kg s
kg s

m’ kg s* K"
m?s? K*

mZ S-2

kg m® s® sr’'
mkg s’ K'
kgm' s

m kg s° A
m°As

m’As

m”® kg’ s'A®
mkgs®A”®
m* kg s“mol”’
kg m® s

2 - -2 =1
m’ kgs® K
mol

kg's A

2 8
m s

mkg' s’
kg m’ s*

kg m” s*

m’s®

kg m®>s”
kgms'

kg m®s’

kg m®s® A”®
kg s”
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-5%3UHe<H:C:Ca
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A.8 ,A:fa

(Appendix A.8)

LB 8L & SIS st § UAL SLaUZ KL U €IS

(General Guidelines for using symbols for SI Units, Some
Other Units and SI Prefixes)

-t Jl.wéw:/af‘duu/(a}f)dzﬁ/ru S Sunnie &

Zugsi- ot de Qu;/u%ﬁ QIS 2 5L Cr§y I s w3 L8 U ens S 1 o Sl S U
(Capital Letters)d;ide(fff"ctz: u:f(l_ugu.?;ﬂ.uj Sk 2 Cd'S'm'kgé’,‘,-g«wa/':’?d/U‘d’ﬁ il
-« b7 (Capital) Fd kg Ktk Sl uigftﬁuw"'vu/rw de el i
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J2 361 ewb 2 Z(Weben g» (K112 7 $¥1catm 2 £ 3615 Qld £ L o $61em 2L £ = Je i

(Litre) 43612 L Flaots oo Fs VA Z(Volt) s $¥iaZ £ @mpere) £ §¥1.J2- L (Joule)
s (Dt (DA e L N T e

gdvvn;fgéf{w;/,nttggéuﬁ’ (J'%sg_;wd")utﬁf S FTL (7)o Sy £ L ek SUEK)

-l
125cmi25cmsidz b’ 24em ok § $612 £ §§ (U2 §725) 25 Centimetres) 4L Ji
_u.%/{';QScms.

L L5 S5l od e (61378 mdeerto 061370l 216 () (Solidus) B J 2 o
_éggg)wufyﬁé;uw_uﬁ-%%g
:C)Jl‘ﬂglguﬁuﬁ’im/s/syg(n,.;d(éuywﬁs_%ﬂmuLy,) ms 2| m/S* 1>
IPI=INs m?=1 Ns/m’= lkg/sm=1lkgm' s
5-‘&ufw/:1kg/m/SZJ?‘Lw/;

e erisnrj [k fmol e =K mol! | J/kmol
Lot $61s et St Ut Qo (f%u; U 31t (28 St (Prefix symbols) Sl fUAL
Sty us 2o S SSTU I L2 et e BUL e 2 B61SIG 2 & 1 Qb $ 28 6 3 s
Lok S8 LB AFE D L5 T a8 ol us et SO E bt A4 L L0 S 5al

il LA,
(2hg) (1IMW=10° W) £+ (nanosecond) (1ns=10"s)
(#2§%) Centimetre) (1 cm=1072 m) wi/iﬁg (Picofarad)(1 pf=10_12 F)

(/"53{) (Kilometre) (1 km= 10° m) ﬁ@/?ﬂ.(microsecond) a us=b'6 s)

J»J’ (millivolt) (1mV=10°V) 7€/ (Gigahertz) (1GHz= 10° Hz)
sTe#(Kilowatt-hour) (kWh=10° w'h=3.6 MJ=3.6x10%)
j:b/?l.(microampere)(l LA=10°A) e A pum = 10°°m)
:’/(Submultip1e)J’*“‘JJ’LQL}.G(micrometre)/"'fu?l..'/ﬁ:taf.!/.L 1 O'6£(micr0n)l~)5/t’&t{’
e u;*’lb‘éy{xi Je Ku’?:f.z’z‘il 0" m|(femtometre) < ig‘(fermi)dj.&gi Z//l’d’-c"_(t'/u lfg)
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&U:’ (fi' uﬁ sl 21028 m? ;Z‘('barn')U/L’JWC)JI-‘LV@ QC?,L&K’(Convenient)gﬁ(vgJJlﬂ
_Laftgﬁ(wgg(Cross—sectional areas)u:é-f'?uf(Sub—atomic particle collisions)els
La‘f{(tKL"L’%LJHVQ}Q/?L.@{.CQ&Lyd}é/"/?(Micrometre)/‘fu?L&K’/(micron)w/?ft&(ld?
L}?d/u:ft{l(cm, km, us, I’IS)3s-lﬁ"’:’JA’JW’é%Jﬁ&:L%AW{U{?K’SI-‘LCJ:ﬂ,UB‘LJ’JJ’
~ LW ENE L Sl

(brackets)e’H —a b e tb(§ 081 L 2L et - T bbbl G o e 0l o
&Clgd)dié{)g('g’///ujw:ui"w(g(!(j/»u.‘f}'-g.l:ﬁlg.L.JUL&'K(Power)U:a;"J)Lc‘?{wf'//:”féuﬁ

g e w6 3L Al w6 2 S Indices) sl 3t
cn’=(cm)’= (0.01m)*°=(102 m)’=10°m K2 L€ cmd
LAl C bl G tiflebnlcsmd] Tem® 1102 m3 10.01m3 ¥ if
225G Lt B GEISUIL T b (16T Bl e G S T e (61 C B e G
mA? o (mAP = (0.001A2= (10°A)2=10° A €L sa¢ mA? Z/)u"_fnuffd{[_‘auﬁ;
e mA?10.001 8 Loy
e s Tps-1508 102 m! L Tem! Flem?! = (102m) ! = 10°m™!
e 1x10%st K (100 ) =107
6 10°m® F (kmP = (10°m)2=10°m? ol 20K km?
U 103 m? gjg(mm)2 = (10°m)*=10° m? €L 246 Immn?

e b L o oot (sl ol e e (6125 b 1T S a0 o
110,00,000 « o+ §10° e U Km® | k s ¥ 15 1000m3 (1000 < A+ §'10°
ce U Mm® | M ¥1£10,00,0005
Suse 361 3t 60 AE U K LG Qe $ 28 UL db n L gl—e bl WIfo Py & e § 1
e Qe ALl UG L bW
fwﬁojcg/»v{mﬁwﬁ'Jﬁ{?uu,,{"ﬂgS/)lm_ﬁﬁii.)éé.naffuf“/f&{S’l slmesk) ms!
Lssmets] ms LA FUE S KU EE 3 o Ak (e (U Lol Uit
C 3N A E sl st (L £ FaImerte st oz FE LB L o
e U BRF G e ek e Fn B8 S Lims AU sl FURE Bl (2
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(L L damert i g FEL L den TH L3 P L o fis smelems?
WK[_L&G{%&KM&@VQms Z//I’le_ugfJJL’P'iL(Siemens)u"iVJKl) S (capital Letter)
-?yzu.?;(per millisecond)ﬁ?&&*&”l{w(per millesiemens) u"fbfd'd‘a
'Coulomb)/“f*«)fba N Y1 &/}Lb S L2 mos (L (W )coulomb denc <l jcm
- ALuf(centimetre)ﬁ&;‘fybKu"-(metre'
Bz bt e Sl UBe i il Sl e
_u.‘.f"/lmum(millimicrometre/”-’f;;t&) 10°m = 1nm (nanmetre)
-u.'?;lmmm (millimillimetre/”'fc,w') 10°m = 1pm (micron u:/..C/l.)
4! uum(micromicrfaradé/::’)/?l.u?l.) 10! F= lpF(picofarad,é/::’),g)
_uf.fylkMW (kilomegawatt &laé‘»%) 10° W-1GW (giga watt &’)U)
Ju,fKu/‘LuzlgL‘/JtiugKlJ/?guﬁf_ﬁwint/}u;aj_u'iz.ﬁéug(u,,g;cug;//wd.{pﬁ .
e bt Sy S & S e U 14 oL 1A e
J | joule/mole Kugnga ¥ J mol™! K '\ J/mol K /(u)f/drédﬁ)joule per mole kelvin
L Jper tesla | Joule/T #Zbbd JT | J/ TS (W dJn)joule per tesla-leglaﬂuﬁ/fs /mole K
‘Kngwuﬁ/fﬁJ/tesla
L J/kilog K‘_‘/?-gz.lg W J kgl K'lJ/kg Kz’/(u:gﬂ/;gdﬁ) Joule per kilogram Kelvin
~?ngLaf"/u'.?;»;fﬁ..l/kilogram K | J/kg kelvin | Joule/kg K
100N AL etk $61 S U e Qe (U AL otk SEI S b 3 2 L LTI @
e Jutf MN LN 2L
m? mnt m?
-La&lgd;é}/L/le:}uleli:‘amé‘:gnul.zz1O+3“ §*1000 2
el s 2 e bl b Fms G S S ULE 2 U1 S Ui Gt st 3
2 5L gam Wee bbbt £ AN el (DTS (WD 22 o weight (w) s 5
KUl bUIELb sl g ul m s Wemgi Wl l AUt (Ttalio &2 521 e (Fp G
2 bt e (gram(@) o (metrd (m) X dwat) (W) y ik 8156+
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Jf:cﬂ-(}&lﬁ/o{m e e J anvJJKIJu’?:% &/};U;/(Weight)uj;w e e W=mgielle
F=maebil AGemsmi® e 361507 A6/ 10 6hg ertbse kgertd 361
kg ek § (15U e b e dmertbc nete § (615U e 356/ (Force) = f oF et o2
S KU 1 b b SUI L L s e ms -2t § 3610 U2 265 Dl ta bl
bl Uk 3616 (are)(a). sl(metre) (m) 2 farad) (F) 42U

2)d [(carat) ed 361 (centd) $F301C « [(hour) 28 3614 (hecto) % 3L)h ik LA 51
1) da [(are) 736 Ls(atto) il a «[(tesla) 3K (tera)Z 3T [ (day) s S (decd 5
_;tgtfdjir,&,L/JWID/é,[ (deciare). T 306s(deca ¥s

SHI Gt/ 2 5 )ogsd (kilo) # (o L 10m® 2 (1) 31-STe(kilogram) (L #SK1 5:1 ST
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5l o 14111121012 2.26
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e i L
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F = 3.0x10° N (* F— 20,000x 10 = 20,000%5.0 5.9

=-—20m s20<t< 30 s5.10
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:é/f/?cf/g}/JSOs%t =100 s
x, = 10x 30— 10 x 900 =— 8700 m
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—e Pl Se pU A B UES (a) 5.14
-3 kg ms' £(c) t=4(sc):3kg ms! iy t = 0(b)

S EF L 2 20 kgl 5.15
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a=20m¢;T=400 NI ZS L = 10 ke
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Usbsos S CFa (e 3o b G I KU e T v 2 2o ST S 3L Ul el sop 5.17
U s Sln
Ut S I BSE e [i2= 0.05% 12 = 0.6 kg m-§ 5.18
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-;fu’_%éé (@) bLF 5.26
mg + T, =mv3/R, T,-mg-= mvf/R
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3( &= Rg 30x30 ¢ 23 Jlo36 0y
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T = 640 N T — 400 = 240 (a) 5.33
T =240 N 400 - T = 160 (b)
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