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Angle Sine
1° 0175
2° 0349
3" 0523
4 DE9E
5° 0872
8" 1045
7° 1219
8° 1392
g° 1564

10° 1736
11° 1908
12° 2079
13° 2250
14" 2419
15" 2588
18" 2756
17° 2924
18° 3090
19° 3256
20° 3420
21° 3584
22° 3746
23° 3907
24" ADET
25" 4226
26° 4384
27° 4540
28" 4695
29" 4848
30° 5000
3" 5150
32° 5299
33° 5446
34° 5592
35" 5736
36" 5878
37 G018
38" B157
39" 6293
40" 5428
41° 6561
42° 6691
43° G20
44° 6947
45° 7071

Table of Trigonometric Ratios Js s ghsd AUl

G950
Sa54
SH8E
S97T6
g962

945
9925
Sa03
AaTY
SB48

AB146
A7
744
ST
S654

D613
A563
8511
455
9397

9336
4272
205
5135
06D

JBHER
BA10
BRI
AT46
JBGEED

B572
480
et
B250
B152

8050
TOHE
TBE0
a7l
TG

NELT)
7431
T314
7183
.T071

Tangent

J1TE
JE49
524
659
JBTH

1051
1228
1405
1584
AT6D

1944
2126
2300
2493
s

ZBET
05T
3249
443

JB34
A040
A245
AHA5E
AGGRI

ABTT
S095
L5317
2543
STT4

SB00a
249
5404
BT45
002

T265
7536
JTBLE
058
A391

BE93
004
A325
OE57
1000

Angle Sine  Cosine

45" LT193 G947
47 T34 G20
487 .T431 G691
4g° LTHAT (G561
50° LTG0 Sa28
51° | 65293
52 . TBE0 SB15T
53° .THEEG JGONE
54° L5090 SETE
s55° B192 OT36
567 290 5592
57° 38T 0446
58° 80 5293
59° JBET2 5150
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T8 703 2413
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T8 .97e1 2073
T L5816 1508
8o JGE4B 736
81° L98TT 1564
Bz L5a03 1352
83 e 215
B4 Cadh 04
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8e” 0A9T6 0658
ar G986 0523
Bg” L5a04 0345
Bg” L5908 0175
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19.0811
2B.6363
572500
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List of symbols 4 ¢l gaam g) Ali
a-Constant, radius, distance
A,B,C-Points
A-Area
b-Width,distance
c-constant
C-Centroid
d-Distance
e-Base of natural logarithm
F-force,friction force
YF-Resultant- Force
Fori-principle - Vector
g-Acceleration of gravity
G-Center of gravity ,constant of gravitation
h-Heigh, sag of cable
1,j,k-Unit of Vectors along coordinate axis
I,Ix-Moment of inertia
I- Centroidal moment of inertia
Ixy — product of inertia
Jo-Polar moment of inertia
K-Spring constant, coefficient of Rolling friction
Kx,Ky,Ko-Radii of gyration
K-Centroidal radius of gyration
I-Length
L- length, spa
m-Mass
M-Couple, moment
Mo-Moment about point O
MoR-Moment resultant about point O
Mopri-Moment resultant about point O
M-Magnitude of couple or moment ,mass of earth
M ol -Moment about axis ol
N-Normal component of friction
O-Origin of coordinate
P-Pressure force
p-Pressure
P-Force, Vector
Q-Force, Vector
g-Load per unit
r-Position Vector
r-Radius distance, polar coordinate
R-Resultant force ,resultant vector , reaction
R-Radius of earth
s-position vector, Reaction force op supports
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s-Length of arc

S-force, Vector

Sx,Sy,Sz-first moment of an area

t-Thickness

T-force

T-Tension

U-Work

V-vector product ,shearing force

v-Volume, potential energy, shear

w-Load per unit

W,W-weight, load

Xa,XB,Xc,Ya,YB,Yc, -Reactions at supports and Connections
X,y,z-Rectangular coordinates , distance
X,y.z- Rectangular coordinates of centroid of center of gravity
o,f3,y-Angles

y-specific weight

&-Elongation

&,-Virtual displacement

&y-Virtual work

A-Unit vector along a line

n- Efficenty

©-Angular coordinate ,angle, polar coordinate
u-Coefficient of friction

p — Dnsity

@, ®-Angle of friction

Signs and symbols
Equalto =
not equal to #

Identicaly to =

Q

approximatelly equal to

IR

asymptotically equal to
proportional to «
infinity oo

tends to —
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WHAT IS AN ENGINEER AND WHAT DO ENGINEERS DO?

The answer is in the word itself. An er word ending means “the practice of.” For example, a
farmer farms, a baker bakes, a singer sings, a driver drives, and so forth. But what does an
engineer do? Do they engine? Yes they do! The word engine comes from the Latin
ingenerare, meaning ‘“‘to create.*

About 2000 years ago, the Latin word ingenium was used to describe the design of a new
machine. Soon after, the word ingen was being used to describe all machines. In English,
“ingen” was spelled “engine” and people who designed creative things were known as
“engine-ers”. In French, German, and Spanish today, the word for engineer is ingenieur.
So What Is an Engineer?

An engineer is a creative and ingenious person.

What Does an Engineer Do?

Engineers create ingenious solutions to society’s problems.
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System of Units & measurement in Mechanics

Principal Sl Units Used in Mechanics

Quantity Unit Symbol Formula
Acceleration Meter per second squared s m/s”
Angle Radian rad t
Angular acceleration Radian per second squared . rad/s”
Angular velocity Radian per second . rad/
Area Square meter e m*
Density Kilogram per cubic meter L kg/m®
Energy Joule ] N-'m
Force Newton N kg - m/s
Frequency Hertz Hz s
Impulse Newton-second . kg - m/s
Length Meter m {
Mass Kilogram kg i
Moment of a force Newton-meter . N-'m
Power Watt W Vs
Pressure Pascal Pa N/m?
Stress Pascal Pa N/m?
Time Second s H
Velocity Meter per second . m/s
Volume

Solids Cubic meter . m’

Liquids Liter L. 10 °m?
Work Joule ] N -m

f Supplementary unit (1 revolution = 27 rad = 360°). 2l 5 b
{ Base unit.
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Second T

The second is the duration of 9 192 631 770 periods of the radiation corresponding to the
transition between the two hyperfine levels of the ground state of the cesium 133 atom.

9 yiddX jhiaraigig Sl (Sagilag B I CoD2 annsud (S e dn a2 aliald e Jl 4dd 5 4xa
LS ) al Jge e s 599005 192 631 770

ced e 43X il 5 0 4R 2 1/86400 2 A 5 s s e
cosslail =24 h = 24(60 min) = 24(60)60 s = 86400 s
1s = 1/86400 45 _»
P S e (2
CCa g gl AliS ¢ gay sl A gl Al (S8 (5000 sE AT e ] ) (S Al i 4 (5 a8l s S e
[-m m—-—Kgt—s
- Sopllanin (S GasSm 4y (s L sl

Kilogram al S shs
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The kilogram is the unit of mass; it is equal to the mass of the international prototype of
the kilogram.

C s A ASTKG (4sloiln) 4°C (2 4n A (o 4l (B b (5 ki CaSa i g
s CGS (3
4l ol S ¢ e il s M Aisanl 5 10 (o sopestie 43R a5 0 a6 0
cm,g,s; 1m=100cm ; 1kg=1000g
Le Systeme International d’unités (433 25 (s il s A1) s J) 93 5 (4

o> 03 4d Al 5y MIKS ¢ 58 gt (S G sl 4a (S IS 5030 1960 40 (o3 (52 plses (5 55 Jie J) 50 i 428

s g Unitas) s o 5< o jlaila Name Jsran CueS
L i m-meter Length Lx:r.. 52
M 1S 4LS kg-kilogram Mass massa m 4li
T 4316 s-second Time tempus t A
e) oS k-kelvin T/d Temperature T (Salind 5 yia
temperatura A )0 (A
I ! A-Ampere Electric Current I o8 Gl (A
Js« mole Amount of n BN
Substance
J LS cd-candela Luminous Intensity I, o8 adali)

(82 5 98 Sl 43X (5 gl 8 3 Jmen x> 32 0 intensité de courant
62 58 Jiwd) 44X iprensio 2 a5 G s nUMErus 2 GSY 2 Jssen )laia g3l ga o

“):\;\S ‘4.3:;\5.5}\4:\..1& Lﬁﬁ}\)“ﬂ;)d‘é)}}‘Hﬁ‘&cu‘d:\gdwm&ﬁ}h‘j‘)@_j&éue\usldﬁ‘j}sﬁ}dg
Jdmm — Hg’ mm—H20‘4%S‘):\A‘;A}JLA;\u ol s Js)bce})m‘ms)lq &A‘Jm‘)“dzbﬁ‘dj }‘)ﬁﬁ\cgﬁ
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5l o) Osiaag Ses i eabuatieal jica sl sesa 1S (S sl e sl

The kelvin, unit of thermodynamic temperature, is the fraction 1/273.16 of the
thermodynamic temperature of the triple point of water.

2343 11/273.16 53y i (gm0 (53 3 (2 Dl (Sawlinge 13 paghrAs o g (sl 0

The Amper is that constant current which, if maintained in two straight parallel
conductors of infinite length, of negligible circular cross- section, and placed 1 metre
apart in vacuum, would produce between these conductors a force to 2x 10~7 newton
per metre of length.
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The mole is the amount of substance of a system which contains as many elementary
entities as there are atoms in 0.012 kilogram of carbon 12: its symbol is *mol*.

Ssasi) 312 RS 0.012 kg 2 el 50 5w pe sl 3 (o (63 e dara sl se s o (Sl pdridse
.&Jmol(n,N)@dw.g}G&ﬁayMu

The candela is the luminous intensity, in a given direction, of a source that emits
monochromatic radiation of frequency 540x 1012 hertz and that has a radiant intensity
in that direction of 1/683 watt per steradian.
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Gl b 2—watt/sr 2L oA A o) SheR oy i S0 8 ¥ a 540x1012Hz 4 3k s d
Physical quantities 45 sissS S 8
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The metre is the length of path traveled by light in vacuum during a time interval of
1/299 792 458 of a second.

RES 1 N - PR s . -
.@}éﬁhmsﬂéh‘ﬂd@b)@&dé\}dij\w\}mdﬂ

Measuring the meter Len gth

(00 5 0:01 s In 1960 an atomic standard for the meter was also established, using the wave-
length of the orange-red light emitted by atoms of krypton (*°Kr) in a glow dis-
Liaht charge tube. Using this length standard, the speed of light in vacuum was

g i -
source | Light travels exactly ! measured to be 299,792,458 m/s. In November 1983, the length standard was
299,792,458 min | s changed again so that the speed of light in vacuum was defined to be precisely
200,702,458 m/s. Hence the new definition of the meter (abbreviated m) 1s the
distance that light travels in vacuum in 1,/299,792,458 second. See Figure. This

provides a much more precise standard of length than the one based on a wave-
length of light.

S @A s eusd dlus 3l A sisle sl jalald (o) gkl Jad yiln4al g S 4l ) siul

1

1im=——— “\
10 000 000 i

b Y SS (s s o om sl 4 Ca s sl ) 43R i 1110% ) 253830 90% 2 (o e Sl
oy (R (5523 ok nlaliie g SN0 yieaSA sicg S sl laidli llin Ko (S L dy o 4S&c s S5 s
AR 4 X Lo K788 le (st S a0 Jl (630 (6 S Aniliac a4 () Alie 43X i g9 (500 (o

1m = 1650763.731 g 4 65 Sbae 4 s g 5,58 Jlunadl

A=0.5 um =5000A4° 6> My @220 gsin S A,
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The Metric System Prefixes

Prefix Label Decimal Value Scientific Collog
yocto y 0.000 000 000 000 000 000 000 001 10 septillionth
zepto z 0.000 000 000 000 000 000 001 10% sextillionth

atto a 0.000 000 000 000 000 001 10" quintillionth
famto f 0.000 000 000 000 001 10" quadrillionth
pico p 0.000 000 000 001 10" trillionth
nano n 0.000 000 001 10°* billionth
micro 1] 0.000 001 10° millionth
milli m 0.001 10° thousandth
centi c 0.01 104 hundredth
decl d 0.1 10" tenth

— — 1 10° one
deka da 10 10’ ten
hecto h 100 10? hundrad

kilo K 1000 10° thousand
mega M 1000 000 10* million
giga G 1 000 000 000 10* billion
tera T 1 000 000 00D 000 10" trillion
peta P 1 000 000 000 000 000 10" quadrillion
exa E 1 000 000 00C 000 000 000 10" quintillion
zetta Z 1000 000 000 000 000 000 000 10% soxtillion
yotta X 1 000 000 000 000 000 000 000 000 10 septillion

(4°) 1 Angstrom = 1071%m
1Fermi =10"13m
(g oplleniaal o Ll o1 oS0 Jlaila (a5 o 0K (B) )i 2 A° s il o2 5 S 435l
S8 Jidl) 4R 43X (Calipers)2s) oS 3o )l 535 ki st Kol 1) 53550555 9 9 2
:d sl Y 53 sas) 53 volume 43R (5 gl a)ana o) Cialie 3 4l ja dgaal o0 52,60
1dm=01m=10"'m
1em=0.01m=10"%m
1mm = 0.00lm =10"3m
1dm? = (1dm)? = (1071 m)? = 1072 m?
1cm? = (1cm)? = (1072 m)? = 1074 m?
1mm? = (1mm)? = (1073 m)? = 107® m?

1dm3 = 1dm)3=(10"1m)3=10"3m3

1em® =1 cm)® =(10"2m)3=10"°m3

1mm3=(01mm)®=(10"3m)3=10"m3
1dm3 = 1liter(L)

1liter =10°mL =103cc =>1cc=1mL
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Basic quantity of time and its Unit
A S Tempus 433 oY o

pode B 53,55 (S5 S0 pu Jg0 plailedy o (S iy (S ohIAg Smdara B Ls L e jlail a5
LA g

s

s e e ailinl i g 4aX Lalis e Jie g0 sung900 (53O ke

186400 T
24 h = 24(60 min) = 24(60)60 s = 86400 s o3 ssbuag yy gl arlion
. — 1 < » KES
,o)u‘;;).jls_864003$)J5\w3403§}m@b9ﬁ
Time

From 1889 until 1967, the unit of ime was defined as a certain fraction of the
mean solar day, the average time between successive arrivals of the sun at its high-
est point in the sky. The present standard, adopted in 1967, 1s much more precise.
It 1s based on an atomic clock, which uses the energy difference between the two
lowest energy states of the cesium atom. When bombarded by microwaves of pre-
cisely the proper frequency, cesium atoms undergo a transition from one of these
states to the other. One second (abbreviated s) is defined as the time required for
0,192,631,770 cycles of this microwave radiation

O =090 Sigdalg 3 o g
Conversion from one system of unit to another
Time: Pdy

1min =60s = 1.667x1072 h = 1.901x107° year
1h =3600s = 60 min = 1.141x10"*year
1 year = 3.156x107s = 5.249x10° min = 8.766x10% h

Length: P PLPY)

1m =103 mm = 10?2 cm = 10 dm = 39.37 inch = 3.28 ft = 6.214x10™* mile
14°(angstrom) = 1071%m

FJ8 s
1ly(light yera) = 9.46.x10'°> m

Area: : Caloia

1m? = 10° mm? = 10* cm? = 1.55x103 in? = 10.67 ft? = 5x10~* jarib <~
1 hectare = 10 * m? = 2.471 acre = 5 jarib

Volume: Y CEN

1m3 =10° mm3 = 10° cm3® = 103 dm3® = 103 Liter = 35.3 ft3 = 6.1x10* in3
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1 gallon = 4.546 liter = 4546 dm3 = 277.3 in3
Mass: ; Alis

1kg = 103 gr = 2.2 Ibm = 0.0685 Slug

1Slug = 11bs.sec’ 322 Pl sec?
ft T e

1Slug =14.6 kg

= 32.2lb,, = 14.6 kg = 1.46x10* g

Force: X
1kg*=1kgs=1kg, =9.81N = 2.21b; = 10° dyn = 107> ton *
Energy: tg A

1 Joule = 107 erg = 0.239 cal = 9.5x10™* Btu = 0.7376 ft.lbf = 2.78x10~7 k Wh
= 3.72x1077 hph = 0.102 kg.m = 6.242x10718 eV

lcal =4.2]
Power: s ous b Ol
1hp = 550 ft.g = 746 watt = 746 joule/sec = 7.46x10° = = 1'783"51026“1
= 0.71Btu/s
Pressure: . L

1.36x107* Ibf 10 dyn

1 N/m? = 9.265x107% atm = =10"%bar =1 Pa

in? cm?
., 1.013x10° N .
1atm = 147 Ibf /in* = ————— = 1.013.x10° Pa = 0.76 mHg = 1.058 mH,0
m
Temperature: DA (Agagha
K =273 +°C

°C = 5/9(°F — 32)
°F = 9/5°C + 32

MJJJ\%J\Pché}lJJAC@:c@JJ%A -1.5
Numerical Accuracy
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déo)ﬁ@\id&ubﬂ(:g9)413@)“}4495\:14.\”‘94
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—13.856 Ry — 103.923 — 69.282 + 400 + 100 =0
135S a0 B Janll (uSle 2 8 2431 (A e 4l

R, = 326.795 _ 23.584 kN
H™ 13856 = 7

9sS wasl s 258 M Ry sl Rx 2 4
YF, =0=>R,+ Q.cosp + Ry.cosy =0 =>R, =—36.792 kN

ZFy =0=> Ry — GAB — GBC — GDC - GDH + QSlnﬁ + RH.Sin)/ =0

Ry = 34.915 kN
Dssm A3 Jsdn s il
M, (Q) M,(P) z M, (G h Ry Ry Ry
69282 | 103923 | 400 —13.856 | —36.792 | 34.915 | 23.584

s Jsns 5

e Sl S (5 g5 Jpadi g 58 Janll (e 3 (558 0 38 ) (53 TS 533 (o> 40 sane sTiasa 3 )5 s
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ey

Z M, = —Ry3.464 cosy — Ry6 siny — P 1.732 + M + Gpy5 +
Gpc 1 —Gpc3—Gpp 5+ Ry 6+ R, 3464 =0

Croady) (Bda -3.10
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p=1KN/m P=25Kkn,
Q =11 kN, M = 30 Knm,
a=60°, 3 =230° v=230°
AB =5m, BC =6m,
CD =8m, DH = 6m
CK=2m, (N =3m,

p=2%xN/m, P=6xkn,
Q =12 kn, M = 50 xkNm ,
o = 60°, 3 = 30°, v = 45°,
AB=4m A BC =4m ,
CD=10m , DH = 6m ,
CK =2m,CN =2m.

p=3%kN/pn, P=8%kn,
Q=13 kN, M =70 KNm,
a = 60°, 3 =45°, v = 60°,
HB =3m, 6 BC =6m,
CD=10m, DA =6m,
CK=2m,CN =3n.
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M

M
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p=1%kN/m, P=6xN,
Q=14 xN, M = 30 xkN.m,
a = 60°, 3 =45° v = 30°,
AB=4m, BC =7 m,
CD =13m , DH = 4m |
CK=2m ,CN=3m.

p=2%N/m P=Txn,
Q=15 , M =50 kN.m,
a = 60°, 3 =45°, v = 45°,
AB =5y , BC = 4m |
CD=14m,DH =6m,
CK =2, ,CN =2m .

p=3KkN/m P=8xn,
Q=16 xn, M =70 xkNm,
a = 60°, 3 =45 v = 60°,
HB =6m, BC = 6m ,
CD =1Im , DA =4m |
CK =2m CN = 3n .
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7.
B ﬁh:
M Q
o
A 1]
B ,BK:-
M @
o
A
9. [Py
3 /.
iz
M
i ¥
o

siala 3 gena 1l sSd

p=1xn/m, P=TEkn,
Q=17TxN, M =30 kN .m
a = 60°, B = 60°, v = 30°,
AB =4m BC =11m
CD =6m ,DH =6m,
BK =3m [ CN =3m.

p=2%N/m P=8xkn,
Q=18 kn , M = 50 kNm
a = 60°, 3 = 60°, v = 45°,
AB =6m , BC =10m,
CD:ﬁm,DH:EIm,
BK =3m ,CN =3m.

p=3xnN'm P=90xkn,
Q =19y, M =70 KNm,
a = 60°, 3 =60° v =60
HB =7m, BC =11m
CD=4m DA=4m,
BK =3m,CN =2m,
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p=2xnN/m, P=8 KN,
D H Q=20xNn M =50 kK N.m,
o a'’/ B A a = 60°, 8 =60° v =45°,
3, N AB=6m BC =8m,
g8 A CD =4m , DH = 3m ,
K BK =2m CN =2m .
sl 52
Ms(Q) | Ma(P) | SxMa(Gr) h X4 Ya Ry
KN.m m KN
1| —104500 12990 —2435 8.696 | —34.901 | 12.963 [ 35.074
2| —84.000| 10.392| —468.0 13.107 | —30.914 | 27.478 | 37.508
3 18.385 | 27.215 487.5 —14.258 | —22.341 | 47.561 | 42.298
4| —74.862| 20.785| —104.3 4.464 | —28.795 | 23.526 | 28.746
5| 26136 | —12.124 | —187.0 9.571 |  5.480 | 38.307 | 12.850
6| —85.259 | —6.928 754.5 ~9.526 | —41.750 | 3.112 | 76.873
7| —44.167| —-6.062| —251.5 6.500 | —34.704 | 20.820 | 41.805
8| —46.765 | —20.785 | —487.0 7.778 | —44.868 | 23.720 | 64.867
9| 131.636 | —15.588 281.3 ~9.526 | —24.027 | 51.973 | 49.054
10 | 138564 | 27.713| —313.0 12.538 | —23.455 | 19.225 | 7.714

siala 3 gena 1l sSd
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O NS PRV P YO PRETCA P
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Mp(Q) =Q 5= (4)5 =8kN.m
D008 e 2
G =a.b.h.y =1(0.7)4(24) = 67.2kN
DA s Bajkal e sa s plaly o S
b 0.7
My(G) = G 5 = (67.2) =~ 235 kN.m
DG sl o
_ My(6) 235
Mp(Q) 8

K ~ 2.94
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Principal Sl Units Used in Mechanics

Quantity Unit Symbol Formula
Acceleration Meter per second squared e m/s”
Angle Radian rad t
Angular acceleration Radian per second squared e rad/s*
Angular velocity Radian per second . rad/s
Area Square meter . m”
Density Kilogram per cubic meter e kg/m®
Energy Joule ] N-m
Force Newton N kg - m/s
Frequency Hertz Hz 5
Impulse Newton-second . kg - m/s
Length Meter m i
Mass Kilogram kg i
Moment of a force Newton-meter . N-m
Power Watt W /s
Pressure Pascal Pa N/m?
Stress Pascal Pa N/m?
Time Second s i
Velocity Meter per second e m/s
Volume

Solids Cubic meter . m”

Liquids Liter L. 10~ *m®
Work Joule ] N -m

f Supplementary unit (1 revolution = 27 rad = 360°). =l s
{ Base unit.
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f Supplementary unit (1 revolution = 27 rad = 360°).

{ Base unit.

scdlez) g 1320 siaa

Prefix Symbol Power
exa E 108 = 1000 000 000 000 000 000
peta P 10> = 1000 000 000 000 000
tera T 10%2 = 1000 000 000 000

giga G 10° = 1000 000 000

mega M 10° = 1000 000

kilo k 103 = 1000

hicto h 102 = 100

deca da 10 = 10

meter m

deci d 1071 =0.1

centi C 1072 =0.01

milli m 1073 =0.001

micro i 10~% =0.000 001

nano n 10~2 =0.000 000 001

pico p 10~1? =0.000 000 000 001

femto f 10~15 =0.000 000 000 000 001

atto a 10~18 = 0.000 000 000 000 000 001

Plane Geometry

1.When two intersecting lines are, respectively

, perpendicular to two other lines, the angels formed

By the two pairs are equal

2. Similar triangles

x h—-y
b h

il

b

| Coer ]
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h
3. Any triangles l
1 b
Area ==bh
2
4, Circle
Area = nr?

Arc length S = r60
Sector area = %rze

5. Every triangle inscribed within a semicircle is

aright triangle
g g 6, 6,

HI+H2:H|'F2

6. Angles of a triangle 6,

0, + 6, + 0; = 180°

64 B4\ 64
Solid Geometry
1. Sphere L
L e
4
Volume = §7rr3
Surface area = 4mr?
2. Spherical wedge
ey
N
- I
-1

Volume = §r30
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3. Right-circular cone

Volume = =nr?h

Lateral area = wrL

4. Any pyramid or cone

1
Volume = 3 Bh

Where B=Area of base
Algebra
1. Quadratic equation

ax’?+bx+c=0

B —b ++Vb?% — 4ac
B 2a

X

2. Logarithms

Natural logarithms

;b? > 4ac for reals roots

b* =y,x = logyy

b=e=2.718 282

e* =y,x =log.y = Iny

Log(ab) = loga + logb

log (%) = loga — logb
1
log (;) = —logn

loga™ = nloga
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logl =0
log10* = 0.4343Inx

3. Determinants

2" order
a, by
=ab, —a,b
a, b 102 207
3 order
aibycq
a2b2C2 = +a1b2C3 + a2b3C1 - a3b1C2
asbscs

_a3b2C1 - a2b1C3 - a1b3C2

4. Cubic equation
x3 = +BAx
A

LetP = ;,q = B/2

Case I: g% — p3 negative (three roots real and distinct)
Cosu = q(pﬁ),o <u<180°
u
x, = 2,/pcos (5)

Xy = 2\/5 cos (g + 120°)

X3 = 2\/5 cos (% + 240°)

Case Il: g% — p3positive (one root real , tworoots imaginary)

X = (q +4/q? —p3)1/3 + (q+«/q2 —p3)

Case lll: g% —p3 = 0(three root real, tworoots equal)

1/3

1/3 5 — o — _1/3
B3,x = x5 = —q"/

X, = 2q

For general cubic equation
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x}+ax*+bx+c=0
Substitute x = x — %and get x5 = Axy + B.

The proceed as above to find values of x, from which x = x, — a/3
Analytic Geometry

Straight line 1.

2. Circle | 1
|
|
|
. L
|
Bl
|
Zay2=r2 I__G__i____r
3. Parabola (x—al+@y—bP=r2
4. Ellipse
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5. Hyperbola

Trigonometry

1. Definition
] a
sing = —
C
p a cosd =b/c
& cosl = 2
b
tan6 = a/b
secd =c/b
2. Signs in the quadrants
(+) I I (+)
” N o
-6 = I 87T
ﬂ‘éiﬂ_] (_‘|. &:L (—) }"/;| 1 ::\ 1 (+)
m- IV
| | i v
sing + + - -
coso + - - +
tago + — + —
ceso + - - -
secd + - - +
cot@ + - + -

3. Miscellaneous relation
sin%0 + cos?6 =1

1+tan?0 = sec?6

siala 3 gena 1l sSd
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1+cot?6 = csc?6

" ,1 _
Slng =3 (1 —cos0B)
0 /1

COSE =3 (1 + cosB)

sin20 = 2sin 0 cos6O
Cos26 = cos?0
sin(a + b) = sina cos b + cos asinb
cos(a + b) = cosa cosb +sinasinasinb
4. Law of sines

a sinA c
b sinB

5. Law of cosines
c? =a%®+ b?—2abcosC

c? =a®+ b?+2abcosD

Ceries
(Expression in brackets following series indicates range of convergence.)

(n—-1) 22 +n(n— D(n—-2)

n
1xx)"=1txnx+ x3 4 [x2 < 1]

2! - 3!

X XX ,
smx—x—§+§ 7+ [x < o]

_q x? x*  x® ,
coSx = —§+Z—a+ [x° < oo]
_ _efte™  xP x® 7 ,
smhx—T_x+§+§+W+... [x2 < 0]
b _eft+e™ o ox? x* x® ,
cos x—T—1+Z+Z+a+--- [x? < 0]
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ao = nmx nmx
fx) = > Z cos—+ bnsianx

n=1 n=1

Where a,, = %f f(x)cos—dx b,, —f_llf(x) sin#dx

[Fourier expansion for =1 < x <[]

Derivatives
n d(E) v du _ u dv
di:n n-1. d(uv)—u@_i.vd_u- v — dx dx
dx " odx dx dx ' dx v2
limp,_ Sin Ax = sindx = tandx = dx
limp,_ocos Ax = cosdx =1
d sinx dcosx . dtanx 2
= CoSX; = —sinx; —— = sec“x
dx dx dx
dsinhx _ d coshx . dtanhx
2% = coshx = —sinhx; = sech®x
dx dx
Integrals
L1
fx” dx =
n+1
dx
— =Inx

fVa+bx dx— 2 \/(a+bx)3

2
]x\/a + bx dx = Tcp? (3bx — 2a)+/(a + bx)3

2
[ x*Va+ bxdx = — (8a? — 12abx + 15b%x?) + ./ (a + bx)3

j X _2\/a+bx
Ja+bx b
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Va+x a+x
dx = —Ja+x+vVb—x+ (a+ b)sin™?
N @+ D
f X% _ L la+ bx — aln(a + by)
a+bx_b2[a x — aln(a + bx)]
f xdx  (a+bx)'™ (a+bx a )
(x + bx)" b2 2—-n 1-n
f dx 1 . _,xVvab 1 . h_lxv—ab
= an or an
a+bx? /ab V=ab

xdx 1
= 2
J‘a+bx2 2b n(a + bx*)
1
f\/xziaz dxzi[x x2 + a? + a’In(x + /x2 + a?
1 X
j\/az — x2 dx =E(x\/a2 —x2 +a? sin‘la)

jx\/az —x2%dx = —%m

2
x a x
szx/ a? —x?dx = =74/ (a® —x%)3 + g(x a? —x? + a*sin”! E)

1 2
fx3\/ a? — x2dx = —g(xz + gaz)\/(az —x2)3

f dx
va + bx + cx? c

NG
-1 _1( b+ 2cx )
—Ssin" (——
v—c Vb2 — 4ac

dx
f— =In(x +/x% £ a?)
Vx? + a?

dx X
——— =sin" "=
a‘ —x a

[F== e
[ === sfaaw
vasxTrx

MJ}AM d\}S\:\l
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1

jx x%2+ a?dx = §\/(x2 + a?)3
x a? a?
fxzx/xz +a2dx = 7 (x2+a?)3 + gx\/xz +a? — gln(x + (x2 + a?)

fsinx dx = —csx

fcosx dx = sinx

1 1+sinx
fsecxdx=—ln—_
2 1-sinx
f 2y d X sin2x
sin“x dx = ——
2 4
f 2, d x+sin2x
cos“x dx ==
2 4
_ sin®x
fsmxcosxdxz >

fsinhx dx = coshx
jcoshx dx = sinhx
ftanhx dx = In cosh x
flnxdxlenx—x

eax
]eaxdx =—
a

eax
]xe“xdx =—(ax—1)
a

e (asin px — p cos px)
a? + p?

] e sinpx dx =

e (acos px + p sin px)
a? + p?

e cospx dx =

2
esin’x dx = a sin®x — sin 2x + —
4 + a2 ( a)

J
j
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ax

ax 2 —
e cos“x dx =
4+ q?

2
(a cos?x + sin 2x + =)
a

ax
a

eMsinx cosx dx = (E sin 2x — cos 2x)

4+ q?
COS X
sindx dx = — 3 (2 + sin’x)
sinx

Q
Q
%)
w
=
L
=

=— (2 + cos?x)

: 2 ., +1 . =
= sinx — =sin®x + = sin®x
3 5

xsinx dx = sinx — xcosx

xcosx dx = cosx + xsinx

2

x?sinx dx = 2xsinx — (x? — 2) cos x

x?cosx dx = 2x cosx + (x? — 2) sinx

—_— —— — Y
S
c,)U'l
b
Y
=
I

[ [+@]

Radius of curvature

ka‘Q = r2+2(dr)2 d2r

a6) "Tae?
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11-Useful tables
Physical properties
Density
Kg/m3 Kg/m?3
Pgtm, 20 °C 1.262 Iron(cast) 7210
Air
Aluminum 2 690 Lead 11 370
Concreate(av.) 2 400 Mercury 13570
Copper 8910 Oil(av.) 900
Earth wet(av.) 1760 steel 7 830
Dry(av.) 1280
Glass 2 590 Titanium 3080
Gold 19 300 Water ( fresh) 1 000
(salt) 1030
Ice 900 Wood(soft pine) 480
(Hard oak)
800
Typical values of coefficient of Friction
Contacting surface Static, i Kinetic,
Steel on steel (dry) 0.6 0.4
Steel on steel (greasy) 0.1 0.05
Teflon on steel 0.04 0.04
Steel on Babbitt(dry) 0.4 0.3
Steel on Babbitt(greasy) 0.1 0.07
Brass on steel (dry) 0.5 0.4
Break lining on cast Iron 0.4 0.3
Rubber tires on smooth pavement (dry) 0.9 0.8
Wire rope on iron pulley (dry) 0.2 0.15
Hemp rope on metal 0.3 0.2
Metal on ice 0.02
Solar system constant
Universal gravitational constant G=6.673x10"11 m3/kg.s?
Mass of Earth m, = 5.976x10%* kg
Period of Earth rotation’s (1sidereal day) 23h56min4s=23.9344h
Angular velocity of Earth w = 0.7292x10*rad/s
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Mean angular velocity of Earth-Sun line w' =0.1991x10"°rad/s
Mean velocity of Earth’s center about Sun | 107 200 km/h
Body Mean Eccentricity | Period | Mean Mass Surface Escape
distance to | of orbit of diameter | relative | gravitational | velocity
Sun km e orbit km to acceleration | Km/s
Solar Earth | m/s?
day
Sun - - - 1392 333 274 616
000 000
Moon 384 398 0.055 27.32 3 0.0123 | 1.62 2.37
467
Mercury | 57.3x10% | 0.206 87.97 5 0.054 | 3.47 4.17
000
Venus | 108x10° | 0.0068 224.70 12 0.815 |8.44 10.24
400
Earth 149.6x10° | 0.0167 365.26 | 12 7422 | 1.000 9.8213 11.18
Mars 227.9x10° | 0.093 686.98 6788 | 0.107 3.73 5.03
Jupiter | 778x10° | 0.0489 43333 | 139822 | 317.8 24.79 59.5
Jupiter is not a solid body
Properties of plane figures
Figures Centroid Area moments of
Inertia
.-"'f-ﬂ"
.-f?. Ci'lll
- Q o — G _ _
Arc Segment 3 r— .' ¥ = (r sina)/a —
- !
Quarter and &emicirculal 1—'51 Cs
/ _ 2r
— _.c y=— _
II | o sl _I
¥ mrt
| L=1,= e
AN i
| [ - ==
Circular Area | M —— 1— x

Jssd
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4
¥ r
B k=b =g
| ' _ 4r _ T 8 4
Semicircular r Y=z = <§ — %) r
Area roly e
| LY (R I, =—
4
¥ rt
| Ix = Iy = E
| N=1,
- = _ _ 4r T 4
Quarter-Circular x X=y=-— =(—— _> 4
Area _ 3n 16 9n
¥ art
=5
L
r# _
2 rsina = 7 (a— > sin 2a)
Area of Circular X = 3
. a
Sector I
y
r# 1
= Z(cx +§sin 2a)
1
I, = Er‘*a
bh3
Rectangular Area L, = =
Yo
! _ bhd
| _ X —_ -
| S A 12
i — h
- I, =—(b*+h?)
b 12
bh3
|"-—ﬂ 'II_ —"'Il Ix _ E
“T s/ C I".II _a+b
X =
Triangular Area - ) h x 3 _ bhd
T\ L
SRR n 36
< b B | Y= § / B bh3
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_ mab®
=
Area of Elliptical T 12
Quadrant 4 [ = (— — —) ab3
J|’ 7= xa x 16 9m
| 3T _ na3b
—— y =
ble—X oy x N _ 4b 16
_ y ==
Y L, 31 7 —(£_i>a3b
a Y 16 9m
nab
=77 (a23+ b?)
Subparabolic Area L. = ﬂ
x 21
___3a
X =g | _a’b
y=—
_ 3b >
Y=g a® b?
IZ =ab ? + —1
2ab?
X = 7
___3a
¥~
, 2a3b
3 y =
V= — 15
Y=
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