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NQIAH-D
Wﬁaﬂm BUNMGBYT (Mechanical Properties of Materials)
N G, T A2 FOPSTEA WO FH Y 3N 0T 959, T 207 37 89 IS AL | G511
FH FUF Y, (molecule) I | TYSTET 5FH FH BOZINF (SNASRIT G JRACEF LT
fSf$2B (Building block) I T | ATSIHB0 M NS TN WYSTAT AT=NII AN AT
3¢ OITAR N(HT ™ & ATNCTT FIFN BN AR | A PN B AN B
(Intermolecular space) I | Vj@? ﬁW & PPN fNig IR AT 513511‘3‘ qC<T (Force)
WYY FE| 9 IR WS e (Intermolecular force) ICeT | ATHIIVTONT NS | T@T‘Tﬁﬁs
WIFFCNR FICT ST RITRH T W11 AT 8 FIRIF 51 v e »f& R
AL TR I TS AT I OIS Bl NI A(S =T, O [ROAT, 1255 H ARTSN T @
LY 432 (G 2O A1 TN @ WS TTOIeTdh G SRS TN & T FGTUEA 8
fRxfiororafs RBIRTOSNI RARNIH 8 STAG FT =
AT FORTAT B T IR ACH | < B T (QARZICE I &3 0T | AW &3f AP, T2A-
(P) ALY W(General property) d<} (¥) IS[E W(Special property) | (X oxf FNERM ST 2mee2
T, TP M SR 3 0T | AWM SR A STAT 2
3G, f37efe, RfeRFel, ©a, TNy, Mool 5@, Sivarel, WS, W2y, Sitzqer,
fRIererer, T ZToNfi | SR, (T 4 517 2MIF (2, (AT (@A AT MR, OF &
TR T &3f (| (T - o=,
FIOT, SRS, FHol TSN 4X-(FIA FOW AMIAT WIR, T I AT M (N2 | WO,
] FfO AT "RET 43| TR, IFF A ML BN I AT FAE (T GRS (I3
AP =, OIP I PP W(Mechanicalproperties) JCeT | g AW (T QRIS A IR
FRACT I7 BN AT I AYST T OIS I AANHIA AT B8 TW WY ARTF IAH
JI4T AN FACS A, OF & AW TS BN 0T |
*ma FS SIS fmamA
S Wﬁﬁﬁ/“ﬂ’@ (Strength) U1 ST (Hardness) | 9|1 EC@LW (Toughness) 81 9% 9T (Brittleness) & |
TGO (Stiffness)\u | TNNTST (Ductility) 4 | FEfSZIFST (Elasticity) b1 2FEHIG (Plasticity)
&1 19 HROI (Malleability) Y0 | B¢l (Creap) 51 TGS SIefy 8 STz Sy (Fatigue strength and
endurance limit) S| W@ﬁﬁﬂ%‘ﬂ'@ (Resilience)
Hrox (Stress):
I O WIS ARSI G I61 FIAT AMRRAIF TS IACE I I NG WFHS WAFIO®
LTS (G FA| IBI JFF CFLAF BT JI JMNBIN AfSTG IeAF AOH (Stress) I |
TSRS, (FIAT IBA G2F AR (O I AT FAA B0 I W HATINO© A4 G A&
JACSH UM FAS (BT FE, T I8I WIS AfSfa, I A 2| WodR, 2AfS 975
CFIPEART BT (T ATV AT I (G FE, O AT A stress I | (XY IBT ArSFSAY
ARSI 39, TS I T & RAIOYR, ©12 BT 473 CFAPEAL G2 TS 04 -




)

TUSANICP MTION IRAN] 9] N CRIN Q&L A CPEPLET] VMK P 99T QLAI2T <P RUET VP 98D LPP

PP BT MG AT R LT fs‘”ai

CFaPe
HNog 95
INHIT ST AT I, (BFOy/INAN (kg/cm?) G TR, (S.I) VA OTS JFF,
G/ (N/mm?) M CTSTNTH (MPa) R | SIS [MPa = N/mm?]
m HIFTATON (Types of stress): AYS (1T 9 W% % (Stress) fox HAFTF, TAI-
S| B 1 &S99 % (Tensile stress) ensiiest;orce
| B M ALTIIIEN %ﬂw (Compressive stress)
| R PEAN “gﬂm (Shear stress)

Compressive Force
—— ——

Shear Force
=

o= % (Tensile stress) -—i glue

(AT IBI G 76 TN 8 RATOYA IeT FHRME W AR S0 (&0 FE (@, & 0 I
Y T (TS BT | O IBI WY (T NG ST =, ©IF BN AGH (Tensile stress) I0eT | LS

(I IBI BT B 1 | AT T A7 WK JFF CFAPER BT (T AT B F 2T, OF
B Ao 0T 1

I AN (Compressive stress) (FAT EEGACICH g WWE@W e.aﬁq@w ABRMMS
O IARI T @ R (T, G T Z157 21 A (TS BT O G W (T Ao S3f2 =W, O
By %m Compressive stress (T | LRI (PN IBI &N 51 I AT P A9 NI TP

CFATET BT (T AT T T, OF mw%a’w% fs‘”ai

fFrerg Frow: (Shear stress) I8 I N8 ote (Plane) WWﬂﬁﬁmeﬁﬂ%ﬁraﬁ
G0 (T T (T, TF S JFATE TR72 20O (R A (IO 1 A (TS G| O IBI
OIS - RIRA 2R TN (T AP I TN T, OIF PRI ANGH (Shear stress) 07| W71g
(P IBF T2 WD ST & [FANOYT 67 =T W (T I I8 WoISF AFF
CFATEF BT (T ARSI/ IeT SR =, OIS PR o= 0T | P19 67 TIHR WL (I
(VHIATE Fo~ 1 [IRAF JATT, AR JET Fo #rEd |

f3FfS (Strain) (FAT IFI T ARF (S I AT FAET 0O (FIANG G2 B F =T T, I
I A WFFOF8 fFR ARION =TT | G AT 8 WFFOT JFF AIITGNH [RPS (Strain) ICeT |
R W 8 ARRE® WG ALFI (MG [FHS (Deformation) ITT G2 T A (G0N BT AT
A1 TT| (MG (TP 8 W TN WO [P | (Strain) ITT e AT A ((GEBT) I AH FAT

ml Tensile Force
IS AFETSH (Types of strain):
Compressive Force
|3§5|\'> O API], M- —_— S —
SI B |5§5|\'> (Tensile strain) Shear Force __
/[NBA 3§5|\9 (Compressive strain) — T~ glue

v | R |3§|\’J (Shear strain)



)

21 VIN IQPLI9 (1enslle straln):A{ KT V™MLY LIN €T QAT PLEET &L WMD) 1 ML LARD 919 &
TP BN A1 S [Pl e |

U ET‘Vfﬁ'qsf% (Compressive strain):BI¥T IeT JTATN R0 WW W@?ﬁﬁ =1 s FTRTHND 4
RIJCP ACPIGN QT ET"{ﬁQ?T'% (Compressive strain) JCeT |

o | frsra fIFRS(Shear strain):IBT TR JeT AT FAA I O AROA AFIOF 71 Z(J
(PTG WHIF ARG =¥, OF J77 [FFor e [RFfS e

%W TE (Relation between stress & strain)

A T (looke's law): AT & RFF6T T JFH6 (NIRRT ST01F IR | A FR (AT (7R,
fEfSEo1F AR W IBT T ATF Ao O 71 538 [PFoq STNFASF [yway AR [urs
f3f5#r fIea1=t 16 T (Robert Hooke) ST WIS FIAN I OIF NN A LA S Il
=9

WS F(F JAAN R SZNF FNF VT (FIAT “med Ao, (o [(Fe7 Ty nfes |

sfifoserna: %«ﬁ@%@ﬁ%% = &3 = constant [BT2 AT & RFFGT W&T ST=4F |

4 & FBRSFHF BNF (Modulus of Elasticity) I | AT E RIAT B A1 2T fIS@1 GHIS 28
(Thomas Young) St*:0 AR STLAYN FIRIT® PN AT AT 3¢ T QNP (Young's modulus of

elasticity) =Y HfofXe 41 =TI

TGN HIoAGE
RSP orRpfe

S5 (Steel) 7 FBIETIF BNTHT W AT 2.1 x 10° (FG/ISNHAN (kg /cm?) G FIIF G 4 N
0.07 x 10 kg/cm?|

B & BI% (TI0GF (L &S E (BROFAF 9H) 7RI 78 FRIK (ET06T (LT AP G (YOOI
BNLF) RN AP F1 =2

noOOId YMISP (Modulus of rigidity):

(TN IBF BN (TG AT FACA P Aow 472 P [T 3T =01 ST 1ies S g

R AT & R (PO AFATSF FEoI BN I | F G AN C R AF FA1 2T | FHOIF

et

RS BT GF G I7 W 0.84 x 105 kg/cm?

wrTefRa Fow 8 WIS IS (Volumetric stress and volumetric strain)

W (AT IBI DT G2 (G AT AT 2 O IBOF WO f[IFS TMH | 94 F IBL©
NG ST =, ONF WTOF NN 6T | WO, WAS(F [IFS ToIANI Gl JFF CFITFETT
TN (T (TG ATTNS FT 2T, OF TSNP AGN I0eT | W WSS NG Fel GBS I
OIS ARTON TB, OF TG JFF WHO(AI ARION (P A0 NP [[prS J0eT |

(575
SRS MO =g man

g, WY (Bulk Modulus):

RRORF QNFH =

QN T IR BN =




)

IFZMNOZIMIP AN N CPRICANT @ ANADINP MO N G NADINP QPO N NNOCP QU NPT Qe

WESNEATN
WO NFRPO

WIEG TSR G k-7 T 1.6 x 10° (FGy/INCH. =T ACH |

%ﬁﬁﬂ% OV (Stress-strain diagram):ﬂ%‘ﬂ?“f R[] TN 2@ AR (TWFIT% faw =
28 VLB) FUIL 2T BTN YT BIN I AT FACS AFHA AN DTEA NG 8 (G-
Wﬁﬁﬁﬁ) W W ATST JICI | AT YT ALTREN AP (Tension or compresion Test) AT
Now-[FFET NN (FABTEF SR (TR VTN AF FAH2 AoN-[{FS

ORIAN 0 |

LUP k RIS APT pLT RI | A WO =

OA: mwil limit
[ £ A 1 Elasticlimit
B :Yield stress point/upper
c yleld stress peint
€ :Lower yleld stress point
D :Uttimate stress peint
E :Breaking or rupture paint

Stress —P=

o Straln —P

IERESRARIGE| ‘gﬁW—ﬁﬁﬁ% ORIA (Stress-strain diagram for mild steel)
SO AoN-RFFS T (G5B (IR TN Z01S NYAT FUILN 2T BN I AT
FAE (TS A [RFST W NSH T O 51 (A AR | JH76 NHE [ g Fow-
RPFoT I@d IR TNNSF, T 6@ PL (0A) R 1S 36w TR 4 *1f@ Mow-RFfo @4
WW | G2 PL (OA) ﬁﬁ%m"fmﬁm (Proportional Limit)| WWW@‘B—@YIW
fFR MR AG-RFM® I 11 4 [FE B 71 510 FT (AR, T 2T MTH AN ARfow| a7
AR ([AID fATHR AF (RTINS, T g (@G Q@ ARIEN N0 S| G391 Ao 57 I
(18 PG Y3 R I =11 T Mo-R[FS @6 A TS (Flat) =T G HIZ T
FIG= U(D) (Ultimate stress) fRTT fRTH* 1 AR | ST NGTRF 27 Aow FACS A [F@ [Pfo
TS AMH | 4 TIZT VYN AT TS FNCS AF A2 (0 {6 *0H FY6 G 77, T iota E
AT (MU= =R
E NN %—ﬁﬁﬁ% OTHTATN (Stress-strain diagram for concrete):

’ f1.= 6000 psi
///-’7 o \\\
. 7 f.=5000psi o
2= > e . ‘\
- / - g ) \
8 4 fr. = 4000 psi i
2 & =" f.=3000 psi T 5
= ¥ . P j
z i / N i e L C = Crassing
= /S il o W
i 2 _)’j'/) o / — e D
/// Strain
il }/// ‘
/. Concrete Stress Stain Curve
L . : )
%o 0.001 0.002 0.003 0.004 e e
- N . aximu
Strain (in./in.) P ——
Factor of Safety Allowable Stress

AT KL JLL T ANIS LINT TG AT PLL (AR ' WPNLT NGB0 TUN™Y NE VIS <N AININ 01T W19
TS B TS Z0T BT IBO6 (WO 2| WO FE&F11F S 0y (I 3§ A e =y
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2E

[A = Tn 3151 1 37
(D-
Dl
Sc
Ec
WEs
AsEs+EcA
WEc
AsEs+EcA

[GeiEEa)
E
" Es
, Ss =

ch e e 8
TER Ly

ST (Simeon D. Poisson) BT SIHIF FEN | O NN TN HYATS (AR | TS

G310 &I S| 0 p RN AP Fd1 = |

1PN &R LMD IKIPLIOT AP MATILANT AN MIND (POoIssoNn’'s ratio) <LeTl 35750 AILeT AIR NN 1\,

GO
a-a —_—
PP
\O\9!
e
A=
AE
[SEIE]
el
D-d
o
AT, p=
@0 I72 PO [IFS
e F Ao W, Sc
Qe W1 (FGIEATIS, Mg
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@S (Introduction):

STATES T FIG, VO & *IfS AT RV FCATGAT T AR G, N9, IS ATOTH0
A AR Y TEYF | (T, FIG FARK IS VO RT AFH FAT T A8 FIG FARK
ST SR NS FIE1 AP FAT T TSR, (PN IS STV FAF ACE FNOT ¢ oI BT
ST SN PG AT = 0 |

FIGT, HNOT 8 *If@F (Work, power and energy)

FIGT (Work): (FICNT I8 SHNT I AT FAC M IBIT I7 AT [ 20O AL I7Y, OI=
ST e FIG A AR W04 IAT I (F, IeT AT AV SR AN FG | 6T R G ST (O

76 Ry 9« ATTGH| @ | o F
~ 1‘ Force (W) 7
NGRS ERIEE AT B RIS s T

Push 25KG
Fnr:e[a

2| IR {1 T IBT S99 O

Reaction
Force (R)

| —
IBJ G TIPS 1 {HTHNeT I 92 AT F (O IBI AT BT JIAT BIOGE AT
R 91 =T | WS, FIG = I T x I\ V| W I, (PN I\ O JH(6 I (F) &
FAT, IB0 TS I F-A7 RIS AR (517 | FET IBHI IV s 0| I FIOGR AITNE W R0
3o FATT—

POIG, W = F x s (]|

R, I TS I F-I TRTHFT A 6 (FI0T IBOI Y s T, 1A FOING, W = Feosd X s

= SRR AT T BT X 7]

IFWOT (Power): TG FAK TA(E V@I I | WS, JFF STNCT (T ATA FIG S7F =T, ©I-2
HUOR ARTNY | o<, TN (FINT TS M (N Q1T ¢ GG W AR Gy ST F(H, O
R,

P == Z0q W= Pt
*If& (Energy): FTS A TNF A& I1 2| 61 RICH TIZ A, (TNN— IES S, O
FIOIRE NIZT I§ (T ATV FIG FACS A O R *( ST AR [Ref% F41 =71 ST@A1E, (WA
B PG ST B A HNOT (e ]2 GOIF BRI ST ST DG ARV & 0 |
FIGT, THUOT 432 *If&FF 9FS (Units of work, power and energy):

BITGF G (Units of work): FITG T JFF AYNO ' ARG, IYq—

() AN 1 NG G5B (Absolute unit)

A RELR LIBFP (Gravitational unit)




R B s e S e e e e e e e T . T I e S e e e e |
o

L (P)MKAN PP (ADSOIUTE UNIT): &P LN EPP UL [P PLET M LPILNT TG LT [MLP LPP ‘i
T TR NIE IR0 & IS P T B G N | PG NI JFFH W FAGH I
L RIS AF | AN GFHF WHE [NREARS sy o1 41 13- |
= )1 FfGLas. (€.6.S.) 2&fS: 4 GSTe FIGH GFF W | (FIAT IV BT AF GIRA I AT -
I IBOF IM I AFOYLY GF GIFOINGIF SR B, BT ST FIGE NI =5 767 =71 13
o i 15 = 1GIEN (dyne) X 1 IR [1N = 10° dyne] H
T 201 awfLGS. (FPS) AfS: Q AHSTS FGH JFF FO- NGO | (FIAT IGI BT IF TGS H
L T SIS FACE TG0 I IR WG JF FB ST TCB, O STF IIGR AIATE 45 6- !
* oIS 96T 791 WS, 1 FO- TS = 1 TGS 1T j“{
L Ol GN.(. . (MKS) HZfS: q GBS FGH J5F [PEAISN-RBR M kg-m | (FIAT T8 B fj
* o AT < TS A T AR AT SO I BT SR TCB, O S0 ISR H
L RN G (IG-RIBR I =1 Wiie 1 (SG-RBE = 1 (e x 1 NGF | ij
i 81 I3, TR (SI) & S: q TR OTS FNGH JFFF Gl e X | 2[G *M1R{M Graid A H
PR i NN FA 2| (FICAT IBI BT I V06 (N) IeT ATACF FA IBI6oF I I ]
n WOCY I G Y TG, B TN NG ARNF 4F Gl I =7 [|2f], 1 Ged = 1 o6
(N) X 1 fXBr=| |
. WS 93T (Gravitational unit): I T SGHIIT I FEHT T (P I I AT J
I J&F AT T TLN (T FIG ST T, OI(F IF JFF VoI NT J5P I TV | FGH
L SR ST RIS ST ST 1 TH- J
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

S| ST G7. (FPS) &fS: 4 AHfOre IO IFF Po-NOG | IF NNOG G (BT IHLP
WfoFHI [RETT WOl SARR MTE 95 T6 GITS (T AT FIG TN T, OF IF F6-M0G
JCET 11 PO-9T8 = 1 93 §GH X 1 PO

2| 1S a. (€GS) T&fS: 4 A &fore FITGH GFP ATN-(AGNCF (gm-cm) | G TN SR
(AT IBLP WGP [P0 UGN SARH A(F IF GGG BT (T AT G 777 27,
ISP I ATN-CIFBINGR I | 1 AN-CIW = 1 AN-8G = 1 (W

9| A.(F. 9. (MKS) NZHfS: G Ao FGT I3 [BEAIAN-OE (kg-m) | I [FEAIAN SE
(AT IB(F WGP [RFTT AT SN AP I FNOF BITS (T AT FIG TR 2, ONH
G [PEIAN-FOR | 1 (SG-HROE = 1 (HG-8GH X 1 6 |

81 ISR, (SI) NAHS: d NGO FIGH IFP [NGON-TNGF (N-m)

FYOIF 9FF (Units of Power): FIOF J5F foN AFIF; TUT-

(F) AT IFF: I3 TN IF AT 5P PG PR FAONP HYOR NN G5B 0T | FAOR
NN -

(i) F.P.S. @00 FTOF N JFP Po-AOQE/ PG |

(i) C.G.S. VFOTS FASH AW JFF W5/ (FS |

(iii) MK.S. N@oT® BT AN JFP (FG-MOE/ GNP |




)

(IV) S.1. MO0 5P NOIK MK PP YT/ NLPY I B0 (Watt) |

P OIS I Gl DGy PR FAONP AP 3G e |

() WFSFTT 9FF: ACFIT TV REEANALF JFF(F WO JFF 0 | FHOF NGF AT

I -
(i) F.P.S. "Ore FNOH WOFIT JFF F6-MoG/CTFG |
(i) C.G.S. HfOT® HNOR AGFIT JFF AN-CI/CNFS |
(i) MK.S. HOTO FTOR AGHFI 5 BEAIATN-AOR/ NFS |
(iv) S.I. VRSO FAOR AGFIT JFF NOGN-TNOR/CTFG |
(ﬂ')?l?ﬂﬁ?? GPFF (Practical unit):
0} ﬂT@ﬁ? dFP (Mechanical unit) SH ST (Horsepower)
(ii) (PRSP GF (Electrical unit) 8B (Watt)
FAOR ABHGF JFF AN SC AIT© 2T 2 JZQW JFF 2T [FEASTE |
1000 86 = 1 fPCEAS|G (kW)
WHNO! 98 SIMEI NS 6 (Relation between HP & Watt)
1H.P = 550 PE-ATG/(NFSG
= 33000 PO-TOG/NE
= 75 (PG-NOH/CTFS
= 4500 (FfG-ACR/MNNE
= 746 GG WV (GET/() = 0.746 FENSTE = 746 x 107 =05f
1H.P

1TkW =——= 134 H.P

0.746

AfS (PG 75 (FG-TNGIF 1 2o TG 4500 (PIG-MBH Gy B HAONP B H.P I | S
AZOT®, 1 ST = 1 fNOEN-TNBIE/ IS (IN-m/sec) = 1 Gel/CTISG

W& AFFITAZ (Units of energy): IS Q1R A& AT 1 R (A & F J5F PG
JFHI TJJA |

ST 9FF: [T IFF I3 FNGH JFF JF2

(i) C.G.S. *Maf® — Nf&T AN JFF W 2 AfGF AT JFF ATN-CA |

(i) F.P.S. i — *&F KN JFF PO-MOOH I AGF I JFF Po-NOG |

(i) MK.S. HHo— & N I (HG-MOF Ik NG JFF (FIG-TNOK |

(iv) S.I. FAO— ST N IFF Gl J¢ AGFIA IFB [N O6-TNOH |

IS WAL FOGF WAl 472 *&T Al GF2| E = MLT? [FVOId NIET: E = MLT?)

T"f‘( AT $OBIOT (Work done in rotation)

TN FfJ, ABC (6 BIFT| I IS A TSR (ol R | IBT6 I F, T0e1 OC-A7 G STNCHITY C
IS AT FA 2 TSAG GARIFIE A G2 IF ATF YN SIS AT =,

W = T X S99 (UFR) = F X 21R [IF ANF BRI NOP[S TR S = 21R]

WIRIA (NG ACNS FIOGR AN T Fa1 I3
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W = 27NT = 21t X 6T S0 x BF | [N LT Yo (16 P0G AeY]
*f&d AFTATSN (Types of energy)

NG (F RIS O ©197 F1 T, IA-

(iyMFS =S (Mechanical energy)

(i) N@m *fes (Electrical energy)

(iii) OT *If& (Heat energy)

(iv) M(GIERIRT (Light energy)

(V) 3¥=S (Sound energy)

Vi) IS *f& (Chemical energy)

(vii) Eﬁ?‘ﬁ—@ (Magnetic energy)

(viii) H97F *fes (Atomic energy)

9 QI (FITNG VFF *& N SCAD1 F1 =l
TESF 8 OT *IfFA T T=o1F: T WFF S TGS I AT I T 19 B *IF
=T | FF FNGR AL T (@AY G ST JFFF [BEAPIAR I TN GF (FG AN 1°C
SINAA G FACO 1 [FAFIAR O ATGH =3

641.1 [PTATRIER = 1 Qi@ TOI (IH. P. hr.)

T R FIG AT ARISNCA90 | W2ffe, NHE AR 9194 T~ F0o [RUE AR TiFs
FIGH AT |

W = fFF FIOGE AT

H = TF F1G 7RI 538 ST AR

W = JHAYTH, ) = &3P | AP (VBN 2PROIEA6 W 12D I STNQeTs O JCeA | J- I N 427
G- e/ Rpreremef|

tapfos 8 TS IS WAy T=91: (Tfos M&a 5T STB (Watt) I3 ST = ST X
COI=0E, G/,

1 RIS = 1000 SG

1 H.P. = 746 86

H.p, =28
746

o1, fagys 933 TS *ifea Wy =

51 B85 F (O MRS AN QI BRRIRN Y[[HY [Rge e T8 AN 1 2| J0H0a iFS =&
(&), ETe FNSHo 2|

2| OICHR STRICT AT f G 7T (TG BT =W | ACHE O 21, WIS So FrsFo
el

9| (IS AFHI ST SIRTT FINGIEING 2fF T =T | JOFG RS, oromfSre arsie




)

IZIOTIIPK Y 21HOIIP A™M<P (1 he relations oT potential energy & Kinetic energy)
TFS S 7 AP, TA-
@) o™ (Kinetic energy) ]2
(ﬁ)f@%“ﬂ@ (Potential energy)
ﬂ'f%“ﬁ@ (Kinetic energy): (ICAT ﬂ%ﬁﬁ?{% 97 517 O (T *f& elre H(F, OIS SIfo*i& 0 |
1], (AT 56T IF AT FHAE] 2R YL ST (W6 FIG2 (e O o= |
T HfF, m SR JF0 I§ v RIS FeR | SR NS AT 9 BHNF F I AT FAA
JIBLO TN T Z(S G738 WA B, f THAL IBI6 s GG WOV FAK A (TN (5T |
ST R

m S
(CTRTIN* = (SATIN* ~ 2 x T x A9 & »§
(V')? = V2 = 2fs F

0=v*-2fs
G, SN = v, O @Y = v, (I(2Q IBO (TN, v/ = 0

s = L3¢ FNBBTA SR A8t STapits, I8 o {Frliet 0T SR = I8 ©F X G 947 |

ofie, F = mf
ST G, (AT B AR ALNLF (T ATV G 5T HK, OI-2 5= (KE) |
NEHNE = FBS TIZMN W 2L FOHIG
=3B GR [Tarier 91 X %S S St {30 11w
= T x Y,
K.E=FXs
KE=mfXZ

KE = Zmv?
2

KE="Y%1m =W
2g g

ﬂ%ﬂﬁ?:%xEﬁx(ﬁﬁﬂ?mz

SN, (PN IBT ©F 8 ([T 0T BTHET WK 7T SIS A1 1 I

YT,

s = (Vb WO 78]

F = IBJ O {&TP e I = mf, m = IBI ©F

v = 6 HONRIF FAIL AT B (I

W = I8 8T, g = TKIFITGS T |

(ﬂ)m (Potential energy): @WQWWW (Position) T 3] GT (T
NSNS T, OIF IBOF BONG I SN 2O (I-(FAT SO WIS IB, SFO© MY,
T FH® FA 29 QM T I TLFR T (Bo& 2198 =71 W 8N (I IGLS h
SO Gl B I Ffo#I& (P.E) = I¢1 X GHY = 8T x T |




)

WIS, P.E. = W X h = mgh, LN, M = 9, S9N = W (weignt), h = \Yob\9I (height)
(AT IBLF AT CHOMT BloE FACO ATAGAIT S0 F G2 B&F IGLF (7 SO GO
NI A7 AT A1 (B oG AT ST | =g, 2AF SIS 912 purs Ffo= e
ST ST | =
W FF, m SR (SN IBLF gD (A(F h GO ST Rl |
ATCF(E IO WRIFAR ARSI B0 F© IS AR,

= WOFT I x GHHol h
oS = WfoFy I x TEoel
P.E. = F X h= mg Xh= mgh [F = mg] dh"

Vi §-1t

O, (FIAT THI AIZNAL ARIOHI Gy (T G TN T, 91-2 (T (Ffo#S |
ﬂ_@'ﬁ'ﬁWﬂE 8 AN (Proof and the conservation law of enery):

ST G, (ARG FTOIIE NIZ (AT AT B N AN A0S (F AN FIS
FACS 2T, O12 FH™GF | W], (FIAT IGT WIZNMAI A FISTNI G (T FIO T T, 012 X
oS |

TN B, m SR IFT IBIE 9P (A h THHOIT GIT 20| ATHH IB6F WAIBN

RIS TA FOINGA AR = AGFH I x Geool e
=y=Ar
I% ¥ & = AR e x OH©
PE =Fxh,P.E. =mgxh [F=mg]
TG STATAf: \
S| POPG, W = Fx S
_W_& _
Ql’fﬁﬂ\oLP_t _WET,W-Pt 4
\')”HP :PLANK dh
4500 VIl ?'Tt
81 BHp =2INT '
4500
_ H.P(out)
¢ 1PN, n= HP @) x 100
_ PIT>HYol (Pp)
O ATCAIHRON M = o (Pm)
N = % x 100
OIYITH-9
AT
991 (Force)

ATF =S AT [o© (T 7 A1 SN IBT WIF AF AR & AT Irore oI B
IR AHFE | AR SASNE IGLS A IS ATT 0T F5IHT SN NHFCI | IBI WIZN



)

MUKQON UCT NN P A CPRIN SIS 20171 9N AR & AUIR/JPLEILP (Force) T osIR, [l 13S
IBA BN IO A IFIOI SOReT BIR BT AT FACO HIF W AN I\ SN IS I
NSO ARISN B F1 FACO BT ©IF I (Force) qCeT|

JACH (ML T N | (FIA Ty A | I 6 (S| M | FIIY AR (T TR0 B
FHCO W (Magnitude) 8 A% (Direction) 12 ATIGH |

JEEAF ARITTNS TG & T (FI IBI BN (T I QI 3R F(F I FICS I ©OF I 07 | IV
©F 8 I BT QT I AN F1 271 WA, I (F) = ©F (m) x T (g)

qCEAd HoId 8 ey (Effect & characteristics of a force)

019 AwI] (Effect of a Force)

IB T I AT w0 [NHA® FoResf Ao 21

S BT 5NS ARTO~ (Change the motion) XTI

(TN- FZF IGLF SN HI AT AN T8 | O qAIF© A TS FA|

2| IBA 5S35 J1T (Retard the motion) IR

© | IBF TR (3 I ITBF G I FH TGP B WA SAWIKE (Restor equilibrium) SNIEN
I

8 Iél% Y T I oL I8] WT@@%‘T ANH~ ﬁ A (Rise to the internal stresses) |

CIGES 91'%'% (System of force)

JYN F2 N OOIEF I (FIN JH0 IBI BN @ I ©YN O A N@fS (System of force)
0T | T IARTEAR JF6 V@O KT AR JAT |

BGE R A TE Bkt

<®) STy TR (Coplaner forces)

Q) UM NCER] YR (Non-coplaner forces)

Q) AN YR (Concurrent forces)

Q) SHAACH AP YR (Non-concurrent forces)

(%) TNGAY TNH P YR (Coplaner concurrent forces)

®) STNGAY TR HD YR (Coplaner non-Concurrent forces)

® WO TR AP JeTTYR (Non-Coplaner Concurrent forces)

Q) ETNOAT SR AP JeTIYR (Non-Coplaner non-Concurrent forces)

() STATSTT IR (Parallel forces)

(&B) NS LTT IR (Non-Parallel forces), (ﬁ) R SIBEY TR (Collinear forces)

<) ﬂﬂﬁﬂm (Coplaner forces)

TN WAFBTA I 2 S (FATS AMH TIN & ITTYR(F TGy JeT 0T |

foa I

F/
" F:

T o



T T S S S e e S e e e G G S S G G e e S S G G S S S e S S S S %8 &j&ﬂ
o

() Wﬂm (Non-coplaner forces)
YN I [{OF O (FT FE 04N & IASTEANS WHANoAT I e | fora

el IRRRININEN

Collinear Coplanar parallel Coplanar like parallel

N/
>

Coplanar concurrent Coplanar non-concurrent

Q) WW (Concurrent forces)
(T 3] I (PN BT AT JH2 [[IMre NfeTe 20T Iy IR 04N & ITQEAND AN AP I
| forg I ¢ 6 STNiE |

Corncurrent _forces

) WW (Non-concurrent forces)
(T 31 I (PN IBT &AF J32 [vre e w1 2T o7 for [imre 101 F19, 94+ F IS
WS I I | fora I oo WNHiw S 4|

S
lF 5N

-

I

\

Flﬁi 1 8 QU] ATATGIW (Resultant force and Composition of forces)
(&) Ifgh I (Resultant force)



)

U QEOWINIRP 96T QI &P AN ERID 139 989 UMD IERPAITIT QY &R QI G AN &PIL 99T N1 Rl
I IR T e, @ T899 B [ E Ieefea fifere (@ wtea ST, ©f 26 9 J5F TS 7
SOIfHF IATYCRA Al I I T | A(F SRS R BT 6 F1 =27
(¥) AT ATIMGN (Composition of force)

(PN IBI BT (AT I TIZN (System of force) Al I VLN AFSF NN FANH T
SSTITGH (Composition of force) I | S W2 1 SLOIHF (A A [NfT FAR NG O(F A
STEANGN (T |

Flﬁiaﬂﬁ‘fﬂ' (Graphically and analytically resultant force)

T2 NGSTe eifer I fNT 41 =T, I

@) [P afo (Analytical method) 4<% (¥) @T4iog oo (Graphical method)

(@) tICA¥S 23S (Analytical method) ATy #fg; 91 fRefy
6T Mol ARg 91 =1 IA
S WWW (Parallelogram law of forces) d<}
2| RIS A&f® (Method of resolution)

Wsﬂm@ﬁ??ﬂﬁ (Parallelogram law of forces)

32 e fEamiia 76 a7 W= 8 i It (1w R 20e wisfFe a6 ssfHced 76 sifafze
12 FIRT AP AT Y, O F ITFCTS A W 8 i SIs{ieed & [ 200 WefFe T 7r=n
P T M|
AN AT AT
WA B4, P 8 Q7f6 I 0 Rrs f& FAR| 0A 8 OB e (U1 JMF W 8 I [T FA0R «=e
IR WBGF (F17 0| T OACB STABAFIO S5y F1 T, O OC F2 g IeT 7B Afehd W S
i T S| forg aIfdhd TG R JIA1 Y6 FA1 IR A4 OA (FU1F IR B24F € 7.
RO CD #1¥ BN {6 =00 MR AC = Q
GER 8
£CAD =8

+
Q

. _¢Cp 4
SinZCAD = = _ s

CD = ACsinzCAD = Qsind

S48 cos2CAD = 22

D
AC
AD = AC sinzCAD = Q cos8 3 ' = .

[) &
OCD AR a LE]QC@(Q - i & i thz}aoiri:ic;gmm Fig  Triangle law of forces

OC =R =,/(0D)? + (CD)?

R = /(P + QcosB8)? + (QsinB)? [a+b]°qF g IR F(J

R = /P2 + Q2 + 2PQcosH
[sin0+ cos’0= 1]

q) mﬂls.ﬂ ‘VTER'W (Graphical method)
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o 8o 8o

ST S,

8

So

S g 88—,

S8 %

So

wmﬁf%aaﬁcfs eﬁﬁﬁﬁ%— A WWWWW’WNN RRUR
(P) 19 fE_\Q\BT 314 (Triangle law of forces)
() T IRWG 314 (Polygon law of forces)
Q) W N (The vectors method)
qeq m & (Triangle law of forces) —— Iawﬁof vector addition
G376 e fEamiie WG It T @ i (1 fEere 1fo 2 741 SIS =04, Qi e T 8
i & fagroe RHAITOFIN 9121 98I 1L 7= 5{6® | A2 T {@gen 34 =T
CAF QYT 4 (Polygon law of forces) _ =

I FEABIO I (FIN I G WIS TS (T FE G a7
TN 8 fF JFR TN IZGIGH W%ale—amaﬂww, U

GG ST FACO (T A0 EFR B2 IR | ~ 49

>
.

1 R R B RoRoyD =31 9fB2 I I2gw 34| L

4 [Fergw (Resolution of a force)

(P IHD IAF I BHALTH (Component) oS FARF AGO(F ICEF RGOS I | NS IETT
REGH I 0 Aa® TK TR JF6 IAF JFEF I | [Foraw F1 1| T Koo
FASTE BATLH I | BATHISATH STTICH FIAE YN A I AN AAN IA6 A1 ST T
Wﬁﬁﬁ@ﬂ&‘f (Horizontal Component) = H 4<% ICEEACRIR (Vertical Component) = V

() AT et Wf% (Methods of find out the components)

V= F sin®

H = F cos8 [T ATCY (F1Y (1012 cosh A8 IS 1 sind R[]
IR TGIOT® Al T W 8 P ([ARS IR @16 T Fafore R 31 I #fF I o7
IS JAT, (T 7 AT #1fF 67 ST = | &7 IR S 7 NGhoro N w1 I (T

S| (IARF e (Analytical method)

2| @4T &fe (Graphical method)

@) AT *rgfS (Analytical method)

AFIESF (Additional) T 1fg; Nl

JHIEF I T4 (PN JF(6 [T (G FF 0L OIHd e 0517 TN & IS Wyei e
TN 8 TET ST AGoNASF (TR 05T (ANFEA SN 32 R TRIFF BIIGT6
(Tangent) NN IS BT BTN AT ST 8 TSNS SARTIE AGHNAGH (FTFET

\'

SITFLE ST IR =,/EV)? + (BH)?, 6 = tan =2
QAT ARNTRT (Equilibrium of forces)
LIS I I I T FAF RS 1S AMAGA F1 AR | FOF ST IR AR W T
*T (0) T, O OIF I SR RN 4 =T (FIF I8 G {TT et ITT0RA afdh 27 =
T | IZF JAN HIBP TS AR (Equilibrium of froce) 0T | T TG BT I« 25
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o8

S8
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8o
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8o

S8

e e e e

8o

S8

——t——s———
8o

ST T8

&

&

&

&

S8

8o

S Oy 0y 05— 05—

S8 %

—&

8,

8o

8,

8o

o 8o 8o

8o §o§o

WT@%@EWIWWW@WWW%WW@BWW
Bet® A

mm (Principles of equilibrium)

(P TV B (FA© FOBBTER el 2T (A OIP ICeT SN Je0 | T AR I8 A
P 23 AT WY I (Uniform) SO AT |

(F) (P IBI STWREE GAT A7 BN ATAI9/F© QT g NN 25 (S|

(¥) ISR TS & THT SHLHISTE WEAMSIK [N (S|

IR SRS fo~{E O Sy HTF, (TUN-3H = 0,5V = 0, IM = 0

) ﬁﬁ-?ﬁﬁﬁ% (Two force principle):

7fB I T4 (FIN IBLS (&7 FI 432 IFG A WIZT ATF S I 716 JF2 ([T FIS S|
31 7f5a W= ST | W, F = F 397 75 */g=er [Aeydt =71

(¥) f§-31 RIS (Three force principle):

v fSF6 I (I IV TR (T FA0A IFO SV ATF O (T (F 76 7 e =02
TOI T TN A WL, F = F 8 F, 49 Al | 9orT 679 [ Aoy =11

DO I MY JF2 (T WIZS Y|

() I CEC KIS (Four force principle)

BIAMG I IM (PN IBI O (T IR TR AMF OI=CA JT7d (T (FI 76 0T o1 N

R
ooyt
IF2 (Y1 AT WIZS A |
AN S (Lami's theorem)
@ s (TR o6 TS I67 SIS Y FAE A ATSIH6 I N AT 76 I
@5 (FITF SR (Sin @) TS = ‘
e Lami's Theorem
sino sin siny
Given the magnitudes of three coplanar, concurrent and nan-collinear forces which
keap an ohject in static equilibrium, then they satisfy:
A B C
sinqy smﬁ sin~y
y B i\dﬁ%ﬁ;ﬂype v
haRVIRK
WA FfF, P, Q 8 R STNGAT I fSG 0 fR™Te (&3 S O 02| G [RAAS (F1orste
YN, BSY |

YT P G13 Q I 76 FFN FF I8 W FF, OA = P 492 OB = Q | OA ¢ OB-(F AN A Y
ASEF WA FACO Q| (XY IS SIIATN WIZ AR BGEGIET
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e = e = e = = =

OD (Y1 IARA R I TN fFE IF M RS MF | Q4 P 32 Q I 707 A7 W 8 M 7
STNISRF OABC I F°f 7T 3jfow (R | foa =@ :
OA=BC=P,0B=AC=Q ;
<AOC = 180° - B :
&g <ACO = <BOC = 180° - a f
<CAO = 180° - (<AOC + <ACO) |
= 180° - [(180° - B) + (180° — )] ;
= 180°-180° + B —180° + 1
q

=a+pB-180° i
B a+p+Y = 360° j
oM SF ¥ =P 2T 180° FRTHT1 FT-
a+B+Y-180°=360-180° ‘*i’
W o+ B+ Y- 180° = 180° ]
A, o+ B-180° = 180° - Y ;
.<CAO =180°-Y 1
fAmefes STamERt AoC fagrem ]

04/ sin < ACO ~ AC/ sin < AOC:OC/ sin < CAO 1
08/ in (180 - 0() = Ain (180 — p)="sinsin (180 — y ) [Sin (180 -6) = Sin ]
% - smB g FACGRURS) 1
mﬁ'\% (Conditions of equilibrium) ;
ST SRS e ITZN IeT ASIA IBIG NG (FH =S (0 5T :
5| IBHI (I I ST =C© AT ‘
2| BT SV N 2T NG ACFT GRS TS FAO A | :
© | IV (G ACHT 5 ARSI (TFH B SV XS A ]
81 IBIC ST X AHTS | 1
AT FAPIATONR (Types of equilibrium) I
AT fS= 4N SR T =, 940 1
S| Z1R ST (Stable equilibrium) 3
= Wﬁm (Unstable equilibrium)9 | AT SR (Neutral equilibrium) “;’
R = \/PZ + Q2 + 2PQcos0 ;
(V)2 + (ZH)Z :

6 = tan"=" [ 2V (+) T BATF, 1V (-) T FT6 9% SH(+) 0T I, SH (-) 20T 0]
T O E R g e (R BN T - AR :

Qcos
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So

@) M 0= 0° =T, WA P 8 Q I G I3 2N AP2 AP IIG FAER = P + Q|

() T 0 = 90° TT, W] P & Q I W6 NT™NF STNCHITY FIG FAT R= /P2 + Q2 (|
5N M 6= 180° =T, WI§ I HITC = A2 13 [I7ATS TP PG FAE R = P - QA
A0 eIfe7 Ie16 IG Je 61 M PG S|

@ M P= Q =, Wi I G /g ST R, R = 2P cosgwarzm R = 2Q cos® T([|
2

ﬁ%ﬁwaaﬁ'fﬂ
CRYA I BNII F 1 (+)
YA 39 NI s L ()

21 9 T T P @@ Q I Tw ToE 0° et 90°
Tt e, 180° CRteet pereiTy faFm Fae e T0ora i
s wAar
AR
a = 0°=A,
=% <we W, R = /P2 + Q% + 2PQ cosa
= v.’pi + Q2 + 2PQ cos0°
=./P2+ Q% + 2PQ
.=~,lﬁ'-|——@j]E Cas0® =1
~R=P+0Q(Ans.) Cos90°=0
i, o = 90° T Cos180° = -1
= =i, R = /P2 + Q2 + 2PQcosa
=./P2 + Q2 + 2PQcos90°
=W[Ans.]
a = 180° ==,
wram, #f% R =/ P2 + Q2 + 2PQ cosa
=/ P2 + Q% + 2PQ cos180°
=JP2+ Q% -2PQ

= J(P— Q) (Ans)
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qUed WZTW(Moment of force)

IV BT AT IR o {FTF & I0ETF (TG M JANSF (Moment of force) I | W], (FT
6 I IM (P IBLF JFI0 WS F 0O A% RICT A A IO 51T, O & FAA
AT ANV AYF I (N6 A IV 0|

A
T R, OA IHIB T FHYYT IFATST O f[TVL® INToII o
IERICAT AR, (I 6T &P ™I GRS TIT© AH| i-" L
YN & 0 2 YR (TR W A1 WS T 2ATH A 7 Frem

BT 2T AT FAC GBI O A< BRI F(IeT) RO AP | O 4S, ST I W (I 7B
RISV I7 B TS I @ e ATACR N (O ACHF FACTA (7T FACTR) BTFER I
(TG WA, IR (N = AT I x 77 ¥, A, M = FxL G4, M = JETF (TG, F = 4|
JCA (NTA-BF GNIFNRSS LI (Geometrical representation moment of force):

W S, AB (416 P I W 8 s T e

foa St 0 Rt 1 92 0 R BT P ICTF RS Ao AR g (s efy
FACS A | 99, O ™M =S P T & (UK BT ODAT BIfN | ©I=( (N6 SJarg@s, o v
ST P TR (TN = I x o9 A °
M, M = Px OD = AB XOD

M = 2x (AB x OD) =2x(>x X x BE5®N)

A = 2X AOB faQUGH CFa®a A — g
5@ I (NTN0= 2 XAOB I CFaFe | fim 1 o Yo g ®

wfig (T % T TCATCE AB76 I (TG (M), £ R 8 oM@ Ie(6d NI STReT (41T 21y
| R™1R0TR 7| 9110 Qe CFaeens e X[

TN AT (Units of moment)

I AR NRACA BTHER (VTG [O12 6T & FATHH JFPF B (NTAHF N [Noa#e | I et
IFF (PG I32 T 455 FAGR TH, YN (N6 JFP (BG-GB | STTHCHN kg-m (741 =T
WRIE IET PP OO G]8 AT G5 O (A (MNHF I3 fNGEA-OE (N-m) |

STOF1E (NCNCHS AP [WHPH-

FG-RGR (kg-m)

(G-I BB (kg-cm)

N OoN- B (N-mm)

PCANOON-TNGIF (kN-m) ZonH |

HATYF & WS (WTH-B (Clockwise and anticlockwise moment)

(TG 7 1S, IU-

YN (NG



)

R <UIYP LANILND (ANTICIOCKWISE mMoment)

SRISIES CXTTN® (Clockwise moment)

(1 I M RUE 75 Mh0g (AF IBLE MO IO M JA A TS BIF, OI=(A 477 i
AP 4NqE A FIOTIG (VTN | f5TF F () | I A [ 20© 775 MY (AF IGOF
S FIOIF FATF TA | GEIF (NG CFLa Anticlockwise
PISRGK (WCTB, My, = F xd (FG-GIN (+ve)

L RISES CITN% (Anticlockwise moment)

(@ I TR A 77 HA0Y (NS TG 96T IO S

AT A M YACS BITOIR(E T I3 o (s Ay J' l'

I B FFIARG (NG 0| F () &6 A [ 20 d (I 777 MR07 (0 I8 Mo
FIOF RHNA® M TR WO, A (e WBFFSTIR

o AMYF (WMTAGF (NTNOS, My = F x d (IG-CI (-ve)

I ERICERR Y (R R (Varigon's principle of moment)

IM (N IBI T2 I TNOAT I67 2 S [FHTS A, OF (T (I 79 20O She 0K
CNTTHF ACHNTASH (T Z(T G2 [ SCANTCF O©F ISR Afd (N6 TN | F2fig

< IR (TS = ISR (NTHBF ANV S (9T |

W FF, P G32 Q I 76 A Rt f&w 0 R &% 39 5fE 30" 0497 SO WIES B0
™| SN FAC© 20, O™ SATATE, R Al 0T (WS = P I (N6 + Q (A (NCNH |

Y, AB GF STNISTE LI OC (JLT BIF | OA R OB (151 Ff | NSRACFI STAT AD

TSN, P 32 Q 37 7157 afd T gl

CNTTNCOF GHITNSIF LT AT

0" R ST, P ICETF (WG = 2 x AOB fGQUGR CFased
'O R ST, Q 0T (A = 2 x AOC faQUed Chaseed
0" R ST, R A I (A6 =

2 x AOD fagQUed Chasee

o 20O SINET A1R- AOD faQled (Fa®e = AOC fagreid (Fa®e + ACD fagle| Fawee
fPBAACD G (FaPel = ABD faQlG Cael = AOB fQIGR (Fawe| (452 il Wk IR

moment

SHOPTRa g I0e)
AOD faQlGH (Fawe = AOB fagle CFa®e + AOC fagra Chael
GO AP 2 FHT @ BI-

2 x AOD faQla (v@He = 2 x AOC faQUGd (FTF + 2x AOB {TQTO (FaHe
R dfd ICEAF (TG = P I (VTG + Q I (N6

CNITN-BF 5F (Laws of moment) [(NTNG (M) = I X o8 Pg)



)

EPUIP (PRILANIL 9T I ANOET Y 6T EPIV 1YL\ [EP PLL A1 TEIL ATWITBIA P, 9L &L
WWWWWW AT (TG (Clockwise moment) SI*N2 JHe QMY (VTN
(Anticlock-wise moment) S NN (]| WQfT% EGIRIGIGER R REE %ﬂTr‘l\'J (TP ¥[T RS

IGICIE] (Lever)

GG TG AT IAFT & TSTF JF TS FG 7R

ORI A0 ook I | (T [ (5 I ol e Load
TS OIE WRGS 2O A, SIH FleT<p (Fulcrum) I |

O GF ATS e AT FAA W ATST ©1F -

IS FACO TN | TSI (T ANS I AT FA1 = \
OIP I AR (Effort arm) A8 (T ATV ©IF Gl@EA B e s

©IF O A 0 |7 BARIRA (&1 19 (Crow bar), B (Scissors), AR (Pliers) 29AH |

feTOR 2 P T | 3K foforq, | (5P feford |

ﬁl@l’@?%(Principle of lever)

T x JeT TS B[ (TP PRI Y = O x G(I AT (O FleIPINS [,

wfe, I X I S Ay (Effort arm) = w&d x CERIEERGR) (Load arm)

TFF [ I FACS A ATS I A2 (a) O AGITS ZF WAV (G A2 (b) TS FNTS
2] |

BI  Y 91 (GIY (Couple)

TYN JHI6 BT G2 76 [T9re 76 ST, ST @ [odteydt 6 Fw 31, [F8 g &
G2 AFEATAL IARI FIG FE I, O T IH6 (GG I oA (Couple) SR FCI| I SYEF1RA I8
707 {FRYR NSt A% HARCE AR A (Arm of Couple) I | IR (T (FN JBT6 I 8
YN T BVRACP JANCA] (N5 (Moment of Couple) (T |
fora F W= 76 ST 8 TS

F
e A 9]¢ B [imre [EME |\°§% {mid-paint}
& S (GG A JoR 38 FRZ = o
b A
(TG (NCAB =3I x (SO AL
M=PxAB=PXd F

G4, P =17, d = PRI
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YT CTNIOTY (Classification of Couple)
I e 578 N 1S i W@t Joreatss fAfafds yrers ooy a1 919, I90-

<) TN S AT YATY YT (Clockwise Couple orPositive Couple)

G6 (GICGR Y I TG SO M 2N, O OIS GNP YoV 01 | P NS0 YoreiS
(Positive Couple) (e |

() A PoreT e E,
(¥) AMYP Yo

=

(¥) 14y
fi 1 958 (W) WHTEE T (V) EATaEs Yoin

&) et Ar AMYH F51T (Anticlockwise Couple or Negative Couple):
6 (GG g T TG FIOR [1AS MiF T, SR OF ANGF Yo I | IF ([0o6w
Y3V (Negative Couple) ICeT |
T &xf ar (If* ey (Properties or characteristics of a Couple)
Yo Y @sfeT fRmaey:
51 Yo SIRFIRA 7 7107 Aoionfifes Cqroresa =0 = |
21 Yo IR 76 757 STt WIFS (T (@ [T A (N6 AGNfAfSF (qiorsat S
ST
0| JF2 TG [FARS JHT6 J6T G_e JHT6 Jor SIS ST FIATS =M |
8| I3 SO [ ua® 716 YO (T SN 8 RANS (e I = Oy S FA7|
¢ GHR STNOLE @RS (T (FIN AL Yo, JHI0 NG oA TN (S AL I8 &S
YSIETRCNTIAG, S JATRAT (MG F AGNASF (T ST |
W | GHfB YO ARITS AR A7 TG AT JHf6 o ST F41 T
Ka (431 (T b s |
(TG (M) = I X T8 §=P] [kg-m, kg-cm, N-m, KN-m]
TP (N0 IGT FIOEF M (A (+) D J (+), IMa = J (+ve)
RS (NCN5: TG FIOW [FANS MTF A () TR, (1), IMg = |, (-ve)
G 37 BN AT 1 (+)
Y& I [Reaa Ml ()
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T s f&Rwa: a7 a9 gFooro.

T FIRCT AR YR STNRTSNI “RANTS GACTRT FACS A1 | T ROT SN FICS (NI
WHFIS K¢ AGTS T TATS AN T JO12 SN AN G ¥ 09 2 A0
SR FIZR (R | WRIF 42 TR FIACT AR FIZS N A I 67 2R ] AHT Twol
TN IHZ| A3RFg M TR TAFF I TAFR F2-2 AR

TR 2ATI WNTHR BRI SN AT | W@ NF, (Ze AL AT Ol WIAFS (F T,
TIOR3 TG TSN CHTG NN THNI AT (RATS N2 | T S FITNT NI
R F(F, SRS AN T ATAGA TS AJ© B |

T rqr IS (Friction or frictional force)

ATOTF I/ OANH TS TOR ]V RGP A1 (A, APOATTE ©f BN o1 N | SN N
SRIFY TCHI SR 156 BIF, OIRCE (AT AR (T & IBI SAHC g g Sasgeret [Rmyu=|
(P IHI0 IBT O BAT TLF TN B0 IF A AT 76 IBT O F WATIR Je™N0H (ATF
BATS A A 50O (BT FF, 04 JF Ao 916 RANS ATF (T I I QM IS, OIF
T 9= (Frictional force) 1 STRTH0A ¥ 0T | 92 ¥ (Friction) <e1C<® F QIKI B BT R
TSI I FLTASFEL WA ST Gy T IR T AE 2| THH Gy =& pg ey

NG | S OleTd WJTeF o T 37 fAod S| g .
ull ' Narmal
THCT AIETSW (T f fricti Force
OW (Types of friction)

T AN 7 AP, T

() %2 T (Static friction) Fckon

Ap—

ORISEING ey (Dynamic or kinetic friction) mﬁm IWEimt
(F) F&?ﬂ'ﬂ{‘T (Static friction) RTINS T

TL 6 TG TN JF6 I8 G ZT TIZA AF I8 JRACE S ORNeT FAK Gy (F T AT
A T, S % A WIZT O S~ OTeT (7 T I OIS (37 T9 00| T E 7T A1
A 2T | GUHE T I W F, N2 TS 0 WA TN |

(¥9) 5 Q1 & T (Dynamic or kinetic friction)

TYN JH16 IB WA JH(6 IBI SN (ATF HATS AF, TIN AR A~ O 51fx ot
A (T T 7 5718 =, O 1S 1 51 T I 711 AP FA1 T | ATHCE T 7 W AT

JCETA NN (BT FN ST | L] F <P | 51 TV 7 I, I »f

S| STGICAT T (Slidiing friction) s I B et
T (N I O IV G 0T 11T 50t =g N
IZFY S (A NS T, O IBT BAF (T TF I FIG ___@

F(E, ONF NG T | 1

f=n g .o WS =gefor




=8
*

So

S S S S %8

So

8,

So

S S S S S g8

——t——s———
So

153

o 8o 8o

ST S,

8

So

S g 88—,

S8 %

So

2| VTSN IV (Rolling friction)

T I FAMAF G TN IACIL NLIIO! S O FeT (Ball) A (IR (Roller) IITF FAT TX
S (T LT I B NF 2T, O RO T I | WA TIH (FIN I§ AN (N IGI G
RIS (S AMNF TL IBI B (T T I FIG FF,

T SfILT 8 WHIIAT (Advantages and disadvantages of friction)

T NIRE (Advantages of friction)

T FIRCT ST AAITS HATTAT FAC© AR |

VTG NG BT HAH| R

FICH (NXF SAEHICS A 1 1

SRIGE TﬁfﬁﬁﬂT (Disadvantages of friction) E — T
T FIACYT FATNA TFI TFNFCT FHAIS 2T

TR QIS HN I Top1i | W

foa ¢ 5.8 Sifrw wiy
3L (G| yj.ﬂl3|6=*'1 (Laws of friction)

%7 T STaRf A1 (g 716 Sy ot fowr (7 %7 v i@ 3, o Ao syarfe
(X 5T

) T¥ T T2 I (T fAF B9 BHNFN =W, OF f[Fo1de s (& TR

(%) T T N IV BT ATTINFS IR TN

Q)] e g = (Limitting frictional force)

G W 32 (T (I G0 ST N0 58 77 ARSI It MMAT WY AN ST &35 |

(@) T¥Y I AR CFATER BT fRSTe |

(8) G THY I SATHTIF TSI B ST |

54 Tt SyArafer v tafre:

S 1591 T FeT 51T IBF e [Nt e (T |

2| 561 T AR W 72 I OETF BT ARSI FH (AT Wy A1e T2 IHM6 &6 S| O A6
SR S T IMRF (BT JFE FN IO 4 IR TN T2 T (R &7 | (58 I8 o
s ST S & NN SN N |

YT (T (Angle of friction)

A FfR, (ZEA] O BT G0 W SR I [Z7 WIZA W | RS 61 (@01 6o |
/MG ST =R

S| TV GG ‘W' GHF IR 61 Ml (3 TR

2| T I 'F I BN Al NP OLeT STNTSANET faeall
FAR

o | A EHT I 'R (ZACAT O RO (& FAR|

JH6 (ZETAT TEAH G NHF Y (T (T TIZ
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P G WT{@WW@_WWW STHeT = N6 mc@x"i@ﬁ‘@ﬁiﬂ,
R ST (ZETICAT GEfD g NIFF S (T (Y G- N FII OB T (FIY (Angle of friction)
I

oAy, F = IBHBE T 4T AR G0 ATIGNT X I |

IBIO ST5eT ST G ATAGAI I, F = w sing

42 A6 RS A fFT | WK Wfoerg AfSFEFT I, R = w coso

F _wsing
W “w cos®

LEORED) (Co-efficient of friction)
7f6 IV NFE e TX I =3 Wfoes aﬁﬁmwmﬂr—@sm‘ﬁwa’ml a3 ((N0)

RIS AP BT RN |

= tan@

u=§= tan® i P
F4—1 l
F=uR T;f.r!fr-’
W
35 3% srrarw foa £ 9.8 TR T

WGP, (RN 32 TH Old WAZ© (H I, TINOE A2 ST 7 {35 IS I (Explain free
body diagrams of a body lying on horizontal, inclined ical surfaces, ladder and wedge) :

ORI (Free body diagram)

(P TV AP© 6@ N WF FH QYA IBF BN AP oP© [N (T fog A F41 27, O
&5 IS SIS I |

Wﬁaswm@@ (1 I8 T35 IS TIAATY (Free body diagram of ah lying on a horizontal
surface)

G IBA GG w' I Gy AT G IeT FIGy FACR | WRIK IB B P T AT B
fIreydl 959 3 F 3T 21|

(R Ol SI_IES (P I8 3 IS Tranamw
() (O (RN Ol TRES (FI I & I Tram
(AT ROACR | G2 FIZT I8 AN A I R
(TZQ IBG O ST W A7 NI NG NNCo
B30 ©I2 T I F ST NS I\ NS
RIS BTG FAW | IVIGI SAI O G P A
TS T AR (XY B HOTL TR it sTware K4 36 fNrea s oy 97|




)

(I AR vdisTH

wdlP Y 3 (7 (Center of gravity and centroid)

4 Ry 2re1s I8 AT FMF IR OF (T M HET | AT @ SHHT 367 18T
PN IR TAHAOF G2 I YOI NIEF TP IS A | GO1R T8 8T AT Ao |
ASC IV I~ B0 ™ Wy, IBG (T O3 A0 @F N (&, 7 77 AT & I\T 5TV 8T
NI (FH Ao Y (TN FE, OF & IBI GAPFH (Centre of gravity) I | T ATHCN c.g I
T WIY A VI (T, ASO IBTS (FIANH IF OAFH AF | @0d1e I T (T, (N IBF
G2 FA (T ©IR2 LT (TF 1 (F, OFF G2F IRIAT T I 1 IBT ST I ©F JHI6 {019
7 ey wfomw 3, & [Rew [Rore2 3867 o™ I |

fFo0, 9T, I& 2N Bl CFaH Wy f[F8 O ((21 & SIS f5laq Crasd ukgs
(@ (Centroid) I | (I IBI SAFH 3 BLAR (T NN “gif® I3

TALTY 492 (T I VLT AT (Distinguish between center of gravity and centroid)
TP 2 (W T NYLFT NH (M8T =

OH(PA (Center of gravity) (¥ (Controld) TR ey, A% 72 Tl AR OI(F TG |

S (T P (LA (PITNG (AL AZS 0T | TAIBI 3G (T 77 T &m0 1 | Qg ([FF
ST (N, 9 GUINIfOF (HG OF GIPH (e | O T8 (Fa | (H [P (F |
TIMNeF ST FAM AIZS 2T

CHFATER (LT (™ M AIT© 2| I3, 419, (5I1F, (B[, Wi, Sifersr

21 IfCFE, AOCwg, I8, [age, I2gT, TN SAEH AT |

STNSEP 2N (% AR |

9| SAFY G (FH [T 75 JF2

8| (FH ]2 GAFH NN 1gfs T2

OFY A (A Rt ﬂ'%f% (Methods of finding out center of gravity)

RN B1RG “rafod (T (FN 6 1&o7 AL Je Hrad (FE A SAFH (N7 F41 T |

(P) TONfoF A amfe (Geometrical consideration)

A) 4foa afo (Graphical method)

(oY) BTN o (Integration method)

(‘ZI)CTITCYF@ Nl (Moment method)

Wmﬁ‘fﬂﬁ (Determine the centroid of rectangle): YT, SIHOTHIF
CFHTIF eIl d 932 % b TCA AT FF (T, OIS THd Hag |

W 17, 2R 51" ABCD 16 Werra | CFAfGd BN = AB = b | TE®I A TSIl = BC = d|
YN O =S y TATY dy “FCI A6 Pl (Strip) RIS B WA F3, Hargmist AB ([FTFIEIH
S RO y T WOGHII0E OGP Y W50 |




o J

dy
1 T r

T'

¥

A

nl,_ B —q B
& ¢ o B WIAEIFER TWIF Y

o —{"

T FIE A SR CFHA dA = bdy
=7
33 S CF@, A = bd g 8cm

¥l
_dAY
P I SAFH="2 e

ST W CF A ocm oo

Y=[i'y.bdy/dA

S ybdy/da
T a 10cm

d
_J, ybdy/dA
bd

d
=b/bd [y.dy Jcm

2.d
:1/d[y7]0 6cm

=1/di5 —3]
= (@)
fE—\zrmmﬁvfﬂ P4 (Determine the centroid of triagle)

WA, AT FA (T, (YL SASTHA TSIq01 OIF THOIR IF-OrHI|

ST

WA $fF, ABC IH16 fAQS| 97 TN BC = b 3 BT AB = h fora (ML (IR N BC X(©
G T y FACT dy “FCI JF6 PIeA (Strip) MN RII6 1|
MN = S 3% MN SIST¥F (Fa@®el dA = s. dy

6cm

(Ao C(FaPe A = 2 =2 bh,

AABC 435 AAMN 76 STt fE gy 20O SIIEr 1,

_MN_AM
TBC AB
s_h-y

b h

_b(h-y)
S_h

_(YydA
Y=/ n
h
_Jy ysdy
A

h b(h-
_ fo (h Y)dy
=T b
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e S e B B B B B e B ) R

D N
1o (-y(ydy)
- bh
2

h
== [y (hy —y2)dy
h h
== [, (hy)dy-J' (v2)dy

2 2 3
= [T

(AT O 32 YO W56 (Identify the Axis of reference and Axis of symmetry)
(THITI A 5F (Axis of reference)
(I I8 1 orad SAEFH AW IFIT FEFS WEH ATANTF [N F41 2, 9 IS Wi

(I O 0 | i " q]?‘ i
yﬁmw%mm‘ﬁﬁm@m@xxw ! :‘T—] ) :'I.'l'.jnj_
STNSAITE AF O (x-x) (TS S = 4T |—| | j uji
| O x N O ot I =g o TR s
@wﬁy-ywmalcﬂme(v-v)@W Ialh:e.u#;-&mpuﬁww =
O R0 &= =N

HAroAN &5 (Axis of symmetry)

(NP ST (FH 5" A TR xx N W y-y ACFH SV (Symmetrical) NIZF YMTH | 3018
(N T GATP (T (x-x WL y-y ) | IART Y TG SN 7 OIS OIS F1 T, 57
TER(FR AT WF 0| (FH I G I ARSI FCF [RAG FCA | 912 T TS
AT FROG (N F1 T
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Qoo Qi
mm%mimﬁm (Moment of inertia)
@ R RS (A (WD = I x 97 [T
IM I P G @Wﬁfﬁ@ﬁﬁw A9 79 U] (Perpendicular distance) 'x' R¥, OIR(eT (€1 R [ ET)
R P.x, & CACAGLP 0T A (VAT I | B WACABLP AN &7 GG X QN Q3 S
ST T (P.x). x = Px, JF JCAF (NTNHBR (VNG T I (R (W6 I Goord (W6
(Moment of Inertia) JCeT | ATHLA U< M. QT (FIETNS | WWWNI |W°ﬁ?®‘ﬂﬁ
@R (g [F:31 S RIGA T T O O (W IASCN CHIA GO (N6 A SRR
eI (TG I AT | ST0a1E, SFeT AP GO (MTHHF (NTHB N 2N I GG ANF
CeT |
R RTAVEETI DB PP (Units of moment of inertia)
CFOPET JFF BT NG FII (NCTH W INHAF 5B VRA:
S| CFaTA IANNBR 432 T FGR =, M. 1. (F (B 71T FFH 1 =T
2| CFIHA I (N ] Ay (I =0, ML G (CT) 1R 211 ST X 4e
o| CFad I5f NN J33 s A =@ ML | (& () 211 &1 <541 =7
R\ (2 RCAUCET REIATRE 91'%1% (Method for finding out the M.I).
(N TG A CFIHEAI (N6 K AN VR 0 el ore e Fa1 I, (T —
P 9 A7© IIIRF B (By using Routh's rule)

(if) STNIFAN Nfod SARCTF (By the method of integration)

2[R RV EETIRBIR 4a ICEaR! (Derivation of the formula for moment of inertia of an area):

Y 99 379 (Routh's law)

W (PN IG WA CFG AT TNCHT FIAFS OGN NCEFF (x-x, y-y IS z-2) ACANCF AN =W
O I8 SAF TN (T (N WCFH (W6 WS 2N NALS Sraa SRy f{iove 41 9|
OIAOCHRIG] mm%mimﬁfm (Moment of inertia of a rectangular section)

N HfF, ABCD IHI6 NTOTHG | I HF AB = CD = b JJ2 NGRS BC= AD = d| I (FH =[O x-
W TS y I 5FE DI (strip) dy FEN PR | OF FAOF NHF (FaPe, dA = b.dy.
IR0 O P& CFLAF (N6 N ZAI, Ix = y. dA

= y.b.dy S , n
() SAFHNMA x-x ACH ACATTH T NHOCHLaT (N6 | T Lzzzz'em_—:_“
d -

W ST v T
L=J §y?bdy Jz

d Y
byt "

379 oy R T R



N NIHLL™IN QI LANID\Y T

Torsion/(NTBY  ARPIF| AYT: S| Share Stress, | Angle of twist.
B 31 (GG (Torsion):

(FICAT JHD 4TS (NEAFIF MST JFATE TR (@ AT
AT For e (F-IT) SATASF T M 7ff (METITS G
F(E, O NS DI SIET W0 0T 471 = | SV
RSN ST, FASIIYT I FIFRI (NN Fof 2Af G
*If& ZNIB (Energy transfer)-I7 G o 6T TS FAT =T o
*TRFIBA SH2TS THON SIBHRATH W AT I 6 W
NI BN o1 AT (JITEBR SR I F IeT ST FA =TT | XNTHH A HOST T 20O o I
TS R VS G 932 I T BTFEAH B (Torque) A BIFE CNTTH A {268 (TN
(Twisting moment) 0T | & SIETT RUST JFATS TN I AT 0 1f (T (W6 518 T,
f5ra BF, T = Fx + F.x = 2Fx. 56, TG I N1 F
ST (MHGITS (58 FAE | BI*NT T ISP TS
CSIIRERIGR (Angular displacement),ﬁm‘gﬁwamﬂ
T Y (|

SIfSSTa (Laws of motion)

ST S, STNCER (RIS 438 AMFNHE TSNS T4 (AT IE Ol WIF ARITSN
oM, ©Y SRAWIEF I 2 9IS g IBOTE 67 =7 AN I8 | W17 WG M (dear 456
SIS IBI TG WO JACHCIS I | I G0 AP B, TN (HIAT JHT0 I8 51 A
f3fS WIFF ARIIEN IO A TOITS BT | WA, (FIAT JH16 IBCS (WH (T AN 21l =g,
S OIF ©F (Mass) I | IBI O T NI WL (T- (AT ZANST (ZF W (FN I W
ST B3 TFR | IBT O O B, 91fS, Srormrar To0™ 71 e[S 27 1| ©F, 9IS A (I 913
W%WWI Yoy ST RIS eI ST WG fee~ (Sir Isaac Newton) dthd
ST fONI0 Jraq SR I UL O N % FASANT (Principia)-(S AF™1 FIN | O
NI 4 FSNB FAqTF OGN ST I | TARTAT AN [ =Cel-

SN JF: AMRF (AF (AT I IBI BT ATF W (A WA, IBI SHNF ICeT a1l ah *0 2 % I8
B AMF 32 SR IF ST A (AT FATS ACF | 4 TATH ool ¢ IR AeSaT fNThe
S I =W

T E: (AT IHT0 IBI SARCIR AIISNI T AT I ANHANGF 43¢ I (THF oS =W
GARURIANRISN (IRTF B | G TATF I AN 8 FRS N Tg I =7

O 3F: ATOTF (AR JBT0 TN 8 A0 ARSI IR | WG, ATOTF (A I IH16
AW 8 RN ASTFATAS I6T || G TATF IGTICRA N A AT (G20 5 I I

Angle of shear (@)
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Sj.ﬂlalalz
2nNT
P=""min
4500
mD3fs/Ss
p=—"
16
3 _ 16T
D" = mfs
TL
=5
_ mD*
T 32

TR
fs/Smax = ot

P = O YO
N = (N5G/gN STe4m
T=5¢

D = IHLod BA
L = "IIe67 (il
0 = (NIHG (I

J = (TR (TN [Izz = Ixx + lyy] Izz/) = =

D4
32

G = TGS O] RGISo/MpeR BMsF
fs = F Ao~
TG _ Ao

AR SRINEPY

Smax _ Ss

c " p

_ Smaxxp
Ss = c

= =F
F=PA[P="]
-'-dF=SSXdA

Moment, T = [dFp
T=/Ssxdaxp

T= meagxp dAp

T= Smaxfpz dA

C
Smax
T= c J
TxC/R TR
fs/Smax = 2R gmax = 1R
] mD®
32

Work, W = Fx d [d = (NT6'G AfRfH I91]9]
= F x 2r = 2aNT [T = Fr, N = (T5G/go(N S4TT]
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ST ST
(P & f 8 @R (ITT5)

(A, AT, Frw @ T 8 @R @IS e, RS Tepe T Teonif)

> AT OF AT TSR FIOCT | I QFIES ATATGD T TZ T AT ToF IS B
AT FBTe T |
> Sonfowifer RBRREs AN: @ FFa AW g AT AT Arw—ER J@d A=y Hefaar aw
SIS SoNoifer feORMATAS I I | 7 @R (RIIRE AT I 7 &FF 9 QF ACAT
eifSfaaT TIRE! G TRy el a1 T |
> SorifoFnfer SRARCORIATES A: 7 et AW @7 AT eifsiemat e e ey T
IR O IG7IrIfer SRCHRMRES AT 0T | (T e G (RIIRF I |
RRE [ E
> ARSI gfPre I « T I 93 Tow 4w (8) Cantlever (b) Simply supported
TEOI ACATET TF TAEF IR 97 ToF
SIS OF 927 I | : . T .
> SRR AM: ¢ AT AN @ G ATATGD ™ o ;
(¢) Overhanging (d) continuous
AR YEOIR W% GRS &8 SSIT (A
@F TR WIS O 72 I | :| [

1 L |

> OIS IA: @ N7 AN 9T 9F T T AT
ACANGS IR AT AT IR @ SZR &G () Fixed ended () Cantilever, simply supportec %
TR SIS ©IF 927 (A |

> Wi N G AP I G TS &I ATANGS I YPoI Wia AT G2 G T WIeA>re
ffey o <= 31 |

> (RIS AN

> ) A GRS A @ A5 AN FA ATATTT Tog TR F0F @R @F TF Sife ey
O R (I |

> ) e RIS AW @ e I o7 @ SfEF AT T2 SRPA I @R O T2
FitFifre oy o 927 7= |

> AR T@: ERS IR FI@E SRR reriifafos @eee oy, i WP
ToT Golieed Arerlifafes QiweeT ooy, STAifre ITTeed (NS @ Jreriiffos e &,

> SR YH=0,L V=0 M=0 = TP suRRen

o el SHCICEe T =

2. Roller support

B

e

3. Hinged (Pin) support

& o

L o!
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é‘T

) ARG AL EIR E<PAG ACATL AT (A CPI MCP QIO ANNC [<PY (A (PRI AP I8
2AFSTAIY I | @RS IR SR FACRH I 7! Afsfemzt o Fe w63 o< Tow o a5
el

> ) IS & ACAD: T @ e 903 69 @ @7 Ao ZAed AfStay T A& E@eed
SR &0 fofe 30 @ @17 @ieet eifsfaa femam w63 wdfie S ¢ Ty oF 359 3 |
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Some special loding patten of Beam:
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