ENGINEERING
MECHANICS

Notes by-

Pravin S Kolhe,

BE(Civil), Gold Medal, MTech (lIT-K)

Assistant Executive Engineer,

Water Resources Department,

www.pravinkolhe.com




X

=i |

Er | b et
(B.E Civi
) :-:{Eﬁl;@‘ SQm.lS?\"\(’Tﬁ & %WTB" c.(n = % X
Nel- et cone .»Tlf"m'zvh e _t;g %

Susheam of a cope .
V= Eh [AV+A2 + M
2

I
J

AQ
3yllabus - Kinematics & Einebics of particles & vigid bodies. A
space-time telat’- Yinemakics — Geomerty of mction - (MLT - No Mass involved -
kinetice - fevce thal cause the. mokion. - Tnvolwes  MUT
Kinemabcs ol Parbiddes:- - ¢.f//x LT - wheye 3 When -
Rectilinear Mohon - fmovement in sﬁmigl«\h Aine
Cuyvilineay Mmohon
| = do
h-92% Ak
Tl
accel"= dv - d‘IQ-: VE s est = da
Tt fr ) ria
L3
o - Position, V-wvel, a=aecel” §all funct” ot fHime,
at low speed, aecer” is high whe re whop 8
%‘}‘D(,Lce i 2 Mo st
oL < L bgd:lm?r\t
1
\ st fe Lnéhkmeni a
eq”
a —— i
a=F Q9 -
a-=f{(a)

o B ~ (ra )\




a=fe® ;  q=v.de

d% -
Sog.dV -
. ¥ %—,i‘ = ff\q)
Inkegyake
Pro:- . Mohion of a partide is defined by, z= t3-¢t2egb-t s

find D When V=0
5 i N
i) Posibion, accel  whenp t= 5 Sec

501 V=dL = d (43-6t%gt+s)
-k dt
= 312 12t +9
at V=0
3t2-12t+9 =0 A\
t%- 4t+a =0
LN (k-D=0.
"'it=i oY t=9‘--‘ Seconds -
Vel ie zevo Fov b8,y b=28 — Aps (D
A5 = (B~ 6(48(5)HS  — - -~ ab k=5 Ser.
[ds= 260 ___ _ Ans £
aevet™
a= d¥
At
=4 (st%iat+s) .
dt ot Ei}——m—————-ﬁ’i
5 e
O=6L-12 Dist- kawvelled = & 2 ()

a

A= 6(5)~12 garf‘e;-///_

( find the distance tawvelled in 5 Sec.
at t=1 & k=3, wloaly =0 tve at this pt thange in
divechon
% =B m Substifule = 0 in abow eq"
. 2 =9m




g = ? 8D

Yz Bm Loty - %ol + (Fa- 2| + |%5-2a)
Ly =AM - 19-5\+|5-9[+ [25-5]
Y = 2D = Q28 mM. o
e = | CML
Peo-  Acce)” of a parhicle s defined by a=-04Y, ais mm/st &

N ois mm/s, IF ¢=30 mm/3 ot t=0, Fnd —
» Dist  travelled before coming to vest:
i Time veqd: for that:
i) Time vegd- for the velodily to be weduted to L7 ob ibs imba] °

vodue
301" Q=-0GV Pashcle come fo yest = vel=o.
A8 = -0:4V
dk

=D Sd\ﬂ = —p.4N - dE

==t ty
— Al = ol i ,
? Sv &) 9(5(&
20 N E
':>[L09\}]=[~O-Q£]O
30
LegV - Log (3) = —0-at

Log (_%5.: _0-Gt j LX?Y&U v in terms of b -

i

log (=% ~o-6t
o (3°> = e lj jake expopentiore on both si
loga _

but e&é e (2
\[} —G‘_OIQE
30 1 |
== o4t ;
V= 20 eOM: Y= 30.€ = for V=0, e
=2 k=0




A man Noveld with e, 4 em i, ve tminy, s km) k.
. he will newvey reach ab e end-

L S ”n .
| + LQ_"' T/q-* ]/@-!' I/;g*‘ !/39_“‘_ - .- Not Poss:be
= Pavbide will never come to vesk: — (D
\9: ?)O‘Q—Of!‘t )
. dr =g0.6°°t at t=0, L=0
at i
L= v L
’ podd & - e
jc(rr :530@ dt BQ doe o.’}
L
240 £=0
2 _obF 7o
., {q} - 35 {Ieo tt}
2 . —0Q B
:1:36[503_80- - G_GOTO ) eo: _l
-0
. = 80 [~_1_]
...O.Q
e 7B mnﬂ__

Vel is never zevo , 1t is 2ev0 at @ b= o,
~ Change in position= Dist- bravelled = 76 mm-
Povhde cloes not vevevse ks path-

W Intkal value = 30 mm/s.
Vs L) ol 20 = 03
let =230
0

o= ws 11515




- susseed . : o 2110\
Nob 70 math. we wed foy Convinicnce. =
mcﬁt degwe

log — Rase 10, n— base @

o - a = Qﬁrgr'f . No iniHa) vel. at x=0
mm/sg mm |Q \9:0_, (L:O

find = D vel. when x=20mm %
B> Pogition when vel- ¢ again zevo
i Position twheve & vel. s max -

&)™ Q= 0B-Qa% brom  given cond.”,
- dla cwpoma? ¥y=0. at 2=0 &
™ ak Et=0.
N dY = 25-qat
do

\9 4 * Q)d
ad\ = (2B6-3% ok
foas- |

{ }9;}‘: - L(QBZ:— ?,%%) ]:

y? - (qu—g_@)
%

2

i
N=¢ ab =2
W= 2 (262 -22) [ =2]
-:ﬂﬁ&

4 \9 =*g-l65 MM[S T Denotcs that paticle will move

AU —> OF <.

D Posihon wWhen vel. is cagcyun 200 -
VL g (opa - o)
s ak e,
- 9 (267-%>)
© oBoCs @B
%95




0:(%; }01 Vel 1S max oY min,
\g = da i devivahve will be 2evo -
dr wvel- i max, when aceel” s 2650
i), Velodily is mox.
G a=dv
dt
£ 0=05-2x%
- a=o0 for vel Yo be mox. oy min:
26-20%= 0
\x =2886 mm |
- END — —

MOTION (URVE :-
The gvaphical display of fundamenta] 4" oF mokon (ie-
1=t , V3L, a—=t) is known as metion cuyves -
On graph  d¥/qy ™eans slope of a kangent.

Thw @ v=dz ng%_-—s slope<of = Slope of -t cuye

a = %[J% — Slope ok V-E curve

Qa

¢
o ta
S d = S Y .dE ¥
g A 3 ' %
; 4
xg-o = Ayea wndey V-t cuyve

déc.hange in position rdootyd i3 the area wunder -t cuyve

chanae ip thy 4 ovea wnder a-t cuywve .
Posifion —> Avea(\I-L)
velocihy = Area (au-8) |




S - ¢ i
ock — 20 Lo 30 ~ Geovge SiY Keept 26, £-20 10 9:30
j
24
s

‘@ulé Nov-1- to 30 — except F,1,12,13,1¢ 24,28,
’ Dec - 110 11 - except- 5,

-

Fer  Uniformn sedd b Const
Vel .
L

Unifor v acel” /\ \

pro- Twe ¢avs ave \mv»slhn_q adgacent HLL lones . B is StOPPGC‘ when ik
15 passed bg AL which  wovells at a const speed of 24 em [l
2 Sec. latey B stm’(s accelevates at o const: vate of 09 m/s®
find when & where B il oveitake A- sFeed ol B at thak br -

%" Na= 24 km/hy = 667 m/s
Lp= ty2 Sec

sy BT RIS =

-

A

l-(:}._ t:é:: ,f(—}.:‘l 6‘. i :
aa-& Qg = const-

=
CL_ (%\__ELJG\\@

g stayls ofkr 2 sec

s = L+ Yaad? ' S-ut+ pal?
U= urak W=6-67 Sec = congt = a=0
Wt 0™ Qas : Lgegi6m t — o

also, s=ut+ s @™
Uu=0 ot a=09ms®
ak b= -2
g -6 + 1o (6:9) (-2 _ i
equating (D & CiD
6671 = Y2 X0 9 x (t-2)"
tind t

let 9= U+at
5 w Ak 190 [5=2)




cuyve -+, U-t, o=t Select \-b cuyve

amoung  Hhyee
becawse its slope i-e. d¥ur is aecel” & ils avea undey

cuyye s -

<

N = o
e __\/e_fnd ECLL OVGT}&kfflﬁ ) aac‘l 15 0 d TY)/.S /m
el ot this dme pL B cvosses A

LS consd :1'-@- 667 'm}S-

A— vel. ol

e —
—
w\&
' F{O
2
v

1-2
ng}aﬂs 2. S latey .
Equaking awea under A 4 awa under B

CLG-g7at = g (B2 (W
09 —> ’Tusicmgl,e_ land: = V¥ = 09 Ct-‘Z)

But M= = 09
E-2

. 667t = Yo (E-2) (t-2) x09
467E = 005 (A% aE+6)
667t + 18k —~045Lt"~1-8 = O

—e 0.GALTmRGT L H B =0
1E=1865; t-0213 |

\$ = 09 > ¥ = 09 (t-2)
L ‘ = (%6-2Dx%09
|9 = 1698 m/?]
g = 667xt
= 6-67%186

S = 124062 ™

186 Sec ak a

s Car B will overtake car A aftes
velocily ot 10-98 mls & at a dist ol [124-06 m hom

originak plate.




Po:- A is fravelling o o constank sSpeed VA . TH appwaclru R [0

movmg n same dureckion 7o km [ & pohices A’ when STRES ¢
66 i behind-'B". ¥ then he accelerate at ewmsomis a constant
L0715 m/s* to avold being passed by A Lf the closest that A come

to 6m Ffind VA

o R VA—> —>72kmlhy = R0 m/s-
ﬁ@_ﬁhf\] E,/LL_l (k=0
/—«d@m
atk o Gom dist- B 3 nokices A
e. NAS> VB .

ek some Hme dist- bet” A& R is &m. Find the VA.

V'F

. exha dist kavelled by ‘A = 60-6=56m.
k- / A af +his pb.ouel”of B becomes conckant

VPr & A LS a]W‘odj
; VA-20 = .75 congtamnt
o | t 1
20 F ;
i = -1 = VA- 20
[ 'L 076
t “t
Hatched gveo = 1 (VA-20)-t Poalyhically
| e;\p fovy SA —
54 = L (Va-o0)t Spo— )
SB-SA = -
e .'12_ (VJ’\—QG)(\}A—Q_O> ..tj{_. (Sﬁ—gﬁ) =0
075 d

£ 108 (675)=(Vp-20)>
Rl = (Va-20)T
SVA-20 =9

{va=09mls |




1/16%
"('_"_ q C —— _'__y T /
_ ' o

fortion ¢ \ -
: N\ any pts:
A _‘J,"*_'_—PE?EWP _f}\(% B l
/N { ' ’ B
[ L—‘_ _J¢XD__..__>J. ; 1
e, e Py .

AS ‘P@S I*fcmopfns G.t Sdm@ POFD’L ’ C_.Oﬂ&“id@"f ad 'Y@[' PL :
Hx,

e can seleek any point oudside the blocles - ov syskem .

Lengtb of sheng = Constant -
o AR (AALAB) + (AA+AR) = K
L AA BB =K.
2 oA+ 2olp =D
" 2VA+ VR =0
B moves fo the wight ie. VB=+450 mms- .
OVA+S (450) =06

VA= = 676 mm[s] — O

. \
VA moves by 675 mmfs  towaids vight

@ \el of pofion D ot cable:-
Consider any owbitayy peint oD portion D ak %o hom fixed
point -
Poink moves but length ol string does nok changes-
holding lowes porhion .
Ll A+ (Ap-Wp) =K

e —-%Ap= Lk
S VD = 450 ()

Wo= + 850 mms }

VD mpyve with * 450 mmls owatdy HaL\TL

> Relabive el of A Wy t-R-
VA = ~616 minls  (—)
Vg = 450 mm s (—>) VAR = 450 mmlt —>

_ —675 Mm)s
|\ Vaje = 225 mmls| (<) el MM.)c el




V) Relabive el o ¢ wor b D
B =9 =K

t\/c = 050 oy (—>) ]

Velp = 4SO mls —>
D T
-4gso mm)s X




