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_’L.l> Dinersions and Units

Defy - Dimeasions’
’EVMO fh&,(iwe 1(40.4([/0 /»U a_f_LGJ{ca«Q @M'
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Notation, - [u] pepteserts pﬁaJ?cwg dimensions ov‘[

u.

_E&%f_(_é:

[Li'\za/z pasihom] =L @awfi\) The 3
{u,\deﬂenhﬂ

[time =T (time ) dimenscons

[w\as;]: M (_”‘_“Ji)
[ve/{oﬂa] = LfT (('/‘0“\, T tine )
[afea] = LF (lmo#k c;uaﬁea()).

Noh'. Reof Awée/;s ahe aqc'qm:‘qlcu luanltlllé;.
The a@iqma‘of\ oxc a heae Aumben s 1

VeeR 3 [x]=1



Defn: Unifs

Ano Oa.c«ﬂ wandidy that caq be »\ea.ruAuQ needs
a ‘unitV of MQGJ«/;CM it
Eﬁ@.upk_:

Liqeah Pa;f([oq,/ J/daqa,/ leaghh caq be measured b
uuls Suck as Me(he;,mcﬂe;, miles ele. d

S| Unds
This module uses S Unk fa MeNul.e:qm{S'.
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Ph JI(a[ /1“‘10154‘044 {o“ow cun‘«uk Au/csl
ﬂ'p {o”ow.‘v hales ose axioms

Ax:oﬂ :

‘> Real numbers are diensionless , i.e. heal numbess
have a divessiop of 1

Z) FoA ana fwo f)lxojlwe iuuh{r’es A and 3,
4=8 = [Al=[e]

We canno comfahc fwo 1«au‘a‘(’¥ét with dffesenl
f‘\U.ﬁUl diﬂbt.sfo/\s. (méh,;fo:.‘lﬁvd

(A1#[6] = #£6

) For a3 phyical quarkibes A, &k,
Atg=¢c = [Als [8] = [¢]

L) For ony 2 pkoa:wf 1}4“4?"‘66 A and 8,
(a.6]= [A1.[8] ad [Af6]= (A1/l6]



Nobe: Rules 1-4 mﬂdi
VAER , [AA]= [A].(A1 = 1.[41= [4]
= []=[1]
Example problex 1

L(«{’ 7(&) LC Fhe du‘#am a Cah mov oo hoyf a
(ixe-? Poin{’ 0A the /7004?, e 1[ "

(6 =ut™4 4 Te”“
{zh‘ Sorfe Constantt o j
::)Uo ane Fhe p‘v;: dﬂmﬂw of these cost-
Gubon?
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[wet] =(gt] = [xe** ] =(x]-L
(] [l < QR 7L
=2 |« = L/T2




[ptl=L = [plle)=L > (lT-L

2>|[8] = L/Ti
e™] < [v).[e*] = [v]1-1L
F =>i[ﬂ= Li

S l=12 0] L 2 [A1.T-1

2] = 47
“%AAOMCA {:;/1 exfor\wllia»? {unclt}»\, must
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1.1) Kinesabics in, 1D

Co- ondinafe gysten:
Conside, a pasticle ooiv o & d-laanl\l bne

— —4-
The {o”owiv _JLM'OL'(I‘CH[:&\ s u;e@.'

Aa 0 'u(’ wl\osc Mowl:o i‘ dk!«'eﬂ «n‘“ Be
i

7; JCJ(A{LQ mﬂm Maﬂena{ia/&, we r\ceﬂ a
¢s - ondinate Joden{

'> Fiast we '\eetg b chose aq ahbi(’/\a)U foinl' oqthe
line and call ot #he oh‘ﬂu},.

—m\‘ - >

Z)Jca»uQ we oLooge H\c Co-alzfu\a& axis aLnd
the [me o( M°H°'1 and chose 1% pos.‘{ivc.
Jl'he(.ff‘ort.



6) Fi"llb we de/ole, o und veeln © whose ditechoq
i< fhe u‘mz: as the posilive dinectuy, of the
Co- ondinate exis.

A is a unt veckon D211

Defa’ f;ﬁiﬁor\ vecton 34 L detled
ofion o a particle s desenr by o positio
e 1 (é)‘f’ ¢ y ¢ $EU,

L (t)

V4
—=—)- . \
o % ® !

(£ we Kknow the Fg,g,‘bgﬁ vecton of the faafn'c(c,
we  Kpow tVery H\«‘A& about the palzéio[e-

=

With the help of the uait vecfon T, the posifinq
vecton (k) can be he,p/\em{e-@ 60 the {orm

OERI00

wl\eAc ‘x,(é) § @& ,gca[“‘{mm ca[/eap the
Co-Qgﬂigqu oh _P.Qé_;ﬂ% on the Qwroguf o.F
he Posi{’to»\ vecton o( the Fa/;{ic{e.



Note . The u~oh£i4a¥c x(é) can be \p_o_sii«'ic oA
Atfatve on _geno.

v 1f x(£) 20 theq diseclon of posthion vechs
( Jane a$ the po;i(ln }Mech‘o»\ o( 1he (o-olag-
i'\o‘c axis .

VIf 2(6)L0 theq +he dineckion of the posi&%
vector s o”osi‘c t the po(ihve ﬂ.hec(c&“{
“ﬂ, Coiollﬁc‘r\a(’& aexis.

Remark °
It l:upoh‘an{ 1‘9 sfihtm akl{ Vecb& 1(aar\ti(>ie.<'
fhom scalan ones The A{gmina nofafioq, will

be u¢ el

.V

will A&pf.e;w( a x/ecfoh 1uanjrifv

'V w.‘(( Ae?)\efu% o Jca(M 7uanli®.



Defa: Displacewert Veckon
CM.S‘f‘ Y now twe (,Mxeca\lw& MMM"S ”'F 44'&(&,

t and t+AL.
we defiqe _:_{:‘cp(aaﬁuf vector oq +he infeaval

(b, ttae] as
AX = Z(eebt) - L ()

2 (t+A¢E)

N2

X (¢) X4
\

0 x(t+at) 7

W

oY

s
0O

Again uJMd the unt vectoh £, we caq whife Hhe -

F(acma{' vectoh U the fohim .
AL = R (eedt) 4 ()

=(x(t4At) - 1(t))?
= AxT

= AL = Ax?



w‘\che Ai) (S the _&Mfﬂn‘( 07[ the glisrlacegyf

vec!m.
14 (s a <calas 1ua4f{/0> andl caq be pos:’{(va,xeda{f&e
oh 6%0.

y ‘lj Az>0 theq the pa/z(ic(e has moved) un the poshve
i/;ec{w\ o{ the Co-ohaoma\le axig, over tiye
infeaval  [t, £44t]

s If &xlo theq the pastide hag moved iy the negative
dinector, of the co-ondinate axis | oveh time ind vad
[t,¢4at]

:Dg.(vl'. Avu,agc \/&Ioc”o:

Aven \/eLci-lo o +he intenval [/:,HM:_] s 4414»
ed s
-
ez A% = Ax g o=y (e)e

OC;‘\IU V!CéO/I (0/) diM,f) ‘“\C avejlojg \/O(Oa@)

(564[4/1 \/A(f) cad be po!iﬂ;w, 4va/»(vg oh Ze1o-



_ﬁ_qm‘mc »Lai_'n (avel\ e Va(oab)
veh

ch eor4¢1l iy mean o-( the e veloa
0‘6 the _‘L[o \{Ao A&_J& C,ormeca fwo om‘(‘s

0{ H\e ahaflt xf) aMuFMJuU fo tan t+At
N

x(t4At)

Ax

x(¢




. o ° locity o
M. l‘:ﬁaﬁa‘;‘;ﬁ v\ﬁodio.oaf time €, L;da(;qeﬂ Qs

?(é') = lim, ?(6.#6&"?&)

At>0 At

=l y(t,4a¢) - X@Q
At At

= dx(t) 2

taic ?e 4ing o (M\Skr\\(qeou! ve[od )
%‘;MLCT'M ) dﬁ,tﬂdl"\d of the iqs{»m" {e0us

eloafy V(L) s the slipe _of the doment line
\éo H«tvohirl\ o( K(bﬁﬁf t=¢. U

an
'C

Dc}aoham{'ic /\cpl\e\scn\taﬁ% s showd o4 Aeat p(ﬁe,



4\

x(t,4At)

(b4 At,)

-

2(t)
0

We l\ﬂ‘fc o(b( J Ve WO a‘f 6419 (5._ The some aq be
i

done fon any anw‘ time
Jo, the mth a4eous Veloc.‘n a* and {n\c t s

v(t) = E x(e) O

Pl\ sca( ea,\.,v o{ w,(oda
H\e Ve‘oc« the palhlvc lS Me /mle 01[ c[qzr

04 PoS:(m\'



Defn’ l«JIMMeous -Accelflzdl"

The u\gladla/lgou( OCCc[Mmlooq, a (‘) (4, be Je-(meao
V\ Qa du\a(M maath @S

a8 = d¥ = d ()0 = ale)
dt  dt

oh ¢Quva [eatly ,

HOEY Jx(é)" = a(t)t
det At

Also i£ V= v(x((»))'c‘ ‘U\q

= dv - dvg
dt dt
= dv . dx chain fule
d dt
JV v%e.

Pk Sica u\r\n 0 acccloﬁmlloq
'ke acce /Q\«G the pa&‘nde (s hak qﬁ

(% 010! ° V(/ 0(,!




Exorgle problen 2

The oSiL(o'\,{‘ o-‘ the pardi l ) a

sha,gH line i giver Pbo “e Ay o1
2(6) = t"+ pt v

{r Some Cor\s-}a»\\l( «, B, A

Find \/c\oo‘ af\c{ acccl‘uwln‘o'\, CLe(/k
whedtheny answen (% JM"\"“"L““O cosmech.

Q.uﬁo'\,.:

The Ve[odb is

() = dxlt) - 2ol 4t
v(t) 2 ﬁ(«htp% e >

= 2tk 4B AT
a((_—) :;%V(E) = j&t(lo(k ‘(’ﬁ-AXC‘,\e)

= 2t Ay et



We shall only check thot the answen {#
the a(ccleﬁa%ao/l 'S djw\e}tsio»"o(k] thd.
We need o Show

(al)]= (2 £ 227

Oq the LHS we hove

SNON R

(MMG axioms ¢ and l()
Od 4+he RHS we have

) = )] )= 5

(us.‘ axioms 1,3, )‘>
From ) example 1

]-2 (A=0  [¥):)
T* T



1.3) Mokion oq aq Inclined ploe

Phugical laws ane hevealed as o Aesult o][
oLgv\va‘ho/\J and exm.‘»\uk



:Ul) Ohaliv\a/ao Di-(-(%edid Eiual"O’]S

Nola—‘iof- F/lo»'( now 01, we &L\a“ use +he —(o“owi'v
"o ofioq

x(t)- 9_1%(&)7 i - ﬁi(e) / ,
[’” (6) = dt) = dual)p = (e
dE dt ’

P) = 2le) - alt)g] ‘
30 4200 dvl)e - vl j




Deb, 1% dey 0DE
Most Lind esdes ODE e be  whitteq as

F("')i'—) é) =0

Hexe x(&) s called +he &PM&ML Vaiable
and 1§ on wplfown of the jAAcfﬁé_e'ﬂ-

VoA (‘al)(e. t
Exam glqé_q_u_cwt_&‘.

The Ge.tu,ql 4o‘u“|‘of\ o‘( the ODE
x4 M =0 (reR cms-‘a«#)

N dx = -
dt

=> Lde = -xdt
%

=> JLJL > j-)xa“:
C

= Ialx) = Mt +C
:> o = c->e+<,

:) x“) = cceﬁ‘t
=> 'L(é) = CL-'\ ¢

C i oy ahl,{\(ﬁmo oy ctant



Th le do(mlf n ‘(i b ood
ODCE OC}qhms _QZ;L j& Lflr al\o hgz; 5940:?;.

W edesy b obtoq a Wl que ,Sglg:{’_\'o"\/) we need b
69(0;(0 oM i'\iwaa[ co:\‘d:\tu’oq , € X,

‘1(0) = %, (ffo‘) &op\e Give'l CO*{S{’GA“ 96()

Liness _

o the funchioq Fle,s k) is Lineat iy the
w\b\owr\, (u'\c%‘ov[ «x,(l:) Mci «‘-k olehn‘vnlivc
% +then +he ODE s Said 4 be [iees.

The most o%u]al finet ondes, lineah ODE
hos  {oim.

EH At ) - Hﬁlj eq, (%)
whene AE) and £(8) ane givel furchims

_Homo us i us -

The Qﬂvg finst &d 001;‘5?_0\)5 (61,(*'» IS
homopeqeons if_4(8) 20 foy all ¢

+ i ir\l\ouooqeous i-‘ 4((4:):(0 V-




A M?) _impostand gnd wsedel sesult:

r\wa do( whio 40. (n'\caﬁ |Akomoqe1eoug
O])E s the MS‘ paﬁ jcaleg _goliion,

of the inkomoneqons eqtation av\d_ﬂ:_amw\

&@M_«@va konoog, Qo_g_giua—l-nor\

Dets, 2nd Ondey ODE
C\[’\, T;‘\e Mos}véqc/\al setond Aden ODE has

{oam,
F(l;'iq’;('/,t): 0
EYM\?(: Pho“A 4

¢ geerel soludioq of the Second eide
ODF
% - K 20

A'\Sa‘('éz ASS‘M«C doluhoq o‘F %v\/

o
%:ce

¢ g Aux\llaao equebion,
=020 D (a-M)ath):
=> oz 2\
Gerehal solitioq is

-z
x(t) = AM«L Be )



Ual! do(u£014 any Lad oAdes ODE
Cov\g g, MH—haAG (040+04‘l‘§ To oHo:/L

r\} que solut solution Y we p\ceo( 2
Cov\d 101¢ ¢

x(o) = %o 9i,(0>= Vo

The  mog4 ¢ mal lineas 2ad oadey ODE
looka like ﬁ\;\
l‘i 4 A(&)i + &(é)x . «F(t> UL(*‘L)

Wl\(ﬁ( A(e), @(t), '\C(t) ohe ai\le-'\ -GMC('"O'\S

cous ar\o( \'\l\OV\OO‘CoMQ
Ql,ovc etond oﬁo(g} [ofleah ODE homog-

e/leouc 2! {t)“

It s mkoMoou\eoué if 4(0%0 1
A vm(? iw\ge«,{anl ogﬁuglutmmnf

v\wu( Solutioq of a (n'\w; mkoMOGA'leoug
ODE 1$ +kc Sum an _paiucwvs solbtion
0 4 oh$ ¢qation av\A 'H\Lac't(/n‘
_«_Sp_@m_o{ the l«o*loGL C.Q_S_ﬂim 04,




Ln'\(al] ‘\ow\ Q‘ﬂ“oﬂ 2nd B’IJO‘) eiunilo'\ with

cor\s an aen S

wt Ax+ 8= =0

con be $olved by using aq AAsi‘!' asSusin
'\} the ol |0/L ka b a

xl(t)=e CAeR
SubsAidudion Q.eus A««x.\l«xo QVA«L%
/\ + AN+ 8:0
These ane & possible cages

’ l‘{ i has 4wo dlSl’('\CJ( f\(al Aoo‘g >\ and)\z_
H\c'\ the Ocqumr éo(u ton o\ﬁ the ODE s

(k)= Aert 4 68‘1&

) le '(' ‘\03 1 Cowtp(ex (,or\)toa('?- lm‘k

L4 ¢ Gi\d S

T‘\"l +he Outma[ oo‘u (o*l LS oiveq
x(k) - ¢ etgin(pt) 4 Clc‘*coS(Bfg

14 i4 }\05 one douue hoo‘(' /\ 4kef\ the
czlqa &o 1.01_ ‘\as H«e

x(t) = ALM gt oot



