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smeliee [ W=7 (Sound)]
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Syllabus:Simple harmonic motion - forced vibrations and resonance - Fourier’s Theorem -
Application to saw tooth wave and square wave - Intensity and loudness of sound - Decibels -
Intensity levels - musical notes - musical scale. Acoustics of buildings: Reverberation and time
of reverberation - Absorption coefficient - Sabine’s formula - measurement of reverberation time
- Acoustic aspects of halls and auditoria. (6 Lectures

1.1. "ITIF{_ @ 9 (Periodic motion) 3

T 3 A (FH TP T RS T @3 o IR ufee 30, w&aqaﬁ%cai
+fgge s 3ta

AT I TG AR Y SICS G IR T (737 R G2 awiaee 7R3} fareg wea
N | @R AT bR =3 oifSre wmt «{fge ifS 7o | confa wfea g B it a1 fifsa
ot #fige aifere )

w4 I GG (=I5 4193 IeTF AR el e I« @S (pendulum) T 41
T IR (AT HAEHTF (bob) widie gied 761t M ARe61 (Bra (20w ored I1F, s 1
A AT € GFAR WL TN 3R IFAF 978+ e F209 | (7 TR (@, @ AL e
TS O GG {5 A w19iTe | IR (AETCa <2 ifST0s wiige 5ifs o1 T, 7y (g, @2
S TR SRETIN I =77 I, mﬂﬁhﬁﬁs’!’ﬁﬁ (linear periodic) 5% <=1 77|
e =it <k %WWW&W bIS 9@ (rotational periodic) 5ifS3=1 2T |

1.2. 798 (vie9fS (Simple harmonic motion) ¢

weE 3 (RN IR TR Tl 99 et [ F0R wie @ 9 69 A Wﬂaw
w4 (mean position) wdt (& GFS Rz afsefeyA = €98 Q@ T LY @ IEC
QTS IJA AF49 (displacement) Wﬁ"ﬁ% T, OCF @ IR SR @ T fSTs saet
wieeite <=t < |
| YT IR AFToR Beim a7 vwE it (7) R weat () (Ffte—@ e e
A | e fFadilsr w=iy I (constraining force) SR T AT ST 20 7A
& arersifs @k frs fFaiiier i 709 (couple) A BF (torque) -4 SR (FIF STw
FEHT SIS SifSE 2re e (s Cirersifs i 212 | i I 72wt (AR (esifon
T TS F9 | :
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@ 79 (Aieeifor (Mg 3

(i) 9% oIS NS (oscillatory) R S (periodic)—elie 3=y wEFTA @ UTT GG
FALI IR 9F2 ~A2 AS 0 71T o T3 |

(i) (T-F TR (MIFAETS TR, (-1 YZCS I G (18 ANIPIF FACHT ANAIS 202 |
@ 7 TNOF ST Tg-TRRIT (AT FE A#ATS T |

(iii) (- T20S T3 72 A AfSATIT W -SRATT WSy A =7 |
1T ST (AIETCE A1S, e (tuning fork) Aga 51 2eTs w7 (amsifon Swigs |

[ <ol G ST R0 @ e Grerefs Wi =i oS —Reg e sl R et
SIS 7F ] ‘
1.3. 378 (RieToifos=E agEIa 7ad, (3% Tojifw (Displacement, Velocity
ete. of a particle executing simple harmonic motion) 8

o Reas el Fdie Tare age TGP ¢ A0 71 x T,

(1) 7@ x = a sin O¢.

(i) @ v=9E =0 [22 TRY,, =0

/ - _ 2

(i) e f= %‘i’- Z-mzx*ﬂ?‘hfmax——w.a.

(iv)3e P=mf =~ m(ozx @RP = ma? a.
1 2

(v) feE E, = eé* mu? = 5 mw? (o - x2).

(vi) B E, = 5 ma® 2%

s — 1 ’f_ 1 ’cifzx!dt2
(VH) (A Y W% n= E;{' "; —-52-.}: w-'—-—“x

fi T-—L:Qn: =20 |
(viii) (RIETCRE =RERE I'= ) f PPl il

[ Seivars e S i BT SRR 26, G Ol e ST S ZE A ]

|=
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ol Y S 2 AROS(A ! T

gl AT 2 ¢ (1) o i o g 9 () S |
e A T e W i el ARl e & T TRl IR T
7% 41T T G it e [ eI e T (o e e, w1 e
Fesla TS BA | ' :

o e Tl w) af A G AT e T8, OTF & P SRR T
1 @l Pl sy <l o 3 i SiE e O35 Fesa T (B0 (2l (e
T, T P AT T qigid EAR BT 1A Geperarz w~elw B AT ST

o] T FIE AT 7 Twigael AReaie il S| [C.U. 2005}

g T 4 (R s 9 (periodic force) IS (A TEE AT FAF,

% FRCS AR T A |

il IR BT 47 SR TS~ AN SIS F et ag (s s TIE

ot BT AT A < i <A A 5 g | FAReS (e =7 1|

oA WP T 2 (BAGTE B o (50 4 B o T O W

o R ST AT e T AR, CETAICEA] <0 7Y T

Forced vibrations and resonance
W_WH (Forced vibration) ¢

e el vz s Wt O (R At orrena i, Befevsi ol agfed
o PO | & (AT (IS (Tl NG AT ST ST <Pl TG & i =1 s
27 | g TR (T I SRR SR SR (I SR 1 | |

siel T & viKEl 2 Ty 9T ¥a (@ oiEgE 99 (periodic force) STAAFLR (P
T AT TR (55! T A T FALE 7 | @ftelffe F4R (forced vibration)
DL | |

A o1 TR (AT~ 41 ATl TAC AUTS A T <K A e [ooT @
(ECIASTOR (tussle) W T | T T&T (RIETCEH SITOT B FACO BT ST 2 76T @ ofere T&IT
IS BT | 0, AT SR (RIFACHR (AT TSI 209 IR, g AT e ARG
< I S 0 R 2T AALYS T Tl Sl P R 2o 2re Ae |
T I o6 R (T A (e, T 4418 7= 5 U OO TG & I FASS
SR T & TR FAC RO ARAL |
| BRI & 7| TR BIZEe 4 TRCEE AT A | 4G IR o T BT 49
I ATET G (I 1% CRITA AT | T i s e ST oo =0 & (loudness) B ()
AT N A | SRS UG e 4] I 2SR i W =T & g T3 (point
source) 07 T FCS ST | G791 et Feee =cat A1 TATes 0ol 3ol et e
SREIRRICE T HIHCE foCet e A G S QA AT | -

—
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_ o <1 ARG T (BRTAA Bo1e1 (5T 41 2 90T TR (-G Stoll (AT et
mmmmlﬂimmﬁﬁaﬂWWWQﬂmﬂ@*@%wWaﬂﬁmn
2 Best 7g 7 Beo TS 406, TR (- (I G 2rerTs 77 SeoiE =T ARy S
YT G A R (&= N1 A | .

SR CRIFTIRER, CATETR (2T SIS IR =e{ e e izl | |

913 | IR TR TS T 7 TN (- IC! (A q6 ¢L i
3 TCE e AR Qe [ 2.6]1 @3 @ | || |
RIET- (3 TR B (ZCE WS | (G FRgrrier ey =eis
TS TS 7 FCATE | GURCE U MU A4 (I
e T Cres AR T« Bl (e AR T

W@MWW%@W%\%WM@E :
2ATE A (72 W CF ! SITHIsTas =7 8w (et 7= é;m;
Zra g ST e Swifere 2o | e fgeesd AT ondl ~ feaze

T @ TS B TR IR — g 2w SATHIETS 2007 | 2T, R AL (T
_wwwmwaﬁmcm@aﬁﬁ@mmﬁﬂm '

AP FALTS sifafes [RueEd (Mathematical analysis of forced
vibration) 8 -

T e, 4 Treg RYIRETS m ST @ TG AR O G LT TS 20|
ot ST s g TR 7S A0 TAL (@ T QT SIS ot (e, R T A=
ARSI 2 | el B4 TRCA (TP p/2m TS AR F, Reaa @3 #{ge 3 Fy

sin pt ercls) 1 2 | AR < TR S ATS RS, U sifo% T T ¢
2 .
md X — _ yx— ax ;
——_dtz Hx —T." 5 + F, sin pt
dPx,rode B Fog
w24, 5 +m dt+ - x=— sin pt
dx dx 2. _ : )
w4, —(5"2—4‘2}2.—&?4‘(001;—-]“0 Slnpt eeeee (1)
i, L=2k ;%=m% G Fyfm = fy ; 1 G g T A R T @3]
kS 43 | '
@ ANFICOR LA 8

Torzate (i) e TS ST (second order) s T AR | @3 A 72 T

2
TACT LA | 2L, d;gx + 2k%’f+ 02 x = 0 g go. TSR, =i R (solution by trial) |

2
——‘;; +2k%‘%+m§x=0 5§ SRS e g7t (T Nl | TR SR
G AT el AR G (R FHI = ¢ '

x = R.e " sin ( u)g k)t +o [Tsae (vi)]

S R, 2 e AT e A e 1 23 S T e Ted T IR
(T B ACEA A p/2n R SIS 208 AT S (1) 7R AR AL FATLA
x = A sin (pt — 8) IT T mmlaﬁﬁﬁﬁa«mm%%@m
-1l |

~
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o dix _ 2 sin (pf —
G, %‘% = A.p. cos (pt — 8) &R Et—g- =—A.p* sin (pt - 9)

) e TR G Ao fET T AR, | o
(—)A.p?' sin (pt — 8) + 2k.A.p. cos (pt—9) + (002 A sin (pt - d) = fy sin pt

w4, A ((002 — p?) sin (pt — 8) + 2RA.p cos (pt — 5); fy sin {(pt — 8) + &}

= . t—8)cosd+f sin (pt —8) sin d ....... (11 | .

t é%???;pﬂlmﬁ) T @2 'Fiofﬂzﬂﬂ ey 20, ANPACIR @ +I=4 sin (pf — 0)-4< BEX

: Tdie,
(co-efficient) #RFITaR I LI &K cos (pt — §)-43 FEANG PRI T A | _Qﬁ

A (@02 —p?) =foco8 8 i (iii)

«@q2 2k.A.p =fgsin d ... (iv) s . . i
(iii\) G2 (1v) TR AR 2 7w e T Az, A% (@,2 - pH)? + 4k* A°p* =1y

fo )
z A — T arsanet
143, KBE ﬁm% _ p2)+4k?p

(i) =R (iv) 72 FNP 1o} e o1,

tan 8= —2 2 _ e, 5= tan"! __ 2K (i)
(05 —p") | (@2 —p?)
. 1 2k
K= fo .sin| p.t—tan™ —=F__| (vii)
J©F—p%)2 +aR%p? (@5 - p?)

iﬂ\é«ﬂa, (1) T ANSACHT T~ Tl 203,

x=R.e* sin( wg —i? t+o) + A sin (pt — §) @A, A GR §-97 T (V) @=% (vi)
FAE (ACE AT A |

oITAIE T AT 212 Wi [Re ™ sin (yoog —k% 4+0) ] (AT (02 —k2) /27

AR RIS S (I 2o 30 <R ST oIt e I0eT ST (n/20) TS
TT TP FAT A T | A K ¢ 93 T GIATT BRI [ AT @RI T @,
(RITCRS TSR i TR 0o I P SRR I X0 T | OIR17 (RITRR (RIS PRis el
G R (TP A 0T SR & R it 37 - Rty A R 1 20w A 5[

9T F1ox MYIRPS (FF TG “I1qe a8 St s 3e o1 aifvr @l it «qee
@36 AT w71 AW
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] TR T AR S T 7 @bt o g e 2

el EAE A EE (I 9 (damping) ¥ AT ors A =, T AT
ﬁmmﬁﬁ%m >9SS | R G STEF T T A (LG A (T 19 Q@
e A e, A A g g A g YRS | OFR ATT T (4R
S 208 ARG

I 9 e A0 SR Ffe 2ra o oifen @a T o @3t 9= g
g 4TS |7 9% S Wik

(RICAT TR AT Tl sl frmet wam (et w97 o1 it st Wi | say
SR GRS AT T (le i) 0 e S Siee) 2 s{fige 907 S i
RIS 2 AT 21 0 | e S e @l ¢ 97 T et i
et AT CHNCET FSIRE S0 S 0ot W 37 A 998 DT <05 20 |
ST A T S | TN (R (R R W €9 (R o A
ST & AT SR AR i et 2 A | e i) G |

[C.U. 2003]
TAAR FICF A0 2

i< f TPy AIelAT s
srga] A (AEIE @IS w2 | ANgE AE ToE S TEA ’3}5 .
(normal frequency) Tasira ARG, BlF B AT T CERCIORREICE a ﬁ‘wﬁqi
AT TR g e iR et T (ol 4 S AT AR :

a7 P17 (A0S AT WA | €3 AR TR S A .
Rl 3 T (BT TS (resonator) HEE X FAIEA

T A IS AR S T, S & T S T



7|Sout1r1d TNG

A% (Resonance) 3

R AT RIS SHizere 3 27| o8 A0 I @ IR ey FeiRe I
RO 1 ot Boiag At oo Rt R S0 | o) Fovitera Fovites @ 953 foiery
SIS TS T (91061 Y3 S ISTEATAITI G S FNCH <9 2T TS 20 | @3 49071
TS AW (resonance) B3] FANCIR F=94 (sympathetic vibration) JTs|

KT $ T (FITSEHME (resonator) ﬁmwﬁwmmwmaww
wiat ey Tt S 29, GiR TBarte Smem <=1 201

AT SR SR GO (A, BRIl =i/l =t et

UAF R IR (3 R s ey (1T 901 ) 9% AT 0T F p-aF
ARHARE 7T Tl frdardlir | age Rt A e 7@ =99 @) = p2rd @ it

R I TR A4, = fo . <512 SR+ |

Hﬁmﬂmkzowmﬁawm (RIS~ (I T T 20 71 27, O RAwim 2=
T (A = oc) | AL 51 T T PR G (G TS (AT o100 LA, A 70 T4, g
st Tepifn—fFg i o T AFR | SR AV k-7 M4 AR (finite) G =7 ST
T | G2 SR (1) TR AT (AT Gl T (4, A~ T I 20 720 @ FHRNPa0e 29

(denominator) T T3 w2l ‘C%p [((11)02 -pH%+ 4k%p?] = 03[
S A=A, — 4 (02— php + 8kZp=07A
TR T, p = | 0f —2k% A
(7l FITZ (F, A2 S 71896 203 T 215 »Rge T il | (0g —2k%) /2n 70— Gl
CAISTCR Tl FISITF FITRR (0y/2n) T 7 WL (e 7S TR FATsrg

J(©2 — k%) j2n s v —Soy wtst Reg fmsicae | |
(1) TRANBACA k-G ATATE p WA 0,47 TN AT, RS 7 7 4473,
fD fo .

= f ma

TN AL k-G AT TS TAA A, -G TS @ 203 SRS (3) 73 AP (A0 1] T
@, R Fge 70 (0,2 — p?) T 191993, 0 > p 9124l o < p-SoT (FEE A-T T T |

A oAt A
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O OMAE W@‘ (Illustration of resonance) 2

(1) IwrEtEg< @il 919 (Hollow box in musical instruments) 2 (@30, GToF
ASTS AMTFJfer = T (T @, I ST G(6 191t AT Tz G e | vy
AT AF Y AT | T4 SATE T8 TR ot Sl 27 0 I STIG2 LTS & (e
AN 27 G2 Y AT FATH TS 27 |

TR G A FACHT TAT P! AN | @ T 2SI 1 T (3 Ol STorea =
TR FSHRRE TS AR TS T 2 | T TR Tl S@Wﬁﬂ
AFI T QY G SIS 6 9 | TS * Y (A T |

(2) ZERITHT WM& (Helmholtz's resonator) : QWWW Roemet aiw
WWW@WWWWWWW&?WWW& 78
ra G771 GBS A TR |

5! TSR Tof 5 (TS SITARRG! (ST I | @ 32 b ZeT
., b | SO 0 I3 < | 0 T TSR AR (neck) | 40T
[ SR WG @1 T 1 b T[4 SIS i | @ U i (e
I HFTS T | AR ARS A O SSreaR IFF 5o
_ FOIRE T NE | T @ T ¥ I e 27 933 @ ¥
foa 2.7 T TG T AT ST AR AT 2422 o 15 2 |
AT T3 fowe AT AT TR FHATS 52 AT APCS Sogw 5 =03 | b 0o
I AL @ L 74T 6 TGO (IR AT 3 ST 37 1 A 1 | 8t R v
TR SIS 0T (T o Frgrar it Rveat 721 %W1W§?&WW 1, 2RI
01, (O BITEH V43R =M fST51 v 2T &Ile) 91l T (F SACTa Frolfs FoAres

- u /a |
. n= lV .
efstier 8 Wm%mﬁwm%aa@ﬁamm@@mmﬁmmw
AT 24, & THCH (A ACHR A2 | g (ST Qg SIHIeT i Oeiiy S Iia SIeer

S GO 2 =% AR 9T G P50 iy e - ot betivet 60 | e (oleteas
TSRO YT TSI FLAA G TS TG 7 | '

T wg=alp[p JPTI Y | : | .
- jf@;mmggﬁﬁﬁam@m{ﬁm‘mtwmxwmtmww

a7 AT B TAFTH py G- Pg 2T, BICo ARRSA = p; —Pg 5

(py—Po)-&
= (py— pz)xmw 1 22

i, T Y- PR T = e ,wmﬁ@%m?rwﬁ

2 -
oﬁ.l.p.%—t;’— = (py = Dg) G )
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G2, grrelot ATRRETTR (T,
py(V-x0)'= sz” [y=THF R Wﬂ‘ﬂ"ﬂi‘*ﬂ@]

x.o ) _
”"pl(“ v )_”pz

o yxe)_

o v.X.0.. D1
@, py—Pg=— v
| (1)?&71‘3@1@&35117{33@"113
d?x _ Y-%-P1-%
dt? v
d’x_ ¥-%-P1-¥ _wz.x{ _ Y-c‘;m}
=, di? V.lp - p

EWWWWWWWtW WWWW

¥-%.P1 _ ’ { ,T Pl]
.Cﬁl?’lﬁi%ﬂshﬂ?ﬁ?“?ﬁ@niﬁn Zn 21t le “on\1V

o e
- (3) Wﬁ?\’ﬁg@ (Resonant air column) : (T WWW .

- ' . AT TS T APBUTA (e TR
T mﬂ@ﬁmmﬁma}mmﬂm«m

— 7

SHITHE SrFe! 96 & @t 2 [C.U. 2000,°07]
T T AYT ~I1gE IETE FIE R T TR FNET T Told MEED
TR R A7 31 | i It R

A Soias 6w a1 2.1 72 form < iy <

QR P ML (TR B F~ofale] I09 =9

s 2 e S=Ea e e s / L

= S (AT TR |

%—mwmmmmn—w T AT O %%@ﬁ

SF 201 W Y ofter Tfbraa S wes o ==
T‘f’ﬁ?(ﬂat)@"ﬂ@lﬂ?ﬁﬂww W‘%TM@’ iﬁ'ww
314491 (sharpness) ST | @Wm ff@ 2.1
SIS A | 2 5] A, T Aot wgsifye
R, Sl Tl R st 2 |
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T ToE T T

= T AT @
wﬁr?ammmi%qu? e R A

WWWWWWWQIWW
57 AR TR F 2

reFaE, A A (51 S
AfaSa e «?Wﬁ?wmw’xmwmwmmﬂﬁm

AT «ﬂ?\'th‘ﬁg W%ﬂﬁm@m@r—?’@wﬁm T 30T AR S ferS AR

57 AT T € GREEd SRR I AT

Fourier’s Theorem - Application to saw tooth wave and square wave

AR ©27J Fourier’s Theorem

AT NP SCAFS periodic function
T A4S (FIBH (ordinate) fit) 9 I P& (abscissa) I 2JFRITE T3 IR f(t) (F AR SCATE
(periodic function)JeTl 23|
W f)=FfA+T)=f(t+2T) =...zvvm= T & f (t) S Az @i 23
sinx ,C0SX ,Secx9dicosecx kﬂ?WZﬂ |
tanx 9ccotx &I IS T |
sin X =sin(X + 27) = sin(X + 47) = ... %41 Sin X $IHANTENF Seame a9 sfwerwi2r |

gin 5x = sin (5x + )= § sin 5| u+ |Pn.,ruJ—

Yo $10
COs 3y = o8 [3r 4+ 2M) = WS 3 x+ Periad

1 3 i 3 1
2y i 2nmx ! 2nm | k)
Cos = COS +21 |=cos X+
k Pk | £\ 2nr |
i kY k '-2: - 5 2 1
cos o I+ . Peniod =
k i} " /

T
tan 2x =tan (2x + )= lm 2| x+ . Penod =
' Y — Ta2r

9BICF sinusoidal 2RITEF S (sinusoidal periodic function)3et 23
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Fourier series

A Fourier series may be defined as an expansion of a function in a series
of sines and cosines such as

flx) = ey i(an cos nx + b, sin nx).

ni=l

The coefficients are related to the periodic function f(x)
DIRICHLET'S CONDITIONS FOR A FOURIER SERIES

Il the Tunction § (x) lor the interval (- T, T}

(1) 1 single-valued {2} is boundesd

(3) has st most a [inite number of maxima and minima.
{4) has only a Inite number of discontinuous

(5) s (x4 2n) = [ix) for values of x ouwiside |- n, n], then

[ &] 5]
iy oy .
Splx)= —+ E i, COs ny + E b sin nx
. - sl H

converges 1 [ (x) as P —» = al values ol x [or which [ {x) 13 continuous and the sum ol the

. 1 . . A
senes s equal o —[ x4 0) 4 fix 0y a pomts ol discontinuity
I',

Evaluation of Fourier Coeflicients

To determine the Fourier coefficients, we use the following results, m and n
being integers.

to+T
/ ’ sinmwtdt = 0, for all integral values of m. (3.4)
t

0

T
[ o cosnwtdt = 0, for all integral values of n. (3.5)
t

0

T .
[ o cosmwtsinnwtdt = 0, for all integral values of m and n. (3.6)
to .

to+T ‘
/u sinmwtsinnwtdt =0, for m#mn (3.7)
to
= —rg, for m=n (3.8)
to+T
and " cosmwtcosnwtdt =0, for m#mn -(3.9)
to

I

no|

, for m=n. (3.10)
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Integrating Eq. (3.1), we get |
T T o T
/0 f(t)dt = (10](; dt+ Y ] (an cos nwt + by, sin nwt)dt = aoT,
n=1 0
which follows from Egs. (3.5) and (3.4) with to = 0. Therefore,
1 (T d
ammTL F(b)dt. (3.11)

This shows that ag is the average value of f(t) over the period T'. Thus,
ap = f(t), the bar denoting the mean value.

To find the coefficient ay, Eq. (3.1) is multiplied by cos kwt and then
integrated from 0 to T'. Hence

T T o T .
]0 f(t) cos kwtdt = f ag cos kwt dt + Z f (an cos nwt cos kwi
0 =70

+by, sin nwt cos kwt)dt

T
= 0+ak'2'+0,

where Egs. (3.5), (3.9), (3.10), and (3.6) have been used with to = 0. So,
9 T
%=wff@m%m® (3.12)
T Jo

Similarly, to determine the coefficient b, we multiply. Eq. (3.1) by sin kwt
and integrate from 0 to T'. Proceeding along the same lines followed in the
evaluation of ax, we obtain -

. |
b = 2 ] f(t) sin kwt dt. (3.13)
T Jo

With known f(t), the Fourier coefficients can be found from Egs. (3.11),
(3.12), and (3.13). The evaluation of the Fourier coefficients is generally a
tedious task. Fortunately, some simplifications can be made if the periodic
function has certain types of symmetries. We shall discuss this point in the
following section. For this simplification, symmetry must be kept in mind
in selecting the t = 0 point on the time axis.
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Fourier Series of Some Typical Waveforms

(a) Square wave pulses: The square wave pulses, shown in Fig. 3.2, have
the period T and amplitude V. We have

T :
f(t):V f0r0<t<5 1
= -V for%<t<T. - TV
Hence - —
= t
ao = T[ F(dt = FU th+[/( V)dl B ; B
v iT I —0 )
- T— '5 B - 2 ' Fig. 3.2 A train of square wave pulses

This is the expected result, as it is evident from Fig. 3.2 that the average
value of f(t) is zero.

9 T
= ——f f(t) cos kwt dt
T Jo

2. T/2 2?7 T 27r 1
- V cosk=Xtdt j —V)oos kT4
= [ A cosk—tdt + T/2( ) cos T dt

2V
=T x 0=0.

This result is also expected: since f(t) is an odd function, all the cosine
terms must be absent.

9 T .
b = —f f(t) sinkwt dt
T Jo -

2V | (T/2 | 2n T 9x
_—{/0 skatdt—/ smk?tdt_}

T 7/2

2V T 2 |° o (T
= cos k—t + cos k—t

T 2rk [ T 7y ' sz]

= Kk (1 — cos km + cos Zk.ﬂ' — cos kr)
T
2V

= E(l — cos k).

If k is even, coskm = 1 and so by = 0.
If k is odd, coskn = —1 and so b, = 1.

Thereiore, all the even terms of the sine series are absent and we have
for the Fourier series :

— 4V =21 '
flit) = Z by, sin nwt = — Z - sin nwt: (3.38)
n=1,35,- n=1,3,5,
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Sawtooth waveform: A sawtooth waveform of time period 1" and
p:.ai\ value A is depicted in Fig. 3.8. Such a voltage waveform is applied to
. [N T . '
the time base of a cathode-ray oscilloscope (CRO). Here

1 /7 A (T A
o= [ J0dt=7 [ tar=5.

2 (7 24 T
ar = "ffo f(t)coskwtdt = _,/0 tcosk%?tdt

T2
= — |f——sink—1t| — A g2t
T Gy 7, o Tm sin & & tdt]

(Integrating by parts)

gé( T 2 gb:zﬂ. 'T
T2 21.17?) cos ?i

=0,
Whence the cosine terms disappear.

=}

i

0

2 T . 24 [T
b = 7 [ ft)sin kwt dt = —f tsink—z—wr‘,dt
Jo 0 T

T2
A : " /
fity="5t, for 0<t<T. 24 T om |1 rT 27
T = ey —_——— L k—- —_— o _'_,
73 2&71—603 TtD-I—/O 2kw00katdt\
oAl T2 TN\, 21T
= T3 ﬁ%-i- (_2—1\,:;) SlIlthO
0 T 1> oT _ A
Fig. 3.8 Sawtooth waveform N _El: '

Therefore, the Fourier series for the sawtooth waveform is

A AST
f(t)—-z——; 3 Hsmnwt
n=1
A A 1 1
G Zsin? i ). }
5 Tr(smwt-l»zsm wt+35m3wt+ ) (3.42)

The addition of the first few terms of the series [Eq. (3.42)] is shown
graphically in Fig. 3.9. The superposition of more and more terms clearly
shows the convergence of the series, i.e., the inclusion of more and more
terms in the series improves the resemblance between the resultant curve

and the curve under test.

(b)

(d

Fig. 3.9 Superposition of the average and (a) the first harmonic,
(b) the first two harmonics, (c) the first three harmonics, and

(d) the first ten harmonics in the Fourier series of the sawtooth waveform

Note that at the discontinuity (le,att=0o0rt= T)) the series attains
the mean of the values on the two sides of the discontinuity. This value is

A)2.
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Example 1. Find the Fourier series representing

f(}=x. 0<x<2FR
and sketely its graph from x = -4 o x =4 n

q, ; 1
Solution. Let f(x) = TO tacosx+aycos2x+ ..-bhsinx+ bsin2x+t .. 1)

-

w 128
1 ¢2x 1 ¢2x 1| X
,}Io [(.\)dx—;ij‘o xd.t~5|’—2~-L =2n

l s im e l rd 4
G i _J ju-}umm»dzz—j X Cos nx dy
tyo neo

Hence a,,

’ -2=x - -
1| smax f cos nx) 1 cos2nm 1 1
= —|x ~l.| o -d e _Tn-n—_o
T " " [ S P K| n ne 7 14

1 p2= o 1 p2= |
b = ;J.o S(x)sin nx dx ;Io X sin nx dy

2%
1 x( O()slt.t) : [-smnr\_ 1 [-2nw52mt:|_ 2
TR n o ) n " n

Substituting the values ol a, a, @, ..., b, b, ... in (1), we get

N 38 P
x=TMT-2 sinx+ Esm 2x+ ;sm <5 g O Ans.

41t

Ph-=====
v
x

A

4r




