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Al The speed of wave on o sfring is given by

TR
J

densifﬁ

'ension in the rS‘h'l‘nj

In the gecond sprir\& The speed of the wave
to the original Spring.

IS half compared
ame |

Assuming that both springs have the
ineay densi-&\c] (mass per unit ;enﬁﬂ‘) , then we

conclude +hat e <econd sPn‘,\ﬂ has less +ension . More S‘\Jeci{:\‘callj,

Sbring 2 hag only Vi of e tension W sPn"\a 1, so the
speed & of wave Spring 2 is

Yo compared, +o sFr(‘nS 1,
AZ. Note that the speed of Love pulse is mdependent of +the
Sthae of +the wave, So to have fhe same SPeQd in SPY(\AG 2
We need +to increase the tension syr:‘na 2 by a factor
of 4
Bi.

At o later Hme (just shightly after the current SY“\{”’M)'

We  have T T 7T B 11 17T,
] X il
T //‘54 ~ ral J
N YA ¢ T | - I
Al | [ [T T T 1T Tel ]
S0 we we see that point A hag not Moved , Pojnt B has

moved down, and Point C moved WUp .

Furthermore , Point B
}\ag moved down more than +he amount by which YPoint C moved

So we conclude thot the speed is Froyor'h‘onwe_ fo the slope
of the piece of shinﬁ
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Equations for Sinusoidal Waves

T
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Ym Sin k(x-vt) Tm Sin 2 <L - §1) . |
Yo sin (ke - kvt) V=’U;2‘ T Ym Sin CH[‘ - i) ek, 2nf=
Ym Sin (kx - k%t) = Ym sin (kx —w-t}

Ym S kx - W)

Y ST W (- 1) Ym sin 2T (3 %}

Ym Sin <U0% - wt) 2 Y sin<11 t—_\)

m sTn/\w%’;k—w{) ’v—-‘%\' T Y osin (kx - 2myt) 2%:‘“:%:
Y sin (o) T Y sin (ke -wt)

N is +he Cireozth and T o the period. The wave length s
the (€Y\ﬂ+|n of one cycle of the wave. il e Lanceritrate on
one piece of the String. the period s the amount of Hme it
takes for one cycle of the wave 1o pass through that point

To show +his, note that for 4 fixed +i
displace x by w %

(so x - X+A) | e have
Y Sin| a7 (x\_ ’C” Ym Sm{2"<)i\*_tl_ t ln]

So it we displace x by A, it

S(mi\culﬂ » for & fixed point on 5‘+rfn3 (that s | +ix x ), for
any +time t, let us Compare the displacement of the fixeq p
of sting ar time ¢ and  time t . T

Tm Smh" - “T)l m sin[2m (3 - t?j‘z”l

= T/m sin [ 27 ()\ )l
So & +the displacement of +the piece of string s {he same for
time t and T+ T
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Mak.‘na a Pulse Move padc s/
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€ equation for the wave as  a function of +me is

T, €) = 4 7/ X - vt
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comparing  Woves combining pulses
@ Grooh R
(o . | (b) GQroph D .

At time totSA, |, the
wanes has each traveled

Vo (Tt —t)
2 marked pointg at time ¢ = n =V (to Y SN -t )
=S

And sihce they ane separated by
2s at te , they have now
met ot t=1 +sA,

ce) Graph A
The waves pugs by each other
and reach +the OppPosite ends.
@) Graph 1.
Remembeo from pPrevious problem
Hoat Ve(od-(-ﬁ of pieces  of
Pasticles on e S‘-hrir\j (NoT
+he. V*e(odi—ﬁ of e waue ) (S
Proportional 40 the Sl°\>e.
In +his case , the slope of

aph D s zero evenyw
@) None. i+ showld be
3
/"\
L —
he markeq DOINLS at time ; n -
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Modifred Hamonics

. - A
(@) The speed of waves is decreaseq by Az, and since V= T

so T s Increas&jbg NZ.

[ Tty

case A does not Chanje)

B Al are now N the thirg harmonic | The wavelength is now Y3
1(1),12 the original ,  ang since  the speed  of the wave remaias
< .
¢) ame, the Period must also e B of the original
C 12 period is indepenclent of 1
the amplitude | so 1"
(d)

Since v = Mo :\/3'7

‘M, for Tension decreaced by )4 ,

Vo decrenges

I .
Y Kz, ose T nereases by J3

Speed of Sowund
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Vs Liaht
() ] (b)Y S i \
I Peed of (lﬁh't 'S = 3408 A
“(3uamiy iy g s) L= & reom, |
3 %08 ML
= 1206
L2 xio3 "’/leo m/
S o 4x ot S
This iy ver
Y smayi CoMparey te 3 55 , S0
the APProsimalion ;

N Pangt (a) s vallid
Doppler - Shifley d Sownds op
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() £ = C\/mund + V,(m::;_\ 4

N, 4 Y, s+a'h'onarﬂ
304n
= 3 m "’f
<&* 20 ) (3500 HR) = 370, Hz
343 m/
)
j - ( \/Somr\d ) j- - 343 "VS
VSMAnd - Vamb ) S'rocHor\qrﬂ 343%_ 20«)/ <3§0‘D H:,g)
= 3726 Hz
()

1= <—M} . <343-2o

Txa L T = i "
Sound * Vomp 3U3 + 24 )(3500}'{%) 3110 Hz



