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French 4 . 5

=3)-bcamping

my + by + max=

-***:3

+ + wo = w :"g.

cost

A(w)
-

steady state amsatz : x (t) = Acos(ut - b)

x'(H) = - wAsin(wt - 8)

x" (+) =
- w- Acos(w+ - 5)

-wAconlut-3)-UWAsin(not-5) + w
. "Acos(at-S) = co: Go cont

from motes :

=> cost terms : Alw) [(wo-ufcosS + rusins] =
w.

smart" : (wo-22) sing = Owoss

=> tans= 8 =acta(

Alm)=,serveswwit
vertinLos Lut-actant)

b) w = w : Q=
Alt) = Ae

- utz
-

t= in 50 cycles: = 25-

A= 93 = Alw =w) = 0 .0 =cam
-



Numerical :
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1) resonance frequency w == ==
evidently. A is largest . We sea A small for wit,

increase to it
,

then decrease again. This is
very pronounced

when I extend the time to 100s instead of 20s .

(2% 130 wwax = Wo .)



French 5. 9 (similar to King 4.6 but I think there's an

al error here

Deman

m=(x-

me = -m(x-x) + k(x-xe) =x-2x+

m =
- (xz - x=)

using
x=Acout

,

X = - wAcont :

m: wAcout : E
,

Licosut-Acont)

ma : -"Brost = FactAcosut + 2 Bout - crosut]

my
: w'Groset = k/ms (Crosst - Brosut)

O

-wr=Emhim-wirej
&

- k(m k/m
][] (m = m = n , ma = M)

similar to before : solve (I worked this out elsewhere
w.,we

using same method as previous problem :

I

-



King 4 . 9

a)
IF = M = Focut - m

, x + kz(xe - x)E
= a coset

*

Dimexo
=>m +x-k

b) X
,

= Acout
,

" = -wscout

Xa = Brosat
,

X2--nBcosut

X : -Mr Act+ (K+)Act - Kn Bot-Foxat
( ,

+ k -Mw2)A - kzB = Fo

Xe : -neBrosfut + hulcospt-kettco-e
=> A = (m,
plugetox. : (kicks -Man) (kc-mw)tB- hi = Fo

We
2

((k .
+Re-Moz) (ka-mro") - be (i = For

=>B-To-mul-k
and = B . (Amu)=)- mi

A = Folm-m) = Fo(ke-) = 0.

numerator = 0
.



toMinis
al :

kz k

m =mix:

ma = -TztTy = -k(xex) + k(x-x) = Ex-2k k

m =T
= - k(xy - x) - k(xy - 0) = 2xxy + kx

(similarto T
. )

similar to before : if X .
= A cost

= - no"Acosat
- 2km-klm

Gre[ = um]
2k/m -wa - klm G

-kow zklm-w2 - blu = OI
O - klm 2h/m-wh I

def : (124/m-wY" - Pla)) (4)m --t = -Hym(4/m · (21m -14)
expand and simplify : (2k)m-w")(04 - 44mw" + 24(m) = 0[

I O

Fotor w : DIEYu

b) modes : A : B : <

-

2224/m : wYA=A-E Al = -

m2 :
+)k/m : CtrlA = 2A-B = - EA =3

(r)B = - A + zB - 2 => EB = - A - c·(2 +(z) = -B + 22 =
- Ec=B

%.
(2-E)k/m : (2-()A = 2A - B = EA = B

(2- b)c= - B + 2 = E= 3



5 . 2

y
= Acoslut - kx)

A = 0 . 15 :

y
= 0 . 15c(zont - Enx)m

w = 2+f = 20

k = ==

5.
3 a) : ) Z : Als 2+ 0 (t -kr) = -Acosano(t-Xr

=- Asi2no(t -M(r) =Asr(t-r)
·.

=vAs(x +-)= A cockmart

A
ii)=Ec()* -E) As)

2

-EA-E=As -#)
Rut 22 -

and wPri

ir = in Anilater = ident
+ma)

i (ut+ kx)
:(n++ kx)

=- wAe = -ke

same as aboe : v=k

v) =
-W

,
Asin(wit-k . x) - was (wat -kax)

= -w .Acos(mit-k , x) -wiicos(wat -kax)

by kuAsin (w .
-K . x) + kaBcoc(wet-kex)

=x
=

-Acin(t-ki - keBe(wont- kex)

= witwikiki) = y(* + = ) = wi +wi



b) =
K

,
Acos(kx + Kay + kaz -wt)

similar for y . z

= -m Asin (k , x + key + kyz -wt)

= -wicos(k , x + kay + ksz -

n
+)

= - vAsin(kxx + may + byz - w
+)

- (ki+b + mi) Asin(kx + kay + ksz -+) =-An ( ... )
: kit +==

=>re+)n

5. 6a =2x0H)f: = 600 Ha

18

ii) f= 3x10 Hzi)f= x

~ 10"Hz

1) f:assunz

-
some under t magitech

as many instruments.



French
7 . 13

ba)y(x ,
+ = 0)=-b) as mentioned in my recitation

we have something similar to fix-ut) , namely
2x- ut in denominator

.

Let's track points of constant

phase ,
and see what it tells us:

2x-ut = d = ce
.

=> zdx-udt = 0
,

or 20x= udt

=> = [ms-1] .
Hence wave travels at 4/2 ms

:

in the& direction
.

-*chain rule

:

-tells us that motion is symmetric,
still for a moment at x=0

,
and

the wave is moving particles w/ X coord Oup
,

20 back down-



King
6 . 2

a) + = 262
, M = 0 . 04

,

T = 200

v = If ,
v= d : Fit
-Fict

b) x = 21 = 1 =piit
-

a) Urive
= 0 . 27- 262 = 70 . 7 ms" but 343ms" in air.

val:E, 0 = 262He

6
.
3 a) ratio btw normal mode : 1

,
2 = 2

2
.

3 = 3/e

3
,

4 = 4/3

4
,

5 = 5/4Twent because up has sin

b) Cantilmodes are 0 . Tam

· Im.t
3 .

5 wae rebrity doesothesee

2) def"so = 26 . 9. so 32-26 . 9 :Away
-

6
. 10 a) n = 1 : 1 = 27 = 2m .

i
- r == Ze 1.He

=2 : 3 + 10 % n = 3 : 4
. 5x10

S

so how
many n fit in 4 .

55x10" He
range

?

t
b) need base frequency to be 30x as large ,

so we decease Length.
new 1 = 10030 = Este



6 . 15 a) in :=*
E: p = Eme

so

3) e.= o

- 10)
t

x.
-" 5 = 9 .

Je
-

French 6
.
2

string :f
.

~
= Fu :F ,
i:

=>f

normal modes :

mi=+-3) =
-ET(2y ,

- y)

e ma= ++)
=

-ET( y ,
+ 2ye - 33)

m =E(ye
+ 2y))

assume

y= An int
, yz

= B ...

y = L...

ij = -weiut

1 :
-m

.
went = - Ei. (2x - B) -=-

2 : -menBett =-t ( - A +z - 2)
- -

3 : -manLeft=+ (- B + 2) I

T·-m

&

2- 12T

- w
- S

T 2at
LM

r)-e-m

- 12T

In



Let = X
,

w = a

(24x -a)[(+x -a)" - ((2x)2] + 12x() - 12x) . (24x - a)) = 0

a - 72a
+

x + 1440 ax - 6912x"= 0

(a - 24x)(a - 48ax + 288x2) = 0

1 : a = 24x => m2=T

uM

u& w =2= f=

Fro=o . S fastingstrin
masses

fe = ~
+z
= fo = 0 . 15# =

0string

to-T = 1
.

0F 0 . 6 fa stringI we see that to stringe to masses.
The harmonic modes II-or string increase faster in frequency ,

and they
are onteger multiples. They have diff-degrees of
freedom ,

hence
,

of makes sense that the frequencies
don't line

up .

-

Fy required to hold string is6
.
12 a) consider:y Tsind = The:

Y

h

E-(Fede
L

b) us feamothersomet
v = xf=
:seconds


