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In all exercises, please describe the physical meaning of your mathematical 

results. Use graphics if it can help the explanation. If you do any numerical 

computations, feel free to use Matlab. 

1. Rcflcct,ion from a scrni-infinit,c rod. Consider t,llc lorlgitiidinal nravcs in a scmci-

irlfirlit,c clast,ic rod of llrliforrn cross scct,ion. The crltl at rc; = 0 is st,rcss-ficc. Tllcrc is no 

cxt,crnal stress along t,hc rotl. The initial displaccrncnt arltl velocity arc : 

Find the dcflcctiorl in t,hc rotl for all tirrlc t > 0 by using the rrlct,llod of images 

2. Read $1.Chapter one. Xot,cs. 

Consider an infinit,cly long st,ring taut ~vit,ll tcnsiorl T ,  m < .T < m frcc from any 

lat,cral slipport,. -4 conccnt,ratcd mass .\I is at,t,acllcd t,o t,hc string at t,llc origin. Sho\v 

first that Nc~vt,on's law for t,llc mass requires that 

a a .  
= (H.2.1)\I-\.'d" 

~ ( t )T - T ' L ( O - ,  t )+ T-1 +(O+.  t ) .  t > 0 .  
- at2 d:r 8.T 

~vhcrcT'b(t)is the displaccrncnt of the mass, 1L t,llc st,rirlg displaccrrlcnt on t,llc left side 

(T < 0 )  and 1; the st,rirlg tlisplaccmcnt on t,hc right (.T > 0 ) .  

-4n incitlcnt piilsc nrit,h finit,c cxtcnt T';(rc;; t )  arrives fiorn .T N a ; .  Its front arrives 

at, :I; = 0 nrhcn t = 0 .  i.c., T'k(0, 0 )  = 0 .  Find t,llc rcflcctcd arltl the t,rnrlsrrlit,t,cd nravcs 

arltl the rrlot,ion of t,hc rnass for all t > 0 .  

Suggestions: 

Take as the sol~lt,ion: 



T';(.T, t )  = TiT (t - - . 2; > 0. 

1: conditiorls and solve for T'b(t), hcrlcc get 

hcrc t,llc subscripts rncan: I= incident,, R= rcflcct,cd and T= t,mnsrnit,t,ctl. From the 

bo~lntlary conditiorl at  .T = 0 firltl a tliffcrcrlt,ial cquat,ion for 1b(t). State proper initial 

(t + $) arltl (t - $1. 
To scc t,llc physics more cxplicit,ly , yo11 may specify t,llc pulse, c.g.. half of a sine 

CII~T'C and carry out t,llc ncccssary int~grat~ion. 

3. T\vo scrni-in fin it,^ cylindrical rods of diffcrcrlt rnatcrials but t,hc same ~lrliform 

cross scct,ion S arc but,tcd t,ocgct,llcr at  .T = 0. Tllc clast,ic constant is El in .T < 0 arltl 

E2 in :I; > 0. .kt t = 0 t,llc rotl on t,hc lcft has a rloniiniforrrl displaccrncnt i~ i i t  no ~rclocit,y 

~vhcrcf (T) is normcro only in a firlit,c tlomain. Tllc rod on the right is frcc of initial 

dcforrnation and vclocit,y 

Find the displaccrncnt in bot,ll rods for all t > 0.Note t,llat in t,llc lcft rod t,hcrr will bc 

a left,-going (rcflcct,cd) \ ~ ~ a ~ ~ c  aft,cr sorrlc tirnc. In the right rotl t,llcrc is only a right,-going 

~vavc for all t,irrlc (The radiat,ion contlit,ion). 

4. Long wave dispersion in shallow water It car1 be sho\vn by a rrlorc accurate 

analysis t,hat irlfirlit,csimal long nravcs in shallo\~~ ~vat,cr arc govcrnictl by t,hc follo\ving 

conservation cq~lat,ions: 

Ct + lal~,,= 0 (H.2.2) 

la" 
11'~+yC, - -,ia,,t = 0 (H.2.3)
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1. Elimirlat,c ir by cross diRcrcnt,iation to get a single PDE for C(T, t) .  

2. For a sin~lsoidal~vavc 

c = sjq24ci(k,-ut)1 (H.2.4) 

Find the dispersion rclation and cxarninc t,hc dcpcndcncc of phase vclocit,y arltl 

group velocity on t,llc n~avcniirnbcr. 



3. Let t,hc initial tlist,url)ancc i)c 

C(.x,O)= f ( .x ) .  ,ia(rc;,t) = O  (H.2.5) 

~vlicrcf ( : I ; )  # 0 only in a 1)onndcd region. Find <(rc;; t ) by Fourier t,ransforrn. 

4.Stiidy tllc ~vavc tlispcrison for large t .  and dcscribc. t,lic physics of your rcsnlt,~. 


