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12.2.2	cont’d	10.	

11.	A	steel	bar	of	cross	section	0.0001m2	and	0.25m	length	is	clamped	at	both	ends.	
a)	what	is	its	fundamental	frequency	for	longitudinal	vibrations?	b)	what	is	the	
fundamental	frequency	for	the	same	bar	but	free	at	both	ends?		
	
c=sqrt(y/rho);	for	common	steel	we	can	take	Y=200	GPa	=	2x10^11	Pa,		
density=7900	kg/m^3,	so	c	=	sqrt(2x10^11/7900)=5030	m/s.	
For	longitudinal	waves,	cross-section	does	not	matter	as	long	as	bar	is	
“slender”	(L>>diameter)	as	in	this	case.				For	ends	clamped,	
f_1	=	c	/	2L	=	5030	m/s	/	0.5	m=	10	kHz	
for	ends	free,	result	is	same	-	difference	is	that	clamped	ends	must	be	
nodes,	free	ends	must	be	anti-nodes,	but	fundamental	f	has	L	=	lambda/2.	
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