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Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	1.	First	note:	2	1	1	b	b	y	x	b	a	−=	+	Have	2	y	I	x	dA=	∫	2	1	1	2	0	0	b	b	x	b	a	a	x	d	ydx	−	+	=	∫	∫	2	2	1	10	a	b	b	x	x	b	dx	a	−æ	ö=	+ç		è	ø	∫	4	32	1	1	0	1	1	4	3	a	b	b	x	b	x	a	−æ	ö=	+ç	
è	ø	(	)3	1	2	1	3	12	a	b	b=	+	(	)3	1	2	1	3	12	y	I	a	b	b=	+		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,
Solution	2.	At	5	2,	:x	a	y	b	b	ka=	=	=	or	5	2	b	k	a	=	5	2	52	5	2	52	or	b	a	y	x	x	y	a	b	∴	=	=	31	3	y	dI	x	dy=	6	5	6	5	3	1	3	a	y	dy	b	=	Then	6	5	6	5	3	0	1	3	b	y	a	I	y	dy	b	=	∫	11	5	6	5	3	0	1	5	3	11	b	a	y	b	=	11	5	6	5	3	5	33	a	b	b	=	or	35	33	y	I	a	b=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and
Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	5.	First	note:	2	1	1	b	b	y	x	b	a	−=	+	Have	2	x	I	y	dA=	∫	2	1	1	2	0	0	b	b	x	b	a	a	y	d	ydx	−	+	=	∫	∫	3	2	1	10	1	3	a	b	b	x	b	dx	a	−æ	ö=	+ç		è	ø	∫	4	2	1	1	2	1	0	1	1	3	4	a	a
b	b	x	b	b	b	a	æ	ö	−æ	ö=	×	+ç	ç	−	è	øè	ø	(	)4	42	1	2	1	1	12	a	b	b	b	b	=	−	−	(	)(	)(	)2	22	1	2	1	2	1	2	1	1	12	a	b	b	b	b	b	b	b	b	=	+	−	+	−	(	)(	)2	21	2	1	21	12	a	b	b	b	b=	+	+	(	)(	)2	21	2	1	21	12	x	I	a	b	b	b	b=	+	+		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.
Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	6.	SOLUTION	At	5	2,	:x	a	y	b	b	ka=	=	=	or	5	2	b	k	a	=	5	2	5	2	b	y	x	a	∴	=	2	x	I	y	dA	dA	xdy=	=∫	2	5	2	5	2	0	b	a	y	y	dy	b	é	ù	=	ê	ú	ê	úë	û	∫	17	517	5	2	2	5	5	0	5	5	17	17	b	a	a	b	y	b	b	=	×	=	35	or	17	x	I
ab=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	7.	First	note:	At	0:x	=	(	)20	k	b	c=	+	or	c
b=	−	At	:x	a=	(	)22a	k	b	b=	−	or	2	a	k	b	=	∴	(	)2	2	a	x	y	b	b	=	−	Have	2	x	I	y	dA=	∫	(	)2	22	2	0	a	y	b	b	b	b	y	dxdy	−	=	∫	∫	(	)22	2	2	b	b	a	y	y	b	dy	b	=	−∫	(	)2	4	3	2	22	2bba	y	by	b	y	dyb=	−	+∫	2	5	4	2	3	2	1	1	1	5	2	3	b	b	a	y	by	b	y	b	æ	ö=	−	+ç		è	ø	(	)	(	)	(	)	(	)	(	)5	4	32	5	4	2	32	1	1	1	1	1	12	2	2	5	2	3	5	2	3	a	b	b	b	b	b	b	b	b	b	b	ì	üé	ù	é	ù=	−	+	−	−	+í	ýê	ú	ê	ú	ë	û	ë	ûî
þ	3	32	8	1	1	1	8	5	3	5	2	3	ab	æ	ö=	−	+	−	+	−ç		è	ø	331	30	ab=	331	30	x	I	ab=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill
Companies.	Chapter	9,	Solution	9.	2	2	2	2	1	x	y	a	b	+	=	2	2	1	y	x	a	b	=	−	dA	xdy=	2	2	x	dI	y	dA	y	xdy=	=	2	2	2	2	1	b	b	x	x	b	b	y	I	dI	xy	dy	a	y	dy	b−	−	=	=	=	−∫	∫	∫	Set:	siny	b	θ=	cosdy	b	dθ	θ=	2	2	22	2	sin	1	sin	cos	x	I	a	b	b	d	π	π	θ	θ	θ	θ−	=	−∫	3	2	2	3	22	2	2	2	1	sin	cos	sin	2	4	ab	d	ab	d	π	π	π	πθ	θ	θ	θ	θ−	−	=	=∫	∫	(	)	23	32	2	2	1	1	1	1	1	cos4	sin	4	4	2	8	4
ab	d	ab	ππ	π	π	θ	θ	θ	θ	−	−	é	ù=	−	=	−ê	ú	ë	û	∫	3	31	8	2	2	8	ab	ab	π	π	πé	ùæ	ö=	−	−	=ç	ê	ú	è	øë	û	31	8	x	I	abπ=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell
©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	10.	At	3	2	,	:	2x	a	y	b	a	kb=	=	=	or	3	2a	k	b	=	Then	3	3	2a	x	y	b	=	or	(	)	1	3	1	32	b	y	x	a	=	Now	3	31	1	3	3	2	x	b	dI	y	dx	xdx	a	=	=	Then	2	3	3	2	21	1	1	3	2	6	2	a	a	x	x	a	a	b	b	I	dI	xdx	x	a	a	=	=	=∫	∫	(	)	3	2	2	4	12	b	a	a	a	=	−	31	4	x	I	ab=		COSMOS:	Complete	Online	Solutions	Manual	Organization
System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	11.	First	note:	At	:x	a=	1	a	ab	k	e	−æ	ö=	−ç		è	ø	or	1	1	b	k	e	−=	−	Have	2	x	I	y	dA=	∫	1	1	1	2	0	0	x	a	b	e	a	e	y
dydx	−	−	æ	ö	ç	−	ç	−	è	ø=	∫	∫	3	3	1	0	1	1	3	1	x	a	ab	e	dx	e	−	−	æ	ö	æ	ö=	−ç	ç		è	ø−è	ø	∫	2	3	3	1	0	1	1	3	3	3	1	x	x	x	a	a	a	ab	e	e	e	dx	e	−	−	−	−	æ	ö	æ	ö=	−	+	−ç	ç		è	ø−è	ø	∫	(	)	2	3	3	1	0	1	3	3	3	2	31	x	x	x	a	a	a	a	b	a	a	x	a	e	e	e	e	−	−	−	−	é	ùæ	ö	æ	ö	æ	ö=	−	−	+	−	−	−ç		ç		ç	ê	ú−è	ø	è	ø	è	øë	û	3	1	2	3	1	1	1	1	3	1.5	3	1.5	3	3	31	b	a	ae	ae	ae	a	a	a	e	−	−	−	−	é	ùæ	ö	æ	ö	æ	ö=	+	−
+	−	−	+ç		ç		ç	ê	ú−è	ø	è	ø	è	øë	û	(	)	3	3	1	1	11	1.91723	3	6	1	ab	e	−	æ	ö=	−ç		è	ø−	3	0.1107ab=	3	0.1107	x	I	ab=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.
Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	14.	First	note:	At	:x	a=	1	a	ab	k	e	−æ	ö=	−ç		è	ø	or	1	1	b	k	e	−=	−	Have	2	y	I	x	dA=	∫	1	1	1	2	0	0	x	a	b	e	a	e	x	d	ydx	−	−	æ	ö	ç	−	ç	−	è	ø=	∫	∫	2	10	1	1	x	a	a	b	x	e	dx	e	−	−	é	ùæ	ö=	−ç	ê	úè	ø−ë	û	∫	2	3	2	1	3	0	1	1	1	2	2	31	1	x	a	a	b	e	x	x	x	a	ae	a	−	−	ì	ü	ï	ïé	ùï	ïæ	ö	æ	ö=	−	−	−	−	+ê	úí	ýç		ç	−	è	ø	è	øê
úæ	öï	ïë	û−ç	ï	ïè	øî	þ	(	)	2	3	3	1	3	1	2	1	2	2	2	31	b	a	a	a	a	e	a	ae	a	−	−	ì	üé	ùæ	öï	ï=	+	+	+	−	×ê	úç	í	ýç	−	ê	úè	øï	ïë	ûî	þ	3	1	1	1	5	2	31	a	b	e	e	−	−	æ	ö=	+	−ç	−	è	ø	3	0.273a	b=	3	0.273	y	I	a	b=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,
Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	15.	At	1	44	1	2	,	:x	a	y	b	b	k	a	b	k	a=	=	=	=	or	1	4	1	24	b	b	k	k	a	a	=	=	Then	1	4	1	4	4	1	24	b	b	y	x	y	x	a	a	=	=	and	1	4	1	4	4	1	2	4	a	a	x	y	x	y	bb	=	=	Now	(	)	1	4	1	4	4	2	1	40	a	x	x	A	y	y	dx	b	dx	aa	æ	ö	ç	=	−	=	−	ç		è	ø	∫	∫
5	4	1	4	5	4	0	4	1	3	5	5	5	a	x	x	b	ab	aa	é	ù	ê	ú=	−	=	ê	ú	ë	û	Then	(	)2	1	2xI	y	dA	dA	x	x	dy=	=	−∫	1	4	1	4	2	4	40	b	x	a	a	I	y	y	y	dy	bb	æ	ö	=	−ç	ç		è	ø	∫	13	4	1	4	7	4	0	4	1	13	7	b	y	y	a	bb	é	ù	ê	ú=	−	ê	ú	ë	û	3	4	1	13	7	ab	æ	ö=	−ç		è	ø	or	315	91	x	I	ab=		Now	3	2	15	2591	0.52414	3	91	5	x	x	ab	I	k	b	b	A	ab	=	=	=	=	or	0.524	x	k	b=		COSMOS:	Complete	Online	Solutions
Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	16.	First	note:	At	:=x	a	2	=b	k	a	or	2	2	2=	∴	=b	bk	y	x	a	a	Straight	line:	1	=	by	x	a
Now:	1	2	0	2	2	a	b	b	A	x	x	dx	aa	æ	ö=	−ç		è	ø	∫	3	2	2	0	4	1	2	3	2	a	x	b	x	aa	æ	ö	ç	=	−	ç		è	ø	5	3	=	ab	Have	2=	∫xI	y	dA	1	2	2	2	0	2	b	x	a	a	b	x	a	y	dydx=	∫	∫	3	2	3	2	3	3	3	30	2	8	3	a	b	b	x	x	dx	aa	æ	ö	=	−ç	ç		è	ø	∫	5	2	3	2	3	4	3	0	2	2	8	1	3	5	4	a	b	x	x	aa	æ	ö	=	×	−ç	ç		è	ø	359	30	=	x	I	ab		And	=	x	x	I	k	A	359	30	5	3	ab	ab	=	1.18=	b	1.086	x	k	b=		COSMOS:	Complete
Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	And	=	y	y	I	k	A	39	14	5	3	a	b	ab	=	27	70	=	a	0.621	y	k	a=		COSMOS:	Complete	Online
Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	19.	First	note:	At	(	)0:	cos	0=	=x	b	c	or	=c	b	(	)At	2	:	sin	2=	=x	a	b	b	k	a	or
2	2	ka	π=	4	=k	a	π	Then	2	sin	cos	4	4	a	a	A	b	x	b	x	dx	a	a	π	πæ	ö=	−ç		è	ø	∫	2	4	4	cos	sin	4	4	æ	ö=	−	−ç		è	ø	a	a	a	a	b	x	x	a	a	π	π	π	π	(	)4	1	11	2	2	é	ùæ	ö=	−	−	+ê	úç		è	øë	û	ab	π	(	)4	2	1=	−abπ	Have	2=	∫xI	y	dA	sin	2	24	cos	4	b	x	a	a	a	b	x	a	y	dydx	π	π=	∫	∫	2	3	3	3	31	sin	cos	3	4	4	a	a	b	x	b	x	dx	a	a	π	πæ	ö=	−ç		è	ø	∫	2	3	3	34	1	4	4	1	4	cos	cos	sin	sin	3	4	3	4	4	3	4	a
a	b	a	a	a	a	x	x	x	x	a	a	a	a	π	π	π	π	π	π	π	π	é	ùæ	ö	æ	ö=	−	+	−	−ç		ç	ê	ú	è	ø	è	øë	û	3	33	4	1	1	1	1	1	1	1	1	3	3	3	32	2	2	2	ì	üé	ùæ	ö	æ	öï	ïé	ù	ê	ú=	−	+	−	−	+	−	+í	ýç		ç	ê	ú	ë	û	ê	úè	ø	è	øï	ïë	ûî	þ	ab	π	3	4	5	2	2	3	6	3	æ	ö=	−ç		è	ø	ab	π	continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,
Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	(	)32	5	2	4	9	=	−	x	I	ab	π	3	0.217ab=	30.217	x	I	ab=		And	=	x	x	I	k	A	(	)	(	)	32	5	2	4	9	4	2	1	ab	ab	π	π	−	=	−	0.642b=	0.642	x	k	b=		COSMOS:	Complete	Online	Solutions	Manual	Organization
System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	21.	(a)	31	3	=	x	dI	a	dx	(	)	3	3	41	2	2	3	3	3	a	x	a	a	I	a	dx	a	a−=	=	=∫	2	2=	=	y	dI	x	dA	x	adx	3	2	42	3	3	a	a	y
a	a	x	I	a	x	dx	a	a−	−	é	ù	=	=	=ê	ú	ë	û	∫	4	42	2	3	3	O	x	yJ	I	I	a	a=	+	=	+	44	3	O	J	a=		2	O	O	J	k	A=	4	2	2	2	4	23	32	O	a	J	k	a	A	a	=	=	=	2	3	O	k	a=		(b)	3	1	12	=	x	dI	a	dx	[	]	3	3	22	4	0	0	1	12	12	6	aa	x	a	a	I	dx	x	a=	=	=∫	(	)2	2=	=ydI	x	dA	x	adx	2	3	2	2	4	0	0	8	3	3	a	a	y	x	I	a	x	dx	a	a	é	ù	=	=	=ê	ú	ë	û	∫	4	4	4	1	8	17	6	3	6	O	x	yJ	I	I	a	a	a=	+	=	+	=	417	6	O	J	a=		2	O	O
J	k	A=	4	2	2	2	17	176	122	O	O	a	J	k	a	A	a	=	=	=	17	12	O	k	a=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.
Chapter	9,	Solution	22.	Have:	(	)(	)	(	)(	)1=	2	3	2	2	−A	a	b	a	b	5=	ab	Have:	=	+P	x	yJ	I	I	Where:	2=	∫xI	y	dA	2	2	0	2	a	b	b	x	a	y	dydx	−	=	∫	∫	(	)	3	3	0	2	2	3	a	b	b	x	dx	a	é	ùæ	ö=	−	−ê	úç		è	øê	úë	û	∫	4	3	3	0	2	8	3	4	æ	ö	=	+ç	ç		è	ø	a	x	b	x	a	311	2	=	ab	And	2=	∫yI	x	dA	2	2	0	2	a	b	b	x	a	x	dydx	−	=	∫	∫	2	0	2	2	a	b	x	b	x	dx	a	é	ùæ	ö=	−	−ç	ê	ú	è	øë	û	∫	3	4	0	2	1	2	3	4	æ	ö=	+ç
	è	ø	a	b	x	x	a	3	11	6	=	a	b	continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Then:	3	3	11	11	2	6	=	+	P	J	ab
a	b	(	)2	211	3	6	=	+	P	J	ab	a	b		Also:	=	P	P	J	k	A	(	)2	211	3	6	5	ab	a	b	ab	+	=	(	)2	211	3	30	=	+	P	k	a	b		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©
2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	24.	First	note:	2	2=	−x	r	y	P	x	yJ	I	I=	+	2	2	2	2	2	0	2	r	r	r	y	xI	y	dA	y	dxdy	−=	=∫	∫	∫	2	2	2	2	2	r	r	y	r	y	dy=	−∫	Let	sin=y	r	θ	Then	cos	;=dy	r	dθ	θ	:=y	r	;	2	=	πθ	:	2	=	ry	6	=	πθ	Thus	(	)(	)2	6	2	2	2	sin	cos	cos	x	I	r	r	r	d	π	π	θ	θ	θ	θ=	∫	Now	sin	2	2sin	cos=θ	θ	θ	thus	2	2	21sin	cos	sin	2	4	=θ	θ	θ	2	6	4	21
sin	2	2	x	I	r	d	π	π	θ	θ=	∫	2	4	6	1	sin	4	2	2	8	r	π	π	θ	θæ	ö=	−ç		è	ø	4	1	1	3	2	4	12	8	2	æ	ö	=	−	+	×ç	ç		è	ø	r	π	π	4	3	4	3	8	æ	ö	=	+ç	ç		è	ø	r	π	2	2	2	2	2	0	2	r	r	r	y	y	I	x	dA	x	dxdy	−=	=∫	∫	∫	(	)	2	3	2	2	2	2	3	r	r	r	y	dy=	−∫	continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,
Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Let	sin=y	r	θ	Then	(	)(	)2	6	3	32	cos	cos	3	y	I	r	r	d	π	π	θ	θ	θ=	∫	Now	(	)4	2	2	2	21cos	cos	1	sin	cos	sin	2	4	θ	θ	θ	θ	θ=	−	=	−	Thus	2	6	4	2	22	1	cos	sin	2	3	4	y	I	r	d	π	π	θ	θ	θ	æ	ö=	−ç		è	ø	∫	2	4	6	2	sin	2
1	sin	4	3	2	4	4	2	8	r	π	π	θ	θ	θ	θé	ùæ	ö	æ	ö=	+	−	−ç		ç	ê	ú	è	ø	è	øë	û	4	1	1	1	3	1	1	1	3	3	2	4	2	6	2	2	4	6	4	4	2	é	ùæ	öæ	ö=	−	×	−	+	×	−	×	+	×	×ê	úç	ç		ç	è	øê	úè	øë	û	r	π	π	π	π	4	3	3	4	3	8	æ	ö	=	−ç	ç		è	ø	r	π	Then	4	4	3	3	3	4	3	8	4	3	8	æ	ö	æ	ö	=	+	+	−ç		ç	ç		ç		è	ø	è	ø	P	r	r	J	π	π	(	)	4	8	3	3	48	=	−r	π	40.415=	P	J	r		Now	2	2	r	r	A	xdy=	∫	2	2	2	r	r	r	y	dy=	−∫	continued	COSMOS:
Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Let	sin=y	r	θ	(	)(	)2	6	2	cos	cosA	r	r	d	π	π	θ	θ	θ=	∫	2	2	6	sin	2	2	2	4	r	π	π	θ	θæ
ö=	+ç		è	ø	2	1	3	2	6	2	2	æ	ö	=	−	−	×ç	ç		è	ø	r	π	π	(	)	2	4	3	3	12	=	−r	π	Have	=	P	P	J	k	A	(	)	(	)	4	2	8	3	3	48	4	3	3	12	r	r	π	π	−	=	−	0.822=	P	k	r		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,
David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Then	1	1	1	4	1:	%	error	100%	1	1	4	m	t	R	−	+	=	=	×	+	or	%	error	10.56%=	−		2	2	1	1	1	1	4	41	:	%	error	100%	4	1	1	1	4	4	m	t	R	æ	ö−	+	ç		è	ø=	=	×	æ	ö+	ç		è	ø	or	%	error	0.772%=	−		2	2	1	1	1	1	4	161	:	%	error	100%	16	1	1	1	4	16	m	t	R	æ	ö−	+	ç		è	ø=	=	×	æ	ö+	ç		è	ø	or	%	error
0.0488%=	−		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	27.	Have:	cos	2	4	0	0	2	a	A	rdrd	π
θ	θ=	∫	∫	2	24	0	cos	2a	d	π	θ	θ=	∫	4	2	0	sin	4	2	8	a	π	θ	θæ	ö=	+ç		è	ø	2	8	=	aπ	Have:	2	O	J	r	dA=	∫	(	)cos	2	24	0	0	2	a	r	rdrd	π	θ	θ=	∫	∫	4	44	0	1	cos	2	2	a	d	π	θ	θ=	∫	Now:	(	)4	2	2cos	2	cos	2	1	sin	2θ	θ	θ=	−	2	2	1	cos	2	sin	4	4	=	−θ	θ	Then:	4	2	24	0	1	1	cos	2	sin	4	2	4	O	J	a	d	π	θ	θ	θæ	ö=	−ç		è	ø	∫	4	4	0	1	sin	4	1	sin8	2	2	8	4	2	16	a	π	θ	θ	θ	θé	ùæ	ö	æ	ö=	+	−	−ç		ç	ê	ú
è	ø	è	øë	û	4	1	1	4	4	4	4	æ	ö=	−	×ç		è	ø	a	π	π	4	3	64	O	J	a	π=		continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.
And:	O	O	J	k	A	=	4	2	3	64	8	=	a	a	π	π	6	4	O	a	k	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,
Solution	29.	First	the	circular	area	is	divided	into	an	increasing	number	of	identical	circular	sectors.	The	sectors	can	be	approximated	by	isosceles	triangles.	For	a	large	number	of	sectors	the	approximate	dimensions	of	one	of	the	isosceles	triangles	are	as	shown.	For	an	isosceles	triangle	(see	Problem	9.28)	(	)2	212	48	O	bh	J	h	b=	+	Then	with	andb	r
h	rθ=	∆	=	(	)	(	)(	)	(	)22	sector	1	12	48	O	J	r	r	r	ré	ù∆	∆	+	∆ê	úë	û	θ	θ	(	)4	21	12	48	r	θ	θé	ù=	∆	+	∆	ë	û	Now	(	)2sector	sector	4	0	0	1	lim	lim	12	48	O	O	dJ	J	r	d	∆	→	∆	→	∆æ	ö	ì	üé	ù=	=	+	∆í	ýç		ê	úë	û∆	î	þè	øθ	θ	θ	θ	θ	4	1	4	r=	Then	(	)	[	]22	4	4sector	0circle	0	1	1	4	4	O	O	J	dJ	r	d	r	ππ	θ	θ=	=	=∫	∫	(	)	4	circle	or	2	O	J	r=	π		COSMOS:	Complete	Online	Solutions	Manual
Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	30.	From	the	solution	to	sample	Problem	9.2,	the	centroidal	polar	moment	of	inertia	of	a
circular	area	is	(	)	4	cir	2	C	J	r	π=	The	area	of	the	circle	is	2	cir	A	rπ=	So	that	(	)	2	cir	2	C	A	J	A	π	é	ù	=ë	û	Two	methods	of	solution	will	be	presented.	However,	both	methods	depend	upon	the	observation	that	as	a	given	element	of	area	dA	is	moved	closer	to	some	point	C,	The	value	of	C	J	will	be	decreased	(	2	C	J	r	dA=	∫	;	as	r	decreases,	so	must	C	J	).
Solution	1	Imagine	taking	the	area	A	and	drawing	it	into	a	thin	strip	of	negligible	width	and	of	sufficient	length	so	that	its	area	is	equal	to	A.	To	minimize	the	value	of	(	)	,C	AJ	the	area	would	have	to	be	distributed	as	closely	as	possible	about	C.	This	is	accomplished	by	winding	the	strip	into	a	tightly	wound	roll	with	C	as	its	center;	any	voids	in	the	roll
would	place	the	corresponding	area	farther	from	C	than	is	necessary,	thus	increasing	the	value	of	(	)	.C	AJ	(The	process	is	analogous	to	rewinding	a	length	of	tape	back	into	a	roll.)	Since	the	shape	of	the	roll	is	circular,	with	the	centroid	of	its	area	at	C,	it	follows	that	(	)	2	Q.E.D.	2	C	A	A	J	π	≥		where	the	equality	applies	when	the	original	area	is
circular.	continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Solution	2	Consider	an	area	A,	with	its	centroid
at	point	C,	and	a	circular	area	of	area	A,	with	its	center	(and	centroid)	at	point	C.	Without	loss	of	generality,	assume	that	1	2	3	4	A	A	A	A=	=	It	then	follows	that	(	)	(	)	(	)	(	)	(	)	(	)1	2	3	4cirC	C	C	C	C	CAJ	J	J	A	J	A	J	A	J	Aé	ù=	+	−	+	−ë	û	Now	observe	that	(	)	(	)1	2	0C	CJ	A	J	A−	≥	(	)	(	)3	4	0C	CJ	A	J	A−	≥	since	as	a	given	area	is	moved	farther	away	from	C	its
polar	moment	of	inertia	with	respect	to	C	must	increase.	(	)	(	)	cirC	CA	J	J∴	≥	or	(	)	2	Q.E.D.	2	C	A	A	J	π	≥		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell
©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	33.	Area:	(	)(	)	(	)(	)	22	10	mm	40	mm	90	mm	10	mm	1700	mmA	é	ù=	+	=ë	û	Part	:	(	)(	)	(	)(	)(	)3	22	1	40	mm	10	mm	40	mm	10	mm	40	mm	12	y	y	I	I	Ad=	+	=	+	3	4643.3	10	mm=	×	Part	:	(	)(	)3	3	41	10	mm	90	mm	607.5	10	mm	12	y	y	I	I=	=	=	×	Part	:	(Same	as	Part	)	3	4	643.3	10	mm	y	I	=	×
Thus	for	entire	area:	(	)	3	4643.3	607.5	643.3	10	mmyI	=	+	+	×	6	41.894	10	mm=	×	6	41.894	10	mm	y	I	=	×		6	4	2	2	2	1.894	10	mm	1114.2	mm	1700	mm	y	y	I	k	A	×=	=	=	33.4	mm	y	k	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell
Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	34.	Have	1	2	3	A	A	A	A=	−	−	(	)(	)	(	)(	)	(	)(	)	212	8	5	4	2	6	iné	ù=	−	−ë	û	264	in=	Have	(	)	(	)	(	)	1	2	3	y	y	y	y	I	I	I	I=	−	−	(	)(	)	(	)(	)	(	)(	)	(	)	2	3	3	3	2	41	1	1	1	8	12	4	5	20	6	2	12	4	in	12	12	2	12	ì	üé	ùï	ïé	ù	æ	ö	é	ù=
−	+	−	+ê	úí	ýç	ê	ú	ê	ú	ë	û	è	ø	ë	ûê	úï	ïë	ûî	þ	(	)	(	)	(	)	41152	41.667	5	4	192	iné	ù=	−	+	−	+ë	û	4909.33	in=	4909	in	y	I	=		And	y	y	I	k	A	=	4	2	909.33	in	64	in	=	3.77	in.=	3.77	in.	y	k	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot
R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	35.	Have	(	)	(	)	(	)	1	2	3x	x	x	x	I	I	I	I=	+	+	(	)(	)	(	)(	)3	31	12	4	3	3	3	a	a	a	a	é	ù	é	ù=	+ê	ú	ê	ú	ë	û	ë	û	2	2	4	2	24	4	3	16	4	3	4	3	a	a	a	a	a	a	π	π	π	π	π	ì	üé	ùï	ïæ	ö	æ	ö+	−	+	+ê	úí	ýç		ç		è	ø	è	øê	úï	ïë	ûî	þ	4	4	4	128	27	4	9	4	2	3	3	16	9	4	9	a	a	a	π
π	π	π	æ	ö	æ	ö	æ	ö=	+	+	−	+	+	+ç		ç		ç		è	ø	è	ø	è	ø	4	4	161	37	60.9316	3	16	a	a	πæ	ö=	+	=ç		è	ø	or	460.9	x	I	a=		Also	(	)	(	)	(	)	1	2	3	y	y	y	y	I	I	I	I=	+	+	(	)(	)	(	)(	)3	3	41	14	2	3	3	3	16	a	a	a	a	a	πé	ù	é	ù	é	ù=	+	+ê	ú	ê	ú	ê	ú	ë	û	ë	û	ë	û	4	4	32	1	11.8630	3	16	a	a	πæ	ö=	+	+	=ç		è	ø	or	411.86	y	I	a=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector
Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	38.	Given:	26000	mmA	=	(	)(	)26	4	218	10	mm	6000	mm	50	mmAAI	I′	=	×	=	+	6	43	10	mmI	=	×	(	)(	)22	6	4	23	10	mm
6000	mm	60	mmBBI	I	Ad′	=	+	=	×	+	6	424.6	10	mm=	×	6	424.6	10	mm	BB	I	′	=	×		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-
Hill	Companies.	Chapter	9,	Solution	39.	Have	2	1A	C	J	J	Ad=	+	1	2d	a=	(	)2	22B	CJ	J	A	d	a=	+	+	Then	(	)2	223A	BJ	J	A	a	d−	=	−	Substituting	(	)	(	)24	4	2	2256	in	190	in	24	in	3	2	in.aé	ù−	=	−ê	úë	û	1.500	in.a	=		And	(	)	(	)24	2256	in	24	in	4	1.500	in.CJ	é	ù=	+	ê	úë	û	440.0	in	C	J	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector
Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	40.	Have	2	1A	C	J	J	Ad=	+	(	)2	22B	CJ	J	A	d	a=	+	+	(a)	3	;	B	A	J	J=	1	2	2.5	in.d	d=	=	Then	(	)	(	)2	2	21	13	C	CJ	Ad	J	A	d	a+
=	+	+	or	2	2	1	2	2	C	J	a	d	A	=	+	(	)	4	2	2	52.5	in	2	2.5	in.	30	in	é	ù	=	+ê	ú	ë	û	4.00	in.a	=		(b)	Have	(	)	(	)	(	)2	24	252.5	in	30	in	2.5	in	4.00	in.BJ	é	ù=	+	+ê	úë	û	4720	in	B	J	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.
Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	43.	Locate	centroid:	(	)(	)	21	1	18	in.	3	in.	16	6	96	inx	y	A=	=	=	=	(	)(	)	22	2	21.5	in.	2	in.	3	4	12	inx	y	A=	−	=	=	=	(	)(	)	23	3	314	in.	5.25	in.	4	10.5	42	inx	y	A=	=	−	=	=	xA	x	Α	Σ=	Σ	(	)	(	)	(	)	(	)	3	2	8	96	1.5	12	14	42	in	8.92	in.	96
12	42	in	é	ù−	+ë	û=	=	+	+	yA	y	A	Σ=	Σ	(	)	(	)	(	)	(	)	3	2	3	96	2	12	5.25	42	in	0.610	in.	96	12	42	in	é	ù+	−ë	û=	=	+	+	(	)	(	)	(	)	1	2	3x	x	x	x	I	I	I	I=	+	+	(	)(	)	(	)(	)	(	)(	)	(	)(	)3	2	3	24	41	116	6	96	3	0.610	in	3	4	12	2	0.610	in	12	12	é	ù	é	ù=	+	−	+	+	−ê	ú	ê	ú	ë	û	ë	û	(	)(	)	(	)(	)3	2	41	4	10.5	42	5.25	0.610	in	12	é	ù+	+	−	−ê	ú	ë	û	(	)	(	)	(	)	4288	548.36	16	23.185	385.875
1442.26	iné	ù=	+	+	+	+	+ë	û	42703.7	in=	42700	in	x	I	=		(	)	(	)	(	)	1	2	3y	y	y	y	I	I	I	I=	+	+	(	)(	)	(	)(	)	(	)(	)	(	)(	)3	2	3	24	41	16	16	96	8	8.92	in	4	3	12	1.5	8.92	in	12	12	é	ù	é	ù=	+	−	+	+	−	−ê	ú	ê	ú	ë	û	ë	û	(	)(	)	(	)(	)3	2	41	10.5	4	42	14	8.92	in	12	é	ù+	+	−ê	ú	ë	û	(	)	(	)	(	)	42048	81.254	9	1302.92	56	1083.87	iné	ù=	+	+	+	+	+ë	û	44581.0	in=	44580	in	y	I	=		COSMOS:
Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	44.	Locate	centroid:	(	)(	)1	1	120	mm	45	mm	40	mm	90
mmx	y	A=	=	=	23600	mm=	(	)(	)2	2	2	1	50	mm	51	mm	48	mm	30	mm	2	x	y	A=	=	=	2720	mm=	Then	i	i	i	x	A	x	Α	Σ=	Σ	(	)(	)	(	)(	)2	2	2	2	20	mm	3600	mm	50	mm	720	mm	3600	mm	720	mm	+	=	+	25.0	mm=	And	i	i	i	y	A	y	A	Σ=	Σ	(	)(	)	(	)(	)2	2	2	2	45	mm	3600	mm	51	mm	720	mm	3600	mm	720	mm	+	=	+	46.0	mm=	Now	(	)	(	)	1	2x	x	x	I	I	I=	+	(	)(	)	(	)(	)3
221	40	mm	90	mm	3600	mm	1	mm	12	é	ù=	+ê	ú	ë	û	(	)(	)	(	)(	)3	221	130	mm	24	mm	720	mm	59	mm	46.0	mm	36	2	é	ù+	+	−ê	ú	ë	û	(	)(	)	(	)(	)3	221	130	mm	24	mm	720	mm	46.0	mm	43	mm	36	2	é	ù+	+	−ê	ú	ë	û	(	)	(	)	(	)6	3	3	3	42.430	10	3600	11.520	10	60.840	10	11.520	10	3240	mmé	ù=	×	+	+	×	+	×	+	×	+ë	û	6	42.52	10	mm	x	I	=	×		continued	COSMOS:
Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	And	(	)	(	)	1	2	y	y	y	I	I	I=	+	(	)(	)	(	)(	)3	221	90	mm	40	mm	3600	mm	5	mm	12	é
ù=	+ê	ú	ë	û	(	)(	)	(	)(	)3	221	48	mm	30	mm	720	mm	25	mm	36	é	ù+	+ê	ú	ë	û	(	)	(	)3	3	3	3	4480	10	90	10	36	10	450	10	mmé	ù=	×	+	×	+	×	+	×ë	û	6	41.056	10	mm	y	I	=	×		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.
Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	46.	Locate	centroid:	By	symmetry,	0=y	1	0=x	(	)(	)	21	100	mm	60	mm	6000	mm=	=A	π	π	(	)	2	4	45	mm	60	mm	3	x	π	π	=	=	(	)2	22	45mm	1012.5	mm	2	A	π	π=	−	=	−	All	dimensions	in	mm	(	)	3	4	30	mm	40	mm	3	x	π	π	−	=	=	−	(
)2	23	30	mm	450	mm	2	A	π	π=	−	=	−	(	)	(	)	(	)	(	)	3	2	60	40	0	6000	1012.5	450	mm	2.9990	mm	6000	1012.5	450	mm	xA	x	A	π	π	π	π	π	π	π	π	é	ù+	−	−	−ê	úΣ	ë	û=	=	=	−	Σ	−	−	(a)	Have	(	)	(	)	(	)	1	2	3O	O	O	O	J	J	J	J=	−	−	(	)(	)(	)	(	)	(	)4	42	2	4	4	41	1	1100	60	100	60	mm	45	mm	30	mm	4	4	4	é	ù	é	ù	é	ù=	+	−	−ê	ú	ê	ú	ê	ú	ë	û	ë	û	ë	û	π	π	π	(	)	420	400	000	1	025	156	202
500	mmπ=	−	−	460232000	mm=	or	6	460.2	10	mm	O	J	=	×		(b)	Have	2	O	C	J	J	Ax=	+	With	(	)	26000	1012.5	450	mm=	−	−A	π	π	π	24537.5	mm=	π	Then	(	)(	)24	260	232	000	mm	4537.5	mm	2.9990	mmCJ	π=	−	−	4	460	232	000	mm	128209	mm=	−	460	104	000	mm=	or	6	460.1	10	mm	C	J	=	×		COSMOS:	Complete	Online	Solutions	Manual
Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	47.	Locate	centroid:	1	4	in.=x	1	1.15	in.=	−y	(	)(	)	21	16	2.3	36.8	inA	=	=	2	4	in.=x	2	3.2
in.=y	(	)(	)	22	1	12	9.6	57.6	in	2	A	=	=	3	2	in.=x	3	1.6	in.=y	(	)(	)	23	1	6	4.8	14.4	in	2	A	=	=	−	(	)	(	)	(	)	(	)	3	3	2	2	4	36.8	4	57.6	2	14.4	in	348.8	in	4.360	in.	36.8	57.6	14.4	in	80	in	xA	x	A	é	ù+	+	−Σ	ë	û=	=	=	−	=	Σ	+	−	(	)	(	)	(	)	3	3	2	2	1.15	36.8	3.2	57.6	1.6	14.4	in	118.96	in	1.487	in.	80	in	80	in	yA	y	A	é	ù−	+	+	−Σ	ë	û=	=	=	−	=	Σ	(a)	Have	(	)	(	)	(	)	1	2	3	=	+
−	x	x	x	x	I	I	I	I	(	)(	)	(	)(	)	(	)(	)3	3	34	4	4	4	4	4	4	1	1	1	16	2.3	in	12	9.6	in	6	4.8	in	3	12	12	64.891	in	884.736	in	55.296	in	894.33	in	=	+	−	=	+	−	=	(	)	(	)	(	)	1	2	3	=	+	−	y	y	y	y	I	I	I	I	(	)(	)	(	)(	)	(	)(	)	(	)(	)3	2	3	34	4	4	4	4	4	4	1	1	1	2.3	16	2.3	16	4	in	9.6	12	in	4.8	6	in	12	12	12	1373.87	in	1382.4	in	86.4	in	2669.9	in	é	ù=	+	+	−ê	ú	ë	û	=	+	−	=	Now	4	4894.33	in
2669.9	inO	x	yJ	I	I=	+	=	+	43564.2	in=	43560	in	O	J	=		(b)	Have	2	O	C	J	J	Ad=	+	where	2	2	2=	+d	x	y	Then	(	)	(	)	(	)2	24	23564.2	in	80	in	4.360	in.	1.487	in.CJ	é	ù=	−	+ê	úë	û	4	43564.2	in	1697.66	in=	−	41866.54	in=	41867	in	C	J	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and
Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	48.	Locate	centroid:	(	)	1	4	12	in.	3	=y	π	(	)21	12	in	2	A	π=	16	in.	π	=	272	inπ=	2	4	in.=y	(	)(	)2	12	in.	8	in.=	−A	296	in=	−	Then	i	i	i	y	A	y	Α	Σ=	Σ	(	)	(	)(	)2	2	2	2
16	in.	72	in	4	in.	96	in	72	in	96	in	5.8989	in.	π	π	π	æ	ö	+	−ç		è	ø=	−	=	(a)	Have	O	x	yJ	I	I=	+	Where	(	)	(	)	1	2	=	−	x	x	x	I	I	I	(	)	(	)(	)4	3	4	1	12	in.	12	in.	8	in.	8	3	6095.0	in	πé	ù=	−ê	ú	ë	û	=	And	(	)	(	)	1	2	=	−	y	y	y	I	I	I	(	)	(	)(	)4	3	4	1	12	in.	8	in.	12	in.	8	12	6991.0	in	πé	ù=	−ê	ú	ë	û	=	Then	(	)	46095.0	6991.0	inOJ	=	+	413086.0	in=	3	413.09	10	in	O	J	=	×		(b)
Have	2	O	C	J	J	Ay=	+	(	)	(	)24	213086.0	in	72	96	in	5.8989	in.CJ	πé	ù=	+	−ë	û	3	48.555	10	in	C	J	=	×	3	48.56	10	in	C	J	=	×		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,
Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	51.	Shape	Data:	Fig.	9.13A	S10	35:×	210.3	inA	=	C10	20:×	25.88	inA	=	4147	in	x	I	=	478.9	in	x	I	=	48.36	in	y	I	=	42.81	in	y	I	=	Combined	section:	(	)2	2	2S	C2	10.3	in	2	5.88	in	22.06	inA	A	A=	+	=	+	=	(	)	(	)	(	)4	4	4	S	C	2	147	in	2	78.9	in	304.8	in	x	x	x	I	I	I=	+	=	+	=	or	4305
in	x	I	=		(	)	(	)	2C	S	C	2	y	y	y	I	I	I	A	dé	ù=	+	+	ë	û	(	)	(	)	2	4	4	2	4	4	4.944	8.36	in	2	2.81	in	5.88	in	in.	2.739	in.	0.606	in.	2	8.36	5.62	249.38	in	263.36	in	é	ùæ	ö=	+	+	+	−ê	úç		è	øê	úë	û	=	+	+	=	or	4263	in	y	I	=		4	2	304.8	in	22.06	in	x	x	I	k	A	=	=	or	3.72	in.=	x	k		4	2	263.36	in	22.06	in	y	y	I	k	A	=	=	or	3.46	in.=	y	k		COSMOS:	Complete	Online	Solutions	Manual
Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	52.	Channel:	23780	mmA	=	6	432.6	10	mm	x	I	=	×	6	41.14	10	mm	y	I	=	×	Now	(	)	(	)	plate	2
x	x	x	C	I	I	I=	+	(	)	(	)36	42	32.6	10	mm	300	mm	12	d=	×	+	(	)6	6	465.2	10	2.25	10	mmd=	×	+	×	And	(	)	(	)	channel	plate	2	y	y	y	I	I	I=	+	(	)	(	)	2	3	6	4	2	300	mm	2	1.14	10	mm	3780	mm	15.3	mm	2	12	ddé	ùæ	ö=	×	+	+	+ê	úç		è	øê	úë	û	(	)6	2	3	6	3	42.28	10	1890	115.668	10	1.7697	10	25	mmd	d	dé	ù=	×	+	+	×	+	×	+ë	û	(	)3	2	3	6	425	1890	115.67	10	4.0497	10
mmd	d	d=	+	+	×	+	×	Given	16	x	y	I	I=	Then	6	665.2	10	2.25	10d×	+	×	(	)3	2	3	616	25	1890	115.67	10	4.0497	10d	d	d=	+	+	×	+	×	or	3	225	1890	24955	25300	0+	−	−	=d	d	d	Solving	numerically	12.2935	mmd	=	or	12.29	mmd	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and
Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	53.	Locate	centroid:	1	15.3	mmx	=	1	127	mmy	=	2	1	3780	mmA	=	2	21.4	mmx	=	−	2	76	mm	21.4	mmy	=	−	2	2	932	mmA	=	54.6	mm=	3	21.4	mmx	=	−	3	76
mm	21.4	mmy	=	+	2	3	932	mmA	=	97.4	mm=	Then	i	i	i	x	A	x	Α	Σ=	Σ	(	)(	)	(	)(	)	(	)	2	2	2	2	15.3	mm	3780	mm	2	21.4	mm	932	mm	3780	mm	2	932	mm	é	ù+	−	ë	û=	+	3.1794	mm=	And	i	i	i	y	A	y	Α	Σ=	Σ	(	)(	)	(	)(	)	(	)	2	2	2	2	127	mm	3780	mm	76	mm	2	932	mm	3780	mm	2	932	mm	+	×	=	+	110.157	mm=	Now	(	)	(	)	(	)	1	2	3x	x	x	x	I	I	I	I=	+	+	(	)(	)	(	)(	)	(	)(	)
26	4	2	26	4	2	26	4	2	32.6	10	mm	3780	mm	127	mm	110.157	mm	0.517	10	mm	932	mm	110.157	mm	54.6	mm	0.517	10	mm	932	mm	110.157	mm	97.4	mm	é	ù=	×	+	−ê	úë	û	é	ù+	×	+	−ê	úë	û	é	ù+	×	+	−ê	úë	û	continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.
Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Centroid:	0X	=	Ay	Y	A	Σ=	Σ	or	(	)	(	)	(	)	(	)	(	)	(	)	(	)	2	2	2	2	2	2	2	1.44	in	27	in.	0.84	in.	2	4.75	in	0.987	in.	21.6	in	13.5	in.	2	1.44	in	4.75	in	21.6	in	é	ù	é	ù−	+	+	ë	û	ë	û=	+	+	Y	3	2	376.31	in	11.0745	in.	33.98	in	=	=
Now	(	)	(	)	(	)	1	3	2	2	2	x	x	x	x	I	I	I	I=	+	+	(	)	(	)2	24	42	6.27	4.75	11.075	0.987	in	2	1.24	1.44	27	0.842	11.075	iné	ù	é	ù=	+	−	+	+	−	−ê	ú	ê	úë	û	ë	û	(	)2	41312.2	21.6	13.5	11.075	iné	ù+	+	−ê	úë	û	(	)	(	)4	4	4	42	489.67	in	2	328.84	in	1439.22	in	3076.24	in=	+	+	=	or	4	3076	in	x	I	=		Also	(	)	(	)	(	)	(	)	1	3	2	2	2	y	y	y	y	I	I	I	I=	+	+	(	)	(	)	(	)	(	)	2	24	4	4	4	4	4	4	2	17.4
4.75	0.4	1.99	in	2	1.24	1.44	0.4	0.842	in	1.152	in	2	44.532	in	2	3.4613	in	1.152	in	97.139	in	é	ù	é	ù=	+	+	+	+	+	+ê	ú	ê	úë	û	ë	û	=	+	+	=	or	4	97.1	in	y	I	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.
Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	55.	Angle:	22420	mmA	=	6	43.93	10	mm	x	I	=	×	6	41.06	10	mm	y	I	=	×	Plate:	(	)(	)	2200	mm	10	mm	2000	mmA	=	=	(	)(	)3	6	41	200	mm	10	mm	0.01667	10	mm	12	x	I	=	=	×	(	)(	)3	6	41	10	mm	200	mm	6.6667	10	mm	12	y	I	=	=	×	Centroid	0X	=	Ay	Y
A	Σ=	Σ	or	(	)(	)	(	)	(	)	2	2	3	2	2	2	2420	mm	44.4	mm	2000	mm	5	mm	204896	mm	2	2420	2000	mm	6840	mm	Y	+	−	=	=	é	ù+ë	û	29.9556	mm=	Now	(	)	(	)	angle	plate	2	x	x	x	I	I	I=	+	(	)(	)26	42	3.93	10	2420	44.4	29.9556	mmé	ù=	×	+	−ê	úë	û	(	)(	)26	40.01667	10	2000	29.9556	5	mmé	ù+	×	+	+ê	úë	û	(	)6	4	6	42	4.4349	10	mm	2.4605	10	mm=	×	+	×	6	411.3303
10	mm=	×	or	6	411.33	10	mm	x	I	=	×		continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Also	(	)	(	)	angle
plate	2	y	y	y	I	I	I=	+	Where	(	)	(	)(	)26	4	2	angle	1.06	10	mm	2420	mm	19.0	mm	y	I	b=	×	+	−	(	)(	)6	2	41.06	10	2420	38	361	mmb	bé	ù=	×	+	−	+ë	û	2	6	4	2420	91960	1.93362	10	mmb	bé	ù=	−	+	×ë	û	and	(	)	6	4	plate	6.6667	10	mm	y	I	=	×	Now	(	)3y	xI	I=	Then	(	)2	6	4	6	4	6	42	2420	91960	1.93362	10	mm	6.6667	10	mm	3	11.33	10	mmb	b	é	ùé	ù−	+	×	+	×
=	×ë	û	ë	û	or	2	6	6	2420	91960	1.93362	10	13.662	10	0b	b−	+	×	−	×	=	2	38.0	4846.5	0b	b−	−	=	91.16	mmb	=	or	91.2	mmb	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David
Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	57.	From	Sec.	9.2:	R	ydAγ=	∫	2	AA	M	y	dAγ′	=	∫	Let	Distance	of	center	of	pressure	from	.	P	y	AA′=	We	must	have	'	:	P	AA	Ry	M=	2	AA	AA	P	y	dAM	I	y	R	ydA	yA	γ	γ	′	′=	=	=∫	∫	For	a	triangular	panel:	3	1	12	AA	I	ah′	=	1	3	y	h=	1	2	A	ah=	Thus	31	112	1	1	2	3	2	P	ah	y	h
h	ah	=	=	æ	öæ	ö	ç	ç		è	øè	ø	1	2	P	y	h=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	58.	From
Sec.	9.2:	R	ydAγ=	∫	2	AA	M	y	dAγ′	=	∫	Let	Distance	of	center	of	pressure	from	.	P	y	AA′=	We	must	have	'	:	P	AA	Ry	M=	2	AA	AA	P	y	dAM	I	y	R	ydA	yA	γ	γ	′	′=	=	=∫	∫	For	a	semiellipse	3	8	AA	I	ab	π	′	=	4	,	3	2	b	y	A	ab	π	π	=	=	Then	3	8	4	3	2	P	ab	y	b	ab	π	π	π	=	æ	öæ	ö	ç	ç		è	øè	ø	or	3	16	P	y	b	π=		COSMOS:	Complete	Online	Solutions	Manual	Organization
System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	59.	From	Sec.	9.2:	R	ydAγ=	∫	2	AA	M	y	dAγ′	=	∫	Let	Distance	of	center	of	pressure	from	:	P	y	AA′=	We
must	have	'	:	P	AA	Ry	M=	2	AA	AA	P	y	dAM	I	y	R	ydA	yA	γ	γ	′	′=	=	=∫	∫	Divide	Trapezoid	as	shown:	(	)	3	3	3	31	1	1	1	12	3	12	4	AA	I	a	b	h	bh	ah	bh′	=	−	+	=	+	(	)	(	)	2	21	1	2	2	1	1	1	1	1	3	2	2	6	3	yA	y	A	y	A	h	a	b	h	h	bh	ah	bh	é	ù=	+	=	−	+	=	+ê	ú	ë	û	3	3	2	2	1	1	12	4	1	1	6	3	AA	P	ah	bh	I	y	yA	ah	bh	′	+	=	=	+	3	2	4	P	a	b	y	h	a	b	+=	+		COSMOS:	Complete
Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	62.	Using	equations	developed	on	page	491	of	text:	x	ss	P	I	I	y	yA	yA
′=	=	R	yAγ=	Now	yA	yA=	Σ	(	)	117	in.	120	in.	51	in.	2	h	æ	ö=	+	×	×ç		è	ø	(	)79	in.d	h=	+	(	)	134	in.	84	in.	51	in.	2	h	æ	ö+	+	×	×ç		è	ø	(	)	35202	124848	inh=	+	(	)	336.125	72.25	fth=	+	Then,	(	)(	)3	362.4	lb/ft	36.125	72.75	ftR	yA	h	+γ=	=	(	)2254.2	2	lbh=	+	Also,	ss	I	′	(	)	(	)1	2ss	ssI	I′	′=	+	3	2	21	120	51	1	120	51	17	ft	ft	ft	ft	ft	36	12	12	2	12	12	12	h	ì	üé	ùï
ïæ	öæ	ö	æ	öæ	ö	æ	ö=	+	+í	ýç	ç		ç	ç		ç	ê	ú	è	øè	ø	è	øè	ø	è	øë	ûï	ïî	þ	3	2	21	84	51	1	84	51	34	ft	ft	ft	ft	ft	36	12	12	2	12	12	12	h	ì	üé	ùï	ïæ	öæ	ö	æ	öæ	ö	æ	ö+	+	+í	ýç	ç		ç	ç		ç	ê	ú	è	øè	ø	è	øè	ø	è	øë	ûï	ïî	þ	2	2	4	34	289	68	1156	21.324	21.25	14.9266	14.875	ft	12	144	12	144	h	h	h	h	é	ùæ	ö	æ	ö=	+	+	+	+	+	+	+ç		ç	ê	ú	è	ø	è	øë	û	(	)2	436.125	144.5	198.311	fth	h=	+	+	continued	COSMOS:
Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Then	(	)	(	)	2	4	3	36.125	144.5	198.311	ft	36.125	72.25	ft	ss	P	h	hI	y	yA	h	′	+	+
=	=	+	2	4	5.4896	ft	2	h	h	h	+	+=	+	FBD	of	Gate:	For	gate	to	open:	(	)open0:	0AB	PM	M	y	h	RΣ	=	−	+	−	=	(	)	(	)	2	4	5.4896	2	8000	lb	ft	ft	2254.2	2	lb	0	2	h	h	h	h	h	é	ùæ	ö+	+	é	ù⋅	−	−	+	=ê	úç		ë	ûç	+ê	úè	øë	û	or	2	1.60826	0	0.80413	fth	h−	=	=	Thus	79	79	ft	0.80413	ft	12	12	d	h	æ	ö=	+	=	+ç		è	ø	7.3875	ft=	or	7.39	ftd	=		COSMOS:	Complete	Online	Solutions
Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	63.	Have	EL	x	dV	x	dV	=	∫	∫	where	and	EL	dV	ydA	x	x=	=	Now	60	1	300	5	y	x	x=	=
Then	1	5	1	5	x	x	dA	x	x	dA	æ	ö	ç		è	ø=	æ	ö	ç		è	ø	∫	∫	(	)	(	)	2	z	A	A	Ix	dA	xdA	xA	=	=∫	∫	where	(	)z	AI	is	the	moment	of	inertia	of	the	area	with	respect	to	the	z	axis,	and	x	is	analogous	to	py	Now	(	)	(	)(	)	(	)(	)	(	)3	21	1240	mm	300	mm	240	mm	300	mm	200	mm	36	2	z	A	I	é	ù=	+	ë	û	9	41.620	10	mm=	×	and	(	)	(	)(	)	6	31200	mm	240	mm	300	mm	7.20	10	mm	2	xA
é	ù=	=	×ê	ú	ë	û	Then	9	4	6	3	1.620	10	mm	7.20	10	mm	x	×=	×	or	225	mmx	=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill
Companies.	Then	(	)siny	xyxP	M	Iγ	θ′+	=	or	(	)	(	)sin	siny	xyM	I	x	Ayγ	θ	γ	θ′	=	−	(	)sin	xyI	Ax	yγ	θ=	−	or,	using	Equation	9.13,	or	sin	y	x	y	M	Iγ	θ′	′	′=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.
Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	66.	The	pressure	p	at	an	arbitrary	depth	(	)siny	θ	is	(	)sinp	yγ	θ=	so	that	the	hydrostatic	force	dP	exerted	on	an	infinitesimal	area	dA	is	(	)sindP	y	dAγ	θ=	The	magnitude	P	of	the	resultant	force	acting	on	the	plane	area	is	then	sin	sinP	dP	y	dA	ydAγ	θ	γ
θ=	=	=∫	∫	∫	(	)sin	yAγ	θ=	Now	sinp	yγ	θ=	P	pA∴	=		Next	observe	that	the	resultant	P	is	equivalent	to	the	system	of	infinitesimal	forces	dP.	Equivalence	then	requires	:	x	P	M	y	P	ydPΣ	−	=	−∫	Now	(	)	2sin	sinydP	y	y	dA	y	dAγ	θ	γ	θ=	=∫	∫	∫	(	)sin	x	Iγ	θ=	Then	(	)sinP	xy	P	Iγ	θ=	or	(	)	(	)	sin	sin	x	P	I	y	yA	γ	θ	γ	θ	=	or	x	P	I	y	Ay	=		:y	PM	x	P	xdPΣ	=	∫	Now	(
)sin	sinxdP	x	y	dA	xydAγ	θ	γ	θ=	=∫	∫	∫	(	)sin	xyIγ	θ=	(	)Equation	9.12	continued	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill
Companies.	Then	(	)sinP	xyx	P	Iγ	θ=	or	(	)	(	)	sin	sin	xy	P	I	x	yA	γ	θ	γ	θ	=	or	xy	P	I	x	Ay	=		Now	2	x	x	I	I	Ay′=	+	From	above	(	)x	PI	Ay	y=	By	definition	2	x	x	I	k	A′	′=	Substituting	(	)	2	2P	xAy	y	k	A	Ay′=	+	Rearranging	yields	2	x	P	k	y	y	y	′−	=		Although	x	k	′	is	not	a	function	of	the	depth	of	the	area	(it	depends	only	on	the	shape	of	A),	y	is	dependent	on	the
depth.	(	)	(	)depthPy	y	f∴	−	=	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	69.	Have	xy	I
xydA=	∫	0	0	hb	x	b	xydydx−=	∫	∫	2	0	2	2	1	2	b	h	x	x	dx	b	−	æ	ö	=	−ç	ç		è	ø	∫	0	2	4	2	1	8	b	h	x	b	−	=	−	2	2	1	8	b	h=	2	2	1	8	xy	I	b	h=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David
Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	70.	First	note:	At	:	a	ax	a	b	ke=	=	or	;	b	k	e	=	x	a	b	y	e	e	=	Now	xy	I	xydA=	∫	0	0	x	a	b	e	a	e	xydydx=	∫	∫	2	2	2	0	1	2	x	a	ab	xe	dx	e	=	∫	2	2	2	2	0	1	2	1	2	2	x	a	a	b	e	x	ae	a	é	ù	ê	ú	æ	öê	ú=	−ç	ê	úè	øæ	ö	ê	úç		ê	úè	øë	û	(	)	(	)(	)	2	2	2	2	1	1	1	1	2	4	b	a	e	e	æ	ö	é	ù=	−	−ç	ç		ë	û	è	ø	(	)	2	2	2
2	1	8	a	b	e	e	=	+	2	20.1419	xy	I	a	b=		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	71.	Have
(	)	(	)	(	)	1	2	3	xy	xy	xy	xy	I	I	I	I=	−	−	Where	(	)	1	0	xy	I	=	and	xy	x	y	I	I	Ax	y′	′=	+	for	areas		and		Now	(	)(	)2	2	215	mm	10	mm	50	mm	20	mmx	y	A=	−	=	=	21000	mm=	3	15	mmx	=	(	)(	)3	310	mm	50	mm	20	mmy	A=	−	=	21000	mm=	Then	(	)(	)(	)21000	mm	15	mm	10	mmxyI	=	−	−	(	)(	)(	)1000	mm	15	mm	10	mm−	−	3	4300	10	mm=	×	3	4300	10	mm	xy	I
=	×		0	COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	74.	Have	(	)	(	)	1	2	xy	xy	xy	I	I	I=	+	For
each	rectangle	and	0	(symmetry)	xy	x	y	x	y	I	I	Ax	y	I′	′	′	′=	+	=	Thus	xy	I	x	y	A=	Σ	2,	mmA	,	mmx	,	mmy	4	,	mmAx	y	1	(	)76	6.4	486.4=	12.9−	9.4	58	980.86−	2	(	)44.6	6.4	285.44=	21.9	16.1−	100	643.29−	Σ	159	624.15−	6	4	or	0.1596	10	mm	xy	I	=	−	×		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:
Statics	and	Dynamics,	8/e,	Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	75.	Have	(	)	(	)	(	)	1	2	3	xy	xy	xy	xy	I	I	I	I=	+	+	Now	symmetry	implies	(	)	1	0	xy	I	=	and	for	the	other	rectangles	where	0	(symmetry)	xy	x	y	x	y	I	I	x
yA	I′	′	′	′=	+	=	Thus	(	)	(	)	2	3xy	I	x	yA	x	yA=	+	(	)(	)	(	)(	)69	mm	25	mm	12	mm	38	mmé	ù=	−	−	ë	û	(	)(	)	(	)(	)69	mm	25	mm	12	mm	38	mmé	ù+	ë	û	(	)	4	4786	600	786	600	mm	1	573	200	mm=	+	=	6	4	or	1.573	10	mm	xy	I	=	×		COSMOS:	Complete	Online	Solutions	Manual	Organization	System	Vector	Mechanics	for	Engineers:	Statics	and	Dynamics,	8/e,
Ferdinand	P.	Beer,	E.	Russell	Johnston,	Jr.,	Elliot	R.	Eisenberg,	William	E.	Clausen,	David	Mazurek,	Phillip	J.	Cornwell	©	2007	The	McGraw-Hill	Companies.	Chapter	9,	Solution	76.	Symmetry	implies	(	)	1	0	xy	I	=	Using	Sample	Problem	9.6	and	Equation	9.20,	note	that	the	orientation	of	A2	corresponds	to	a	90°	rotation	of	the	axes;	thus	(	)	2	2	2	1	72	x
y	I	b	h′	′	=	Also,	the	orientation	of	A3	corresponds	to	a	270°	rotation	of	the	axes;	thus	(	)	2	2	3	1	72	x	y	I	b	h′	′	=	Then	(	)	(	)	(	)2	2	4	2	1	9	in.	6	in.	40.5	in	72	x	y	I	′	′	=	=	and	(	)(	)	22	2	2	1	6	in.,	2	in.,	9	in.	6	in.	27	in	2	x	y	A=	−	=	=	=	Also	(	)	(	)	4	3	2	40.5	in	x	y	x	y	I	I′	′	′	′=	=	and	2	3	3	3	2	6	in.,	2	in.,	27	inx	y	A	A=	=	−	=	=	Now	(	)	(	)	(	)	(	)	(	)	1	2	3	2	3	and
xy	xy	xy	xy	xy	x	y	xy	xy	I	I	I	I	I	I	x	yA	I	I′	′=	−	−	=	+	=	Then	(	)(	)(	)4	22	40.5	in	6	in.	2	in.	27	inxyI	é	ù=	−	+	−ë	û	(	)	42	40.5	324	in=	−	−	4or	567	inxyI	=		0
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