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SOME EXACT ANISOTROPIC SOLUTIONS VIANOETHER SYMMETRY IN f(R) GRAVITYM. Sharif *, I. Nawazish **Department of Mathemati
s, University of the PunjabLahore-54590, PakistanRe
eived June 16, 2014We attempt to �nd exa
t solutions of the Bian
hi I model in f(R) gravity using the Noether symmetry ap-proa
h. For this purpose, we take a perfe
t �uid and formulate 
onserved quantities for the power-law f(R)model. We dis
uss some 
osmologi
al parameters for the resulting solution whi
h are responsible for expandingbehavior of the universe. We also explore Noether gauge symmetry and the 
orresponding 
onserved quantity.It is 
on
luded that symmetry generators as well as 
onserved quantities exist in all 
ases and the behavior of
osmologi
al parameters shows 
onsisten
y with re
ent observational data.DOI: 10.7868/S00444510150100461. INTRODUCTIONThere is interest in investigating nonlinear hig-her-order di�erential equations whose exa
t solutions
annot be determined from well-known methods. Thisproblem is resolved by Lie's theory, whi
h helps notonly to �nd exa
t solutions but also to explore newsolutions by applying di�erent transformations. Themost interesting aspe
t of this theory is Noether sym-metry, whi
h is used to obtain analyti
al solutions aswell as the 
orresponding 
onserved quantities. Dif-ferent methods have been introdu
ed to establish 
on-servation laws, like the multiplier approa
h [1℄ andthe partial Noether theorem for variational and non-variational problems [2℄. Some authors [3℄ proposed
omputer pa
kages to 
onstru
t 
onserved quantities.Cheviakov [4℄ introdu
ed Maple 
ode to formulate 
on-servation laws by using the multiplier approa
h.The a

elerated expansion of the universe is widelydis
ussed by modi�ed theories of gravity su
h as thef(R) gravity, f(T ) gravity (T is the torsion), modi-�ed Gauss-Bonnet gravity, f(R; T ) gravity (T is tra
eof the energy�momentum tensor), s
alar-tensor theo-ries, et
. The f(R) gravity is the simplest modi�
ationof general relativity, where the Ri

i s
alar R is re-*E-mail: msharif.math�pu.edu.pk**E-mail: iqranawazish07�gmail.
om

pla
ed by an arbitrary fun
tion f(R). The �eld equa-tions of f(R) gravity are fourth-order nonlinear par-tial di�erential equations whose exa
t solution 
an befound via the Noether symmetry approa
h. Di�erentauthors [5℄ elaborate a 
omprehensive review of f(R)gravity. Starobinsky [6℄ dis
ussed the stability 
riteriaof some f(R) models.Observations of the CMBR and experimental datasu
h as WMAP and Plan
k satellites indi
ate that thepresent universe is isotropi
 and largely homogeneous.This stage of the universe is des
ribed by the FRWmodel, whi
h ignores all stru
ture of the universe andobserved anisotropy in the CMB temperature. How-ever, the early stages of the universe are found tobe spatially homogeneous as well as anisotropi
. Theanisotropy is still found in the present universe as theCMB temperature and to dis
uss this anisotropy, we
onsider the simplest anisotropi
 model, i. e., Bian
hitype 
osmologi
al homogeneous models. These mo-dels des
ribe the anisotropy e�e
t in the early universeon present-day observations. Many authors have dis-
ussed these models from di�erent standpoints. Akarsuand Kilin
 [7℄ explored the Bian
hi type I (BI) modelwhi
h yields de Sitter volumetri
 expansion due to a
onstant e�e
tive energy density for anisotropi
 �uidalong with an anisotropi
 equation of state (EoS) pa-rameter. Yadav and Saha [8℄ investigated a lo
ally rota-tionally symmetri
 (LRS) BI anisotropi
 
osmologi
almodel with dominan
e of dark energy for the 
onditionA = Bm. They found that the anisotropi
 distribution57



M. Sharif, I. Nawazish ÆÝÒÔ, òîì 147, âûï. 1, 2015of dark energy leads to the present a

elerated expan-sion of the universe.The symmetry approximation is extensively used tostudy exa
t solutions under di�erent s
enarios, whi
hare then used to dis
uss 
osmi
 aspe
ts. Sharif andWaheed studied the Bardeen model [9℄ and stringy
harged bla
k holes [10℄ via approximate symmetry.The same authors [11℄ introdu
ed 
urvature 
orre
tionterms in a s
alar�tensor theory to explore Noether sym-metries for FRW and LRS BI universe models. Aslamet al. [12℄ found maximum Noether symmetries for theBI universe in f(T ) gravity. Ku
ukak
a [13℄ formu-lated exa
t solutions for a �at FRW universe in thes
alar�tensor theory nonminimally 
oupled to torsions
alar via Noether symmetry. Aslam et al. [14℄ inves-tigated Noether gauge symmetry in f(T ) gravity min-imally 
oupled to a s
alar �eld. Jamil et al. [15℄ ex-plored Noether gauge symmetry in the Saez Ballesters
alar�tensor theory for the BI model. Ku
ukak
a etal. [16℄ found exa
t solutions by using the Noethersymmetry approa
h for the LRS BI universe.Many authors explored Noether symmetry in f(R)gravity. Capozziello et al. [17℄ investigated some ex-a
t spheri
ally symmetri
 solutions with the help ofNoether symmetry in f(R) gravity. Vakili [18℄ studiedNoether symmetry for a �at FRW universe and dis-
ussed the e�e
tive EoS parameter for the quintessen
ephase. Jamil et al. [19℄ found Noether symmetry of theta
hyon model for a �at FRW metri
 and dis
ussed
osmi
 evolution via a power-law model. Hussain etal. [20℄ explored Noether gauge symmetry for a �atFRW spa
etime whi
h yields zero gauge term. Theyalso 
he
ked the stability 
riteria for the power-lawf(R) model. Shamir et al. [21℄ 
al
ulated a nonva-nishing gauge term for the same model and also dis-
ussed Noether gauge symmetry for the stati
 spheri-
ally symmetri
 model. Ku
ukak
a and Cam
i [22℄ ex-plored Noether gauge symmetry for the FRW universein the Palatini f(R) gravity.In this paper, we explore Noether and Noethergauge symmetries for an LRS BI universe model inf(R) gravity. We dis
uss some 
osmologi
al parame-ters to elaborate a

elerated expansion of the universe.The paper is organized as follows. In Se
. 2, we pro-vide a general formalism of Noether and Noether gaugesymmetries and �eld equations of f(R) gravity. Se
-tion 3 is devoted to exa
t solutions, the Noether sym-metry generator and 
orresponding 
onserved quanti-ties, while Se
. 4 formulates symmetry generator viaNoether gauge symmetry. In the last se
tion, we sum-marize the results.

2. NOETHER SYMMETRY AND f(R)GRAVITYIn this se
tion, we brie�y dis
uss Noether andNoether gauge symmetry and f(R) �eld equations forthe LRS BI universe model. Noether symmetry is ob-tained when a Lie derivative of the Lagrangian vani-shes, while Noether gauge symmetry is its generalizedform with a nonzero gauge term. The Noether theo-rem des
ribes a strong 
onne
tion between symmetriesand 
onservation laws. We 
onsider a point transfor-mation that depends on an in�nitesimal parameter �,i. e., Qi = Qi(qj ; �) and generates a one-parameter Liegroup. The ve
tor �eldX = �i(qi) ��qi + � ddt (�i(qi))� �� _qi ;is referred to as Noether symmetry if the Lagrangianremains invariant, i. e., LXL = 0. For Noether gaugesymmetry, the ve
tor �eld is de�ned asX = �(t; qi) ��t + 
j(t; qi) ��qj ;where �, �i, and 
j are unknown fun
tions and the dotrepresents the time derivative. This �eld yields Noethergauge symmetry if the Lagrangian satis�es the equationX [1℄L+ (D�)L = DG(t; qi):Here, G(t; qi) represents the gauge term, D andX [1℄ arethe total derivative operator and the �rst-order prolon-gation given by D = ��t + _qi ��qi ;X [1℄ = X + (
j ;t+
j ;i _qi � �;t _qj � �;i _qi _qj) �� _qi :The 
onserved quantity 
orresponding to X is de�nedas I = G� �L � (
j � _qj�) �L� _qj :For Noether symmetry, the gauge term vanishes andthe 
onserved quantity takes the formI = �
j �L� _qj :For a dynami
al system, the Euler�Lagrange equationand the asso
iated energy fun
tion are de�ned as�L�qi � ddt � �L� _qi� = 0; Xi _qi �L� _qi �L = EL:58
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t anisotropi
 solutions : : :The a
tion of f(R) gravity is given byA = 12� Z d4xp�g(f(R) + Lm(g�� ;  )); (1)where f is an arbitrary di�erentiable fun
tion of thes
alar 
urvature and Lm is the matter Lagrangian. Us-ing metri
 variation of this a
tion, we obtain the 
or-responding �eld equations asfRR�� � 12fg�� �r�r�fR + g���fR = �T�� : (2)Here, fR = df=dR, r� represents the 
ovariant deriva-tive, and � = r�r�. In terms of the Einstein tensor,Eq. (2) takes the formG�� = �fR (T�� + T (D)�� ); (3)where the e�e
tive stress�energy tensor isT (D)�� = 1� �f�RfR2 g��+r�r�fR��fRg��� : (4)This 
ontains su
h ingredients that are required to dealwith a

elerated expansion of the universe, referred toas dark sour
e terms.The LRS BI universe model is given asds2 = dt2 �A2(t) dx2 �B2(t)(dy2 + dz2); (5)where the s
ale fa
tors A and B are fun
tions of time.In order to 
al
ulate the Lagrangian, we 
an write thea
tion asA = Z [AB2f � �(R� �R) + Lm℄dt; (6)where the dynami
al 
onstraint �R, the Lagrangian mul-tiplier �, and the matter part of the Lagrangian Lm(taking perfe
t �uid in a matter-dominated universe)are �R = � 2AB2 ( �AB2+2AB �B+2B _A _B+A _B2); (7)� = AB2f 0; Lm = �0(AB2)�1: (8)The Lagrangian 
orresponding to the a
tion be
omesL(A;B;R; _A; _B; _R) = AB2(f �Rf 0)+4B _A _Bf 0++2A _B2f 0+2B2 _A _Rf 00+4AB _B _Rf 00+�0(AB2)�1; (9)where the prime represents the derivative with respe
tto R.

3. EXACT SOLUTIONS AND CONSERVEDQUANTITIESHere, we attempt to �nd exa
t solutions throughNoether symmetry and the 
orresponding 
onservedquantities. We also 
he
k the behavior of some 
os-mologi
al parameters for the resulting model to studythe a

elerated expansion of the universe. We assumeA = Bm, m 6= 0; 1, whi
h is obtained from the 
on-stant ratio of shear and expansion s
alars [23℄. Withthis 
ondition, Lagrangian (9) takes the formL(B;R; _B; _R) = Bm+2(f�Rf 0)+2(2m+1)Bm _B2f 0++ 2(m+ 2)Bm+1 _B _Rf 00 + �0: (10)The 
orresponding ve
tor �eld for Noether symmetryis X = � ��B + � ��R + _� �� _B + _� �� _R; (11)where � and � are unknown fun
tions that depend onthe 
anoni
al variables B and R. The derivatives ofthese unknowns with respe
t to time are_� = _B ���B + _R ���R; _� = _B ���B + _R ���R: (12)Using Eqs. (10)�(12) in the 
ondition for the existen
eof symmetry (LXL = 0), we obtain the set of equations2(m+ 2)Bm+1f 00�;R = 0; (13)(m+ 2)Bm+1(f �Rf 0)� �Bm+2Rf 00� = 0; (14)m(2m+ 1)Bm�1f 0� + (2m+ 1)Bmf 00� ++ 2(2m+ 1)Bmf 0�;B +(m+ 2)Bm+1f 00�;B = 0; (15)(m+ 1)(m+ 2)Bmf 00� + (m+ 2)Bm+1f 000� ++ 2(2m+ 1)Bmf 0�;R +(m+ 2)Bm+1f 00�;B ++ (m+ 2)Bm+1f 00�;R = 0: (16)Equation (13) implies that either f 00 = 0 with �;R 6= 0or vi
e versa. The �rst 
ase leads to a trivial solution.Thus, we 
onsider f 00 6= 0 and �;R = 0 and 
hoose thepower-law f(R) model, i. e., f(R) = f0Rn (n 6= 0; 1),where f0 and n are 
onstants. Inserting this model inEqs. (13)�(16), we have2n(m+ 2)(n� 1)Bm+1Rn�2�;R = 0; (17)(m+ 2)Bm+1� + nBm+2R�1� = 0; (18)59



M. Sharif, I. Nawazish ÆÝÒÔ, òîì 147, âûï. 1, 2015m(2m+ 1)Bm�1� + (n� 1)(2m+ 1)BmR�1� ++ 2(2m+ 1)Bm�;B ++ (n� 1)(m+ 2)Bm+1R�1�;B = 0; (19)(n� 1)(m+ 1)(m+ 2)BmR�1� ++ (n� 1)(n� 2)(m+ 2)Bm+1R�2� ++ 2(2m+1)Bm�;R +(n�1)(m+2)Bm+1R�1�;B ++ (m+ 2)(n� 1)Bm+1R�1�;R = 0: (20)We solve this system of equations by assuming a po-wer-law form of (�; �) and separation of variables.3.1. Power-law formWe 
onsider unknowns in a power-law form as� = Æ0BÆ1RÆ2 ; � = �0B�1R�2 ;where the powers Æ1, Æ2, �1 and �2 are arbitrary 
on-stants. Inserting these values in Eqs. (17)�(20), we ob-tain � = Æ0B n(n�2)�p3n�2n2n(n�1) ;� = �Æ0 n�p3n� 2n2n(n� 1) !B n�p3n�2n2n(n�1) R; (21)where n 2 [1:1; 1:5℄. The 
orresponding Lagrangianand symmetry generator be
omeL = �(n� 1)B n�p3n�2n2n(n�1) Rn ++ 2n(2m+ 1)B 2�n�p3n�2n2n�1 _B2Rn�1 ++ 2n(n� 1)(m+ 2)B 1�p3n�2n2n�1 Rn�2 _B _R + �0;X == Æ0 B n(n�2)�p3n�2n2n(n�1) ��B� n�p3n� 2n2n(n� 1) ! �� B n�p3n�2n2n(n�1) R ��R! :The 
onserved quantity asso
iated to this symmetrygenerator isI = Æ0 �4n(2m+1)Bm(n�1)+n(n�2)�p3n�2n2n(n�1) Rn�1 _B ++ 2n(n� 1)(m+ 2)�� Rn�2�B (m+1)(n�1)+n(n�2)�p3n�2n2n(n�1) _R ++ B (m+1)(n�1)+n�p3n�2n2n(n�1) _B�� :

3.2. Separation of variablesIn this approa
h, we 
onsider fun
tions in the form� = �1(B)�2(R); � = �1(B)�2(R);where �1, �2, �1, and �2 are unknown fun
tions to bedetermined. Using these unknowns in Eqs. (17)�(20),we obtain� = �0B1�m+2n ; � = ��0�m+ 2n �B�m+2n R; (22)where �0 is an integration 
onstant. It is found that theabove solutions are satis�ed for the 
onstraintm = �1,whi
h gives � = �0B�1; � = �2�0B�2R: (23)Thus, the 
orresponding Lagrangian (10) and symme-try generator (11) be
omeL = BR 122 f0�(BR 12 )�1 _B2f0�R� 322 _B _Rf0+�0;X = �0 �B�1 ��B � 2B�2R ��R� : (24)The 
orresponding 
onserved quantity is given byI = �0(B2R1=2)�1 _B: (25)We see that the symmetry generator and the 
orre-sponding 
onserved quantity obtained by the power-lawapproa
h are more 
ompli
ated than the separation ofvariables te
hnique. Thus, we pro
eed with the exa
tsolution with the symmetry generator found throughseparation of variables.We introdu
e 
y
li
 variables to solve the �eld equa-tions. The existen
e of a Noether symmetry generatorensures the presen
e of 
y
li
 variables, whi
h are foundby using a point transformation, ': (B;R) ! (u; z)su
h that 'Xdu = 0 and 'Xdz = 1. We 
onsider zto be a 
y
li
 variable; the 
orresponding Lagrangianbe
omes independent of this variable. Using this trans-formation, the 
omplexity of the system is redu
ed byu = B2R; z = a12 B2; (26)where a1 is an arbitrary 
onstant. The 
orrespondinginverse transformation isR = u2a1z ; B = (2a1z)1=2: (27)Using Eq. (27) in Lagrangian (10), we haveL = 12 �u1=2 � u�3=2 _u _z2 � f0 + �0: (28)60



ÆÝÒÔ, òîì 147, âûï. 1, 2015 Some exa
t anisotropi
 solutions : : :The Euler�Lagrange equations take the formm _B2B2 + 2 �BB = 2(m+ 2)(2m+ 1)f 0 �� f�Rf 02 �2(2m+1) _B _Rf 00B � �Rf 00� _R2f 000! ; (29)Rf 00+2(m2+m+2) _B2B2 f 00+2(m+2) �BBf 00 = 0: (30)The asso
iated energy fun
tion is_B2B2 = 12f 0(2m+ 1) �� f �Rf 0 � 2(m+ 2) _B _RB f 00 + �0! : (31)We obtain the pressure and energy density fromEqs. (29) and (31) asp = 2(m+ 2)(2m+ 1)f 0 �� f�Rf 02 � �Rf 00� _R2f 000�2(2m+1) _B _Rf 00B ! ; (32)� = 1(2m+ 1)f 0 �� f �Rf 02 � (m+ 2) _B _Rf 00B + �02 ! : (33)In terms of 
y
li
 variables, it follows thatu+�z = 0; _u = 4
0f0 u3=2; 4�0f0 u3=2�2u2 = _u _z: (34)Solving these equations, we obtainu = �(b1t+ b2)�2;z = ln(b1t+ b2)�1=b21 + b3t+ b4; (35)where b1 = 4
1=f0, b2 = 
2=2, b3, and b4 are integration
onstants. Finally, inserting these values in Eq. (27),we obtainB = (ln(b1t+ b2)�1=b21 + b3t+ b4)1=2; (36)A = B�1 = (fln(b1t+b2)�1=b21+b3t+b4g�1)�1=2; (37)R = �(b1t+ b2)�2fln(b1t+b2)�1=b21+b3t+b4g�1: (38)Now, we dis
uss some 
osmologi
al parameters, i. e.,the Hubble, de
eleration and EoS parameters for thismodel. The Hubble parameter is given by

H = 13  _AA + 2 _BB ! :Using Eqs. (36) and (37), we obtainH = 16(b3 � (b1(b1t+ b2))�1)�� fln(b1t+ b2)�1=b21 + b3t+ b4g�1: (39)The de
eleration parameter q is an important fa
tor in
osmology be
ause it measures 
osmi
 a

eleration ofthe expanding universe. The positive sign of this pa-rameter 
orresponds to de
eleration, whereas negativebehavior indi
ates the a

elerated expansion, but q = 0des
ribes expansion with a 
onstant velo
ity. The de-
eleration parameter q = � _H=H2 � 1 takes the formq = �6fln(b1t+ b2)�1=b21 + b3t+ b4g�1 �� [f(b1t+ b2)(b3 � (b1(b1t+ b2))�1)g�2 �� (ln(b1t+ b2)�1=b21 + b3t+ b4)�1℄� 1: (40)The EoS parameter (! = p=�) is used to distinguishdi�erent phases of the universe and further divides theDE phase into di�erent eras. The DE phase is di-vided by the quintessen
e era for �1 < ! � �1=3,whereas ! = �1 and ! < �1 
orrespond to the 
osmo-logi
al 
onstant and phantom eras, respe
tively. WithEqs. (32) and (33), the EoS parameter be
omes! = R3 + �RR� 2B�1R _B _R� 3=2 _R2R3 + 3B�1R _B _R+R4�0=2f0 :With Eqs. (36) and (38) used in above equation, it takesthe form! = d0 �d�10 (b1t+ b2)2 + 12f2b1(b1 + b2)�1 ++ d�10 (b3 � (b1(b1t+ b2))�1)g2 ++ f(b1t+ b2)�2(d�10 � 2b21)�� d�20 (b3 � (b1(b1t+ b2))�1)2g �� d�10 (b3 � (b1(b1t+ b2))�1)f2b1(b1 + b2)�1 ++ d�10 (�(b1(b1t+ b2) ++ b3)�1)g��(b1t+ b2)�2 ++ 32(b3 � (b1(b1t+ b2))�1)f2b1(b1 + b2)�1 ++ d�10 (b3 � (b1(b1t+ b2))�1)g++ �02f0 d�10 (b1t+ b2)�4��1 ; (41)where d0 = fln(b1t+ b2)�1=b21 + b3t+ b4g.61
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ÆÝÒÔ, òîì 147, âûï. 1, 2015 Some exa
t anisotropi
 solutions : : :We de�ne the ve
tor �eld asX = � ��A + � ��B + � ��R + _� �� _A ++ _� �� _B + _R �� _R; (42)where �, � and � are unknown fun
tions depending onA, B, and R. The derivatives of these fun
tions arede�ned as_� = _A ���A+ _B ���B+ _R ���R; _� = _A ���A+ _B ���B+ _R ���R;_� = _A ���A + _B ���B + _R ���R:The symmetry existen
e 
ondition for Lagrangian (9)yields 2f 0�;A+Bf 00�;A = 0; (43)Bf 00�;R +2Af 00�;R = 0; (44)(B2�+ 2AB�)(f �Rf 0)�AB2R� = 0; (45)f 0�+Af 00� + 2Bf 0�;B ++ 2Af 0�;B +2ABf 00�;B = 0; (46)2f 0� + 2Bf 00� + 2Bf 0�;A +2Af 0�;A +2Bf 0�;B ++ 2ABf 00�;A +B2f 00�;B = 0; (47)2f 00� +Bf 000� +Bf 00�;A ++ 2Af 00�;A +2f 0�;R +Bf 00�;R = 0; (48)2Bf 00�+2Af 00�+2ABf 000�+B2f 00�;B +2Bf 0�;R ++ 2ABf 00�;B +2Af 0�;R +2ABf 00�;R = 0: (49)To solve this system of equations, we 
onsider the samepower-law f(R) model for separation of variables asin the pre
eding 
ase, whi
h leads to n = 1. Thus,we pro
eed further using the power-law te
hnique withunknowns in the form� = �0A�1B�2R�3 ; � = �0A�1B�2R�3 ;� = �0A�1B�2R�3 :Substituting these values in the above equations, weobtain � = �2�0A; � = �0B; � = 0: (50)The symmetry generator be
omesX = �2�0A ��A + �0B ��B ;whi
h 
orresponds to s
aling symmetry. The 
orre-sponding 
onserved quantity isI = �0(4nABRn�1 _B � 4nB2Rn�1 _A):

4. NOETHER GAUGE SYMMETRYIn this se
tion, we explore Noether gauge symmetryfor A = Bm. For this symmetry, we de�ne the ve
tor�eld asY = �(t; B;R) ��t + �(t; B;R) ��B ++  (t; B;R) ��R; (51)where � , � and  are unknown fun
tions to be deter-mined. The �rst-order prolongation of this ve
tor �eldis given byY [1℄ = � ��t + � ��B +  ��R + _� �� _B + _ �� _R; (52)where_� = ���t+ _B ���B+ _R ���R� _B���t� _B2 ���B� _B _R ���R; (53)_ = � �t + _B � �B+ _R� �R� _R���t� _R2 ���R� _B _R ���B : (54)This ve
tor �eld yields a Noether gauge symmetry ifthe 
orresponding Lagrangian satis�es the 
onditionY [1℄L+(D�)L = DG; D = ��t+ _B ��B+ _R ��R: (55)The 
orresponding 
onserved quantity takes the formI = G� �L � (� � _B�) �L� _B � ( � _R�)�L� _R: (56)Using Eqs. (51)�(54) in (55) for Lagrangian (10), weobtain �;B = 0; (57)�;R = 0; (58)2(m+ 2)Bm+1f 00�;R = 0; (59)2(m+ 2)Bm+1f 00�;t= G;R ; (60)4(2m+1)Bmf 0�;t+2(m+2)Bm+1f 00 ;t= G;B ; (61)(2m+ 1)mBm�1f 0�+ (2m+ 1)Bmf 00 ++ 2(2m+ 1)Bmf 0�;B +(m+ 2)Bm+1f 00 ;B �� 2(2m+ 1)Bmf 0�;t= 0; (62)63



M. Sharif, I. Nawazish ÆÝÒÔ, òîì 147, âûï. 1, 2015(m+ 1)(m+ 2)Bmf 00�+ (m+ 2)Bm+1f 000 ++ (m+ 2)Bm+1f 00�;B +2(2m+ 1)Bmf 0�;R �� (m+ 2)Bm+1f 00�;t+(m+ 2)Bmf 00 ;R = 0; (63)(f �Rf 0)f(m+ 2)Bm+1�+Bm+2�;t g ��Bm+2Rf 00 + �;t �0 = G;t : (64)For a nontrivial solution, we 
hoose the power-law formas f = f0R3=2 and solve the above system by the sep-aration of variables approa
h, i. e.,� = �0�1(t)�2(B)�3(R); � = �0�1(t)�2(B)�3(R); =  0 1(t) 2(B) 3(R);where �0, �0, and  0 are arbitrary 
onstants while �i,�i, and  i are unknown fun
tions to be found. Also,we assume that _�3 = 0, whi
h yields � = 
3. Thus, weobtain � = 
3;� = B�1 
5 
osr2R3 t� 
6 sinr2R3 t! 
4; (65) = 2RB�2 
5 
osr2R3 t� 
6 sinr2R3 t! 
4; (66)G = �p6B�1R 
5 
osr2R3 t ++ 
6 sinr2R3 t! 
4 � 
7; (67)where 
k, (k = 3; 4; 5; 6; 7) are integration 
onstants.These solutions satisfy Eqs. (57)�(64) withsinr2R3 t = �
6
5 
osr2R3 t:With this 
ondition, it follows that� = 
3; G = �
7; � = 
8B�1 
osr2R3 t; = 2
8B�2R 
osr2R3 t;where 
8 is a rede�ned 
onstant. The 
orrespondingsymmetry generator isY = 
4 ��t ++
8 B�1 
osr2R3 t ��B + 2B�2R 
osr2R3 t ��R! ;

whi
h 
an be split into two generators asY1 = ��t; Y2 = B�1 
osr2R3 t+2B�2R 
osr2R3 t;where the �rst symmetry generator Y1 
orresponds toenergy 
onservation. The 
onserved quantities asso
i-ated to the ve
tor �eld areI1 = 12(BR3=2 � 6B�1R1=2 _B2 + 3 _B _RR�1=2);I2 = 3B�2R1=2 _B 
osr2R3 t�32B�1R�1=2 _R 
osr2R3 t:5. SUMMARYIn this paper, we have explored the LRS BI universemodel via Noether symmetry in f(R) gravity. Noethersymmetry is a powerful tool to �nd exa
t solutions ofnonlinear partial di�erential equations, symmetry gen-erators, and the 
orresponding 
onserved quantities.We have explored the power-law form and separationof variables to formulate the Noether symmetry gen-erators and the asso
iated 
onserved quantities by as-suming A = Bm. We have 
onsidered the power-lawf(R) model to avoid trivial solutions. The symmetrygenerators and the 
orresponding 
onserved quantitiesare obtained through both approa
hes but the sepa-ration of variables approa
h is simpler. We have alsoformulated Noether symmetry without assuming the
ondition A = Bm, whi
h leads to the s
aling symme-try.We have explored the behavior of some 
osmologi-
al parameters like the Hubble, de
eleration, and EoSparameters for this model. These parameters indi-
ate that the results 
orrespond to the a

elerated ex-pansion of the universe. The EoS parameter showsthe 
rossing of the phantom dividing line from thequintessen
e to phantom era, whi
h is 
onsistent withre
ent 
osmologi
al observations [24℄. We have also ex-plored Noether gauge symmetry by assuming the 
on-dition A = Bm and formulated a symmetry generatorasso
iated with the energy 
onservation for n = 3=2.Sharif and Shamir [25℄ have found two exa
t solutionsfor BI and Bian
hi type-V spa
etimes by using the vari-ational law of the Hubble parameter in f(R) gravity.They formulated solutions for a singular model with64
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t anisotropi
 solutions : : :power-law expansion and a nonsingular model with ex-ponential expansion. The de
eleration and Hubble pa-rameters are positive and in�nite for power-law expan-sion, respe
tively. For exponential expansion, the de-
eleration parameter is negative, whereas the Hubbleparameter is �nite for �nite values of t. We have foundone exa
t solution via the Noether symmetry approa
hfor the power-law f(R) model. The Hubble and de
el-eration parameters are �nite and negative, respe
tively.It would be interesting to examine the LRB BI universemodel for di�erent 
hoi
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