
MATHEMATICS



���������� ���������

���� �
���������������������������

�����
���� !"#$#%#&$'&"'(')*&+,'($-'#..+/%*(%#&$/0'1.!2!$%(*3',*&,!*%3'&"'(')*&+,0'14+#5(.!$%'
-!"#$#%#&$/'&"'(')*&+,0')!$!*(.#6!-'"&*2'&"'7//&8#(%#5!'9(:0';#$#%!')*&+,/'($-'%<!#*'%(=.!/0'
 !"#$#%#&$'&"'('>+=?*&+,'($-'#..+/%*(%#&$/0'9(?*($?!/'%<!&*!2'($-'#%/'(,,.#8(%#&$/@'

�����
�A� !"#$#%#&$'&"'('B!*2+%(%#&$'($-'#..+/%*(%#&$/0'C*($/,&/#%#&$/'($-'838.!0'-!"#$#%#&$'&"'('

D&*2(.'/+=?*&+,'($-'#..+/%*(%#&$/0'E+&%#!$%'?*&+,0' !"#$#%#&$'&"'($'#/&2&*,<#/2'&"'('?*&+,'($-'

#%/'#..+/%*(%#&$/@'

�����
�F�B*&,!*%#!/'&"'('838.!'?*&+,/0'G/&2&*,<#/2'&"'838.#8'?*&+,/0'>+=?*&+,'&"'('838.!'

?*&+,0')!$!*(%&*'&"'('838.!'?*&+,0' !"#$#%#&$'&"'('H&2&2&*,<#/2'($-'#%/'#..+/%*(%#&$/0'I!*$!.'&"'

H&2&2&*,<#/20'J(3.!3K/'C<!&*!20'G/&2&*,<#/2'&"'?*&+,0')*&+,/'&"'&*-!*'"&+*'($-'/#L@'

C<!'8&+*/!'#/'8&5!*!-'=3'%<!'M&&N'O'���������PQRSTUVWXUQRYZ[SWVP�\��]�������̂̂��_�
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#$B.C:<-+D)-E3.F/4-'+-G)-.;3.F/4-'+-

1$H-+(0*/(*3.)-.;3.F/4-'+-I).3<-./4'(F0-)-E'<54-+)3J)+3<-)-.C:<-+G)K#).F/4-'+-

7$=>?)4*,'+-)G)'4L'4*)5&3+5&'(-+))G)0-6-0+-)(0'.+/0*5('+-)G=>?)534:<-0'+-G)J30-*,.)=>?)G/43.*.,

6-/(30)G54'+<*;+)G)9'/(-0*35&',-)G)*.+-0(*3.)6-/(30)0-/3<9*.'.())6-/(30G)/3+<*;G)54'+<*;+G)/I=>?

/43.-)9'.L
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#$H-PF*0-<-.(+)3J)<34-/F4'0)9*343,:)4'930'(30:

1$N-.-)/43.*.,)*.)503L'0:3(-+D)*+34'(*3.)3J)=>?)(3)9-)/43.-;D)*.+-0(*3.)3J)=>?)J0',<-.(+)*.)(3

6-/(30D)F+-)3J)0-+(0*/(*3.)4*.L-0+I)F+-)3J)&3<3)534:<-0)('*4-+)G)(0'.+J-0))3J)0-/3<9*.'.()=>?)*.

(3)9'/(-0*'4)/-44+$

7$Q343.:)&:90*;*C'(*3.)(-/&.*PF-D)R<<F.343,*/'4)(-+(

M$Q43.*.,)*.)-FL'0:3(-+)*.)54'.()/-44G):-'+(G)J*4'<-.(3F+)JF.,*G)?,039'/(-0*F<)54'+<*;I)54'.()/-44

(0'.+J30<'(*3.)9:)F4(0'+3.*/'(*3.I4*53+3<-)<-;*'(-;I),-.-)(0'.+J-0

�$?.*<'4)/-44)'.;)'.*<'4)6*0F+-+

S$B4-/(03530'(*3.I)5'0(*/4-)93<9'0;<-.(

T$8*/03*.U-/(*3.I);*6-0()(0'.+J30<'(*3.I)+*(-);*0-/(-;)<F(',-.-+*+
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#$?,0*/F4(F0-)'.;)-.6*03.<-.('4)'554*/'(*3.+

'$R.)<-;*/'4)'554*/'(*3.+

9$R.)*.;F+(0*'4)'554*/'(*3.+
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#$X-E(933L)3J)Y*3(-/&.343,:)9:)H$)Q$)=F9-:G)ZF94*+&-0)[)K$)Q&'.;G)'.;)Q3$

1$\F.;'<-.('4+)3J)834-/F4'0)Y*343,:)1]]̂G)X'0,'.(*)_$)Z'4G)K'03U)K$

7$834-/F4'0)Q-44)Y*343,:)�(&)-;*(*3.)9:)̀3;*+&G)Y-0LG)8'(+F;'4*'
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? KMAÎLDCHMKFBLIECFDKFBFOgLDFĴFHĴLEAHKyz{|}~�~�{|�
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>? ĜDCEKECDLDMJGH?JQ??̀Ne?HKCPDEL??
@MBKFC?JEYLGMP?BJFCPOFC?HOPX?LH?k?
abf?gDXAF?REJBM_C?aTf?gDXLGJF?aWf?jPCDLF_CXA_C?alf?bVbVTimEA?REJBJ?CDXLGC???
anf?gDXAF?LPCDLDC?aof?mJFOCGC?apf?jPCDJKXCGJGC?aqf?̂HJ?KEJKAFC?rCGsCGC???atf?
jPCDMP?LPM_?abuf?̀XCGMDJF????

?

��;<&7�;;;�&�5���7�v������������������������������� ������������������������������������������

>?SJGHDEOPDMJG?JQ?DMDELDMJG?POEUCH?
>?wCLHMRMFMDA?JQ?DMDELDMJG?JQ?KJFA?KEJDMP?LPM_?
>?jGLFAHMH?JQ?BMxDOEC?JQ?LPM_?I?RLHC?
>?ZMQQCECGDMLF?DMDELDMJG??JQ?LFyLFMH?
>?zELG[H?KFJD??
>?rOQQCEH?V?ROQQCE?FCUCF?V?ROQQCE?ELGYC?I?ROQQCE?PLKLPMDA?

?
$�{{������v��|�&�}���������3����
�����~�

b�?SXCBMPLF?LKKFMPLDMJG?JQ?YEJOK?DXCJEA?RA?w�j�SJDDJG?

T�?SXCBMPLF?RJG_MGY?LG_?MGDEJ_OPDMJG?RA?��S�̀LDCFV?e�Z�̀LDCF?LG_?eLULF?

W�?jKKFMPLDMJG?JQ?YEJOK?DXCJEA?DJ?PXCBMHDEA?RA?rXLDDLPXLEAL?



� �������

���������	
 �

���
������������������������������������������������  !"#$%&'()*+
,
�-�.�������/�0�������������������/��/��1�2��3���/��
4
�5�����6�����6����/���6����/��/6�����7
8�����

9
���0���������������:/�
�;�����
<
<=3���>�?��
@
����0�?�A�6//��

B
��6����/��/6��/�0������/�6/=����:C��������/�����@
�
3�����

D
���0������������������</����/������5/���

;E
��6����/�������������������/��/��/�0������/�6/=����C:��������/�����

���.�������?�5�����������</�����
�

;;
�-66������/��/�����/�6��/���6����/��/6��/��/�0������/�6/=��������/���

7
�F����

;G
��6����/��/6�������/�����/�0���������������:��������/�����F=�����H
�

2��������1��

�������C���I�����0�

;J
�@������������/����/����������7=K�������
�F��0/�

;�
���0������6����/��/6�����2��������1�A��6�

;,
���0������6����/��/6�����:
7
F����

;4
�L=�������.��-��������7
-
F���1�-
M
N����K//��

;9
�-����������8���������O
F
�8���������

;B
�I=�����������/��-����������8���������F
-
�3//0?�F
<
�2����1�

I
�
H/�����

;D
�@�����6�����/��-����������8����������
H
�A�������

GE
�-����������8���������P�@�����6����1�Q�����R=���M
O
H��0���

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
+



� �������

���������	
 �

��
�������������������������������������� �!�����

"#�$�#�%��
������

� � � � $�
������&�'(( ( ( )*+,-./0(12�

$���������3����

!�4���&�$5�%��6�787�9�

�
�
��:;�&<�:�&������������������������������������������������

=>?@ABCDEFAGC@>

=>HI@AJKAGF>LIKM>

=>NJBCOCPJCBKMQ>NJBCOCRK@MQ>STCFJBCOMQ>UVAJCFJBCOGF>MJGKWAQ>

XIPMCFJBCOGF>MJGKWA>

=>LGWWKBK@FK>YKAZKK@>LIKM>V@D>[GROK@AM>

=>N\VMMGWGFVAGC@>CW>LIKM>

]> F̂FCBDG@R>AC>FC@MAGAEAGC@>

]> F̂FCBDG@R>AC>OKAJCD>CW>FC\CBG@R>AJK>WGYBKM>

=>SPAGFV\>UBGRJA@KBM>

>

>

��:;�&<�::�&�$�����������������������������������������������������������������

=>NC@RC>_KD>

=> C̀MG@>

=> \̂GaVBG@>>

=>NBIMAV\>bGC\KA>

=>?@DGRC>>

=>HKWBC@G@K>cd>

=>eKAJI\K@K>U\EK>

=> B̀KCFJBCO>U\VFf>cd>

=>_JCDVOG@K>>

=>_CMV@G\G@>

>

g�h��������"��i��&�

jk>HI@AJKAGF>LIKM>YI>lK@fVABVOV@V@>>

mk>HI@AJKAGF>LIKM>YI>nk_kNJVAZV\>

ok>HI@AJKAGF>LIKM>V@D>LBERM>YI>Sk[k̂RBVZV\>

pk>>HI@AJKAGF>LIKM>YI>Sk>Lk>dIVRG>q>ek>rVDVb>

sk>HV@MJ\KMGA>_V@RVfCQ>nBV@AJ>tGBOV@>UCVBD>>



� �������

���������	
 �

�

�
���������������������������������
� ���!�"�����

#$�%�$�&�
�� ����

� � � %
�
 �
��'�()) ) *+,-./01)23�

4�5 !�6�� �����7�8
 ��

"�9
��'�%:�&��;�<=<�#�

�
�
��>?'@�>�'�4�5 !�6�� !�����7�8
 ����������������������������������������������

A�BCDEFGHIDJFC�

A�KJLDJCIDJFC�MNDONNC�FJPL�QCG�RQDL�SEFSNEDJNL��

A�TPQLLJRJIQDJFC���

A�UNVNDQMPN�FJPL�

A�WQCHRQIDHEN�FR�IFDDFC�LNNG�FJP�MX�NYSENLLJFC�QCG�LFPZNCD�NYDEQIDJFC�

A�WQCHRQIDHEN�FR�LFXMNQC�FJP�MX�LFPZNCD�NYDEQIDJFC�

A�[NRJCJCV�FR�IEHGN�ZNVNDQMPN�FJPL�

A�\F]N�FD̂NE�ZNVNDQMPN�FJPL�

A�_CJ]QP�FJPL̀�QCJ]QP�RQDL�QCG�FJPL�

A�aEFINLLJCV�FR�QCJ]QP�RQDL�QCG�FJPL�

A�WJCNEQP�FJPL�

A�KJRRNENCIN�MNDONNC�QCJ]QP̀�ZNVNDQMPN�QCG�]JCNEQP�FJPL�

A�bLLNCDJQP�FJPL�

A�BLFPQDJFC�QCG�HLNL�FR�NLLNCDJQP�FJPL�

A�cQYNL�

A�TPQLLJRJIQDJFC�FR�OQYNL�

A�aEFSNEDJNL�FR�OQYNL�

A�\F]N�IF]]FC�OQYNL�

A�dHQPJDQDJZN�LFPHMJPJDX�FR�OQYNL�

�
��>?'@�>>�'�e��5� � ��f�4�5 !�6�� �����7�8
 ����������������������������������������������

A�\QSFCJRJIQDJFC�ZQPHN�

A�bLDNE�ZQPHN�

A�_IJG�ZQPHN�

A�BFGJCN�ZQPHNgOJhL�]ND̂FGL�
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//////////O+,-8.R/56-741897P/

//////O3P//F44-=W4/E9R/408/8</<8228019Q///OX64/8</4,.--P//////////////////////////////////////////////////SY/UE.V7/
///////////O+,-8.R4RW-/

�FWW21CE4189Z[\E=W2-Z].832-=P/

//////OC/P//F44-=W4/E9R/4,.--/OX64/8</<1̂-P////////////////////// / / / ///SY/UE.V7/
//////////OB,8.4/E970-./8./83_-C41̂-/4RW-/56-741897P//

/

/̀///OEP/F970-./4,-/<8228019Q/OF9R/408/864/8</4,.--P////////////////////////////////////////////////////ST/UE.V7//
//////////O+,-8.R/56-741897P/

//////O3P//F44-=W4/E9R/408/8</<8228019Q///OX64/8</4,.--P//////////////////////////////////////////////////SY/UE.V7/
///////////O+,-8.R4RW-/

�FWW21CE4189Z[\E=W2-Z].832-=P/

//////OC/P//F44-=W4/E9R/4,.--/OX64/8</<1̂-P////////////////////// / / / ///SY/UE.V7/
//////////OB,8.4/E970-./8./83_-C41̂-/4RW-/56-741897P//

/

a/////F970-./4,-/<8228019Q/OF9R/4-9/864/8</40-2̂-P//////////////////////////////////////////////////////NS/UE.V7/

///////OU:b:c:/+RW-/

/83_-C41̂-/4RW-P///

�
�
�
�
�
�
�
�
�
�



��
�

�������	
����
����

�������
��������
������������
��������

�
������������������
��
�	���������
� �

�������
���	�!"�������
�������#�$�#% �
&

����'

�(�����
������
��

���
���)�

���
�
���������������

*+,-,./011.2,.345-.65,780497:.;0-78.8+-,,.65,780497.<-,.43.=>.?<-@7.,<A+.<9B.34-8+.65,78049.
07.43.C>.?<-@7:.;0-78.65,78049./011.2,.3-4?.D908.E.FG.H,A49B.65,78049.3-4?.D908EFFG.*+0-B.65,78049.
3-4?.D908EFFFG.;4-8+.65,78049./011.2,.3-4?.<11.8+-,,.D9087:.I11.8+,.65,780497.<-,.B,8<01,B.<7.59B,-:.

J���K�L�
��� � � � � � � � ��������J
��)�M�
N�K�OP�

C...Q<R.I97/,-.8+,.34114/09S.QI9T.8/4.458.43.8+-,,R.....................................................C=.U<-@7..
..........Q*+,4-T.65,780497R.
.....Q2R..I88,?V8.<9T.345-.QW58.43.30X,R..........................................................................>Y.U<-@7.
...........QH+4-8.<97/,-Z.42[,A80X,Z.U\].8TV,.65,780497R.....................................
....QA.R..I88,?V8.<9T.49,.QW58.43.8/4R.. . . . . . ..>Y..U<-@7. .
...........QIVV10A<8049Ẑ_<?V1,Z̀-421,?R.
.
=...Q<R.I97/,-.8+,.34114/09S.QI9T.8/4.458.43.8+-,,R....................................................C=.U<-@7..
..........Q*+,4-T.65,780497R.
.....Q2R..I88,?V8.<9T.345-.QW58.43.30X,R..........................................................................>Y.U<-@7.
...........QH+4-8.<97/,-Z.42[,A80X,Z.U\].8TV,.65,780497R.....................................
....QA.R..I88,?V8.<9T.49,.QW58.43.8/4R.. . . . . . ..>Y.U<-@7.
..........QIVV10A<8049Ẑ_<?V1,Z̀-421,?R.
.
a...Q<R.I97/,-.8+,.34114/09S.QI9T.8/4.458.43.8+-,,R....................................................C=.U<-@7..
..........Q*+,4-T.65,780497R.
.....Q2R..I88,?V8.<9T.345-...QW58.43.30X,R........................................................................>Y.U<-@7.
...........QH+4-8.<97/,-Z.42[,A80X,Z.U\].8TV,.65,780497R.....................................
....QA.R..I88,?V8.<9T.49,.QW58.43.8/4R.. . . . . . ...>Y.U<-@7.....
...........QIVV10A<8049Ẑ_<?V1,Z̀-421,?R.
.
Y...I97/,-.8+,.34114/09S.QI9T.30X,.458.43.̂0S+8R.........................................................C>.U<-@7.
.........QH+4-8.<97/,-.4-.42[,A80X,.8TV,.65,780497R..

........
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+

�

��&�����'(o��
�

)*+p.X01-23:.6357.q6[6r+[6\;62421/6352LbMIK+hLOKLcDPGM+FLDEGN+̀TPMSkÌTT+LaL+dPLcL�
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10-O:&;+/&=;J:-&.@:-;,2+>&<-:D0:+12:J&34456H78&B-;+JO:-J:&A./:J&34456K78&BU@:J&.<&L;J:-J8&

X0EEU&L;J:-J8&&Y:=20AIZ:.+&L;J:-8&34456M78&9@@=21;,2.+J&34454T75&

����#�
�[��� #�$&9&,:V,E..\&.<&]@,21J&EU&̂ -5Z5_0E-;?A;+U;A8&̀ -2a=;=&;+/&̂ -5S5Z5&

9O;/?;+0=08&_5&b?;+/&c&b.5&

���
����

d�e�f�����g��� ���[��g������� �����hg &36K56478&i.-A;,2.+&.<&<-2+>:J8&̂:,:-A2+;,2.+&.<&

G;O:=:+>,?8&S:;J0-:A:+,&.<&/2<<:-:+1:&2+&G;O:=:+>,?&36K56456&,.&6K5645F7&

�h�#��g ���#�g�#gj�$�N-2+12@=:8&:=:1,-.J,;,21&<.0J2+>8&A;>+:,21&<.0J2+>8&/:J1-2@,2.+8&0J:&.<&

:=:1,-.+&A21-.J1.@:5&3@;>:&4TH&,.&46F7�

����#���[��� #��$�

65&9&,:V,E..\&.<&]@,21J&EU&̂-5Z5_0E-;?A;+U;A8&̀-2a=;=&;+/&̂-5S5Z5&9O;/?;+0=08&_5&b?;+/&c&

b.5&3<.-&i&N7&

45&9,.A21&N?UJ21J&EU&k5̀5&X;a;A8&_5b?;+/cb.536RMT73<.-&C=:5&S21-.J1.@:7&
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*+,-./01,2.+&3&45.60,2.+&.7&8.-,-9+&:;&<=>=?3&@-2,2+A&9&B-.A-9C&<D>=?3&*+E0,&F,9,GCG+,&<D>D?3&

F.CG&8.-,-9+&:;&B-.A-9C&4H9CE6GI&<D>J?3&K.+I,9+,I&<J>=?3&F1969-&L9-29M6GI&<J>D?3&NG169-2+A&

L9-29M6G&+9CGI&<J>J?3&*CE6212,&NG169-9,2.+&<J>O?3&P9CG/&K.+I,9+,I&<J>Q?>&

���
����

R-2,SCG,21&TEG-9,.-I&9+/&U./GI&.7&4HE-GII2.+I&<O>=?3&*+,GAG-&4HE-GII2.+I&<O>D?3&VG96&

4HE-GII2.+I&<O>J?3&B-G1G/G+1G&.7&TEG-9,2.+I&2+&4HE-GII2.+I&<O>O?3&4H9CE6GI&.7&R-2,SCG,21&

4HE-GII2.+I&<O>Q?3&RII2A+CG+,&F,9,GCG+,I&<O>W?3&NG72+2+A&L9-29M6GI&<O>X?3&F.CG&B-.M6GCI&/0G&,.&

V.0+/2+A&.7&VG96&P0CMG-I&<O>Y?3&U2HG/&U./G&4HE-GII2.+I&<O>:?3&*+,-2+I21&80+1,2.+I&<O>=;?3&

4H9CE6GI&.7&0IG&.7&80+1,2.+I&<O>==?>&

����#�
�Z��� #�$&KTUB[\4V&BVT]VRUU*P]&*P&8TV\VRP&:;&RPN&:Q&M̂&L>&V9_9-9C9+&

<FGE,>̀D;;Y??&Ba*3&PGb&NG6S2>&
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)*+,-./0+1-*2&3451**1*5&-6&748-+4&94*:1*5&1*&)*.1;2&<1:+-,=2&>?40+,-8;5*4+10&4*4,5=2&@1:1A?4&

;*.&*-*BC1:1A?4&,;.1;+1-*2&>81::1-*&-6&>D&,;.1;+1-*2&E+8-:FG4,10&46640+2&9-?;,&0-*:+;*+&748-+4&

94*:1*5B;&.4C4?-F1*5&9014*04H&E+8-:FG4,10&I1*.-J2&</8;*&C1:1-*&;*.&</8;*&>=42&K:46/?&

1*:+,/84*+:2&D10,-B,4:-?/+1-*2&LG-+-B54-84+,=M&

N4J&O40G*-?-5=H&P4+40+-,:2&QF+10;?&94*:-,:2&O=F4:&-6&QF+10;?&94*:-,:2&QF+10;?&840G;*10;?&

:4*:-,2&90;**1*5&,;.1-84+4,2&)7&90;**4,2&D/?+1B:F40+,;&90;**4,M&O@2&7;.;,&;*.&9?;,&:=:+48:2&

EFF?10;+1-*:&-6&79&1*&.1664,4*+&614?.:&RS;*.&:4+&:;+4??1+4:2&>;,+G&,4:-/,04&:;+4??1+4:M&

����#�
�T��� #�$&UM&748-+4&94*:1*5&A=&9/,4:G&9G;G&V1*&W/X;,;+1Y&K*1M&W,;*+G&N1,8;*&3-;,.2&

EG84.;A;.M&ZM&)*+,-./0+1-*&+-&QF+10;?&748-+4&94*:1*5&A=&LM&9M&LG1:;,-+=&V)97QB3;*5?-,4YM&

���
����


�� ��[#����

IG;+&1:&O,;*:./04,:\&2&]?;::1610;+1-*&-6&O,;*:./04,:2&]?;::1610;+1-*&A;:4.&-*&4?40+,10;?&F,1*01F?4&

1*C-?C4.2&74:1:+1C4&L-:1+1-*&O,;*:./04,:2&74:1:+1C4&L,4::/,4&O,;*:./04,2&S1*4;,&@;,1;A?4&

P1664,4*+1;?&O,;*:./04,2&L14̂-4?40+,10&O,;*:./04,2&9+,;1*&5;/̂4&O,;*:./04,2&O48F4,;+/,4&

O,;*:./04,:2&74:1:+;*04&+48F4,;+/,4&P4+40+-,2&OG4,81:+-,2&OG4,8-0-/F?42&@;,1-/:&+=F4:&-6&

D10,-FG-*4:2&];,A-*&810,-FG-*4:2&71AA-*&810,-FG-*4:2&S-/.:F4;_4,2&D-C1*5&0-1?&

810,-FG-*4:M&

����#�
�T��� #�$��((̀B&3;:10&>?40+,-*10:&V:-?1.:+;+4Y&A=&3M&SM&OG;,;X;&2&L/AM&9M&]G;*.&a&

]-8F*=&Vb+G&>.1+1-*Y&
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)*+,-./01,2-3+44-256742-8*2-,809258,-8/:

;:<2=24/>-65-05921,8659+5?-/@-8*2->1+5.+>42,-/@-7+/.*2A+,81B-C6,-6>>4+.6742-8/-*0A65

5081+8+/5D

E:F786+5-65-+5,+?*8-+58/-8*2-.*2A+,81B-/@-A6G/1-5081+258,-659->*B,+/4/?+.644B-+A>/18658

./A>/059,:

H:I5921,8659-8*2-7+/4/?+.64->1/.2,,2,-659-,B,82A-6,-6>>4+.6742-8/-*0A65-5081+8+/5:

J:K>>4B-8*2-L5/3429?2-12M0+129-8/-*0A65-5081+8+/5-659-9+2828+.,:

�������-N581/90.8+/5-8/-O+/.*2A+,81B:P-<2@+5+8+/5Q-F7G2.8+=2,Q-R./>2-659-N5821

-----------------12468+/5,*+>-7283225-7+/.*2A+,81B-659-/8*21-7+/4/?+.64-,.+25.2,:

�������-CKD-N581/90.8+/5-8/-.617/*B91682,Q-S+>+9,-659-T1/82+5,:

---------------COD-U5VBA2,P-<2@+5+8+/5Q-)B>2,-659-W46,,+@+.68+/5-/@-25VBA2,Q-92@+5+8+/5

-----------------------659-8B>2,-/@-./P-25VBA2,Q-,>2.+@+.+8B-/@-25VBA2,Q-N,/VBA2,Q-U5VBA2

-----------------------L+528+.,-+5.409+5?-@6.8/1,-6@@2.8+5?-=24/.+8B-/@-25VBA2-.6864BV29

-----------------------126.8+/5,Q-25VBA2-+5*+7+8+/5:

������XY/42.0461-6,>2.8-/@-8165,>/18P-T6,,+=2:

CKD<+@@0,+/5Q-Z6.+4+86829-9+@@0,+/5Q-K.8+=2-8165,>/18:

CODN5821A29+6824B-A2867/4+,A P-?252164-./5,+92168+/5-.617/*B91682,-?4B./4B,+,Q

74//9-,0?61-12?0468+/5:

[ S+>+9,P-F\+968+/5-659-7+/,B58*2,+,-/@-@684B-6.+9,Q-RB58*2,+,-659-08+4+V68+/5

/@-L28/52-70922,Q-]28/,+,Q-Z084B-4+=25:

[ T1/82+5,P-?252164-126.8+/5-/@-65+A/-659-A2867/4+,AQ-0126-.B.42:

������"-CKD-O+/4/?+.64-/\+968+/5P-.+81+.-6.+9-.B.42Q-242.81/5-8165,>/18-.*6+5:

CWDF\+968+=2->*/,>*/1B468+/5Q-2521?B-./5,21=68+/5Q-*+?*-2521?B->*/,>*682-7/59:
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'()*+,-./*0+1)22+034520+6(0+*6.7036*+6-8

9 :3-1+6(0+);<-/6436+-=+,-*6+,-36/-2+437+>.42)6?+,-36/-28

9 @0+=4;)2)4/+1)6(+,-*6)3A+437+</),)3A+-=+/0,)<0*8

9 @0+=4;)2)4/+1)6(+,-*6+/0<-/6)3A+*?*60;8

9 @0+414/0+-=+6(0+B-C0/3;036+/0A.246)-3*+437+*64374/7*+-=+=--7+>.42)6?8


������

D8E;<-/6436+-=+,-*6)3A+437+,-*6+,-36/-2F+;06(-7*+-=+,-*6)3A+437+,-*6)3A+;06(-7-2-A?+)3

,460/)3A+5.*)30**F+0;<(4*)*+43+54660/+,-*6)3A8

@8G-*6+,24**)=),46)-3+)36-+;460/)42*F+245-./+437+-C0/(047*+437+6(0)/+<0/,0364A0+4342?*)*+-3

306+*420*+=-/+,204/+.370/*6437)3A+-=+6(0)/+/0246)C0+);<-/643,08


������

D8;460/)42+,-*6)3A+.*0+-=+*64374/7)H07+/0,0)<0*+;460/)42+,-*6+,-36/-2+6(/-.A(+54*),+-<0/46)3A

4,6)C)6)0*+2)I0+<./,(4*)3AF+/0,0)C)3AF+*6-/4A0F+)**.)3A+</-7.,6)-3F+*420*+437+4,,-.36)3AF

?)027+4342?*)*+=/-;+6);0+6-+6);08


�����J

D8K460/)42*+,-*6)3A+4*+43+4)7+6-+</),)3A+5?+4+*.)64520+;4/I+.<+<-2),?8

@8G-36/-2+-=+245-./+,-*6*+437+-C0/(047*F+<0/)-7),42*F+<0/,0364A0+4342?*)*+,42,.246)-3+-=

-C0/(047+422-,46)-3+/460*8


�����!

D8G-*6+50(4C)-./+)36-+C4/)-.*F+=)L07+437+*0;)C4/)4520+437+)6*+);4,6+-3+.3)6+,-*68

@8G-*6+/0<-/6)3A+*?*60;M+74)2?F+;-36(2?+437+=-/+*<0,)42+;434A0/)42+70,)*)-3*8
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-./.�.0�.�12

3 4 ��	�4	5	�!�677$8�9����:���������)�:��
�����(�"��� ���)�9�������	

3 ;��<)�:	�9�����=���
�&�����>	?	�!�67@$8�9����:����������,������������
������
���	

�#�	�A�
	)�4��"��	

3 (����
�B	5	�!�676$8�(������������
�(��������������������������)�4�������
�������#�	�A�
	)

9�������	

3 5�������C	9	�!�677$8�&��
���
�4�#���������������(��������D����E��	�B���F�����	

3 5�����G�:��������� �������
��������)�4��������
�G����������
	�A��
��	

3 4���
����G	&	�8�D�������
�9��������9���������
�"�
����)�D��������)�A��
��	

3 (�����>	�!�676$�9���������������
����������������)�A��
��	
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'()*+,-./0*+1,2,3,*/.10*+14-5*6542,.17810-/10*+1+,.59*(

:(;,0-*1/71044-,650/,10-/(

<(=,>,27410*1?*+,-./0*+5*91/71/@,10442560/57*17810-/14-5*6542,.15*1+,.59*167347.5/57*178

/-0+5/57*0210*+167*/,347-0-A10-/B10-6@5/,6/?-,10*+1/,C/52,.10*+15*/,-57-1+,.59*(

D������1E*/-7+?6/57*1/7187?*+0/57*17810-/

F =,.59*B1=,85*5/57*10*+1/A4,.1G

0HI/-?6/?-,

JH=,67-0/5>,

F K2,3,*/.1781+,.59*(

;5*,B1I5L,B1M7-3B1I/-?6/?-,B1I406,B1N0//,-*B1I@04,(

F ;59@/1G1O@0-06/,-5./56.10*+1620..58560/57*

F I/?+A17816727?-.P1O20..58560/57*16727?-1.6@,+?2,.1,/6(

D������1N-5*6542,.1781+,.59*P1+,85*5/57*10*+1/@,5-16@0-06/,-5./56.10*+1/A4,.GF

F Q020*6,B1R0-37*AB1I602,B1N-747-/57*B1S@A/@3B1K34@0.5.(

D�����T1E*+50*B1-,957*02B1/-0+5/57*0210*+167*/,347-0-A10-/.10*+1/@,5-1?.,15*

F M277-1+,67-0/57*(

F R73,1+,67-0/57*(

F U66,..7-5,.(

D����� M27V,-10--0*9,3,*/1/A4,.(

F W0J2,1.,//5*9B15347-/0*6,B1/A4,.(

F E*+50*0--0*9,3,*/B1X,./,-*(

F E347-/0*6,1781259@/5*915*15*/,-57-1+,67-0/57*(
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���%�����=��:�>��?�������+
55@�7�'������������������
������"�-�<��(�97

;�>�����<��>�A�����
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%&'()*+,(-+)./.0+)(1)23+),(456-+0)70(*8+-5)94)23+)-.0:+2&

;&'()0+.89<+)23+)9-7(02.4,+)(1)23+)+11+,29=+)0(8+)(1),(456-+0)94)23+)-.0:+2&

>&'()?+=+8(7)@((?)*6A-.45397)5:988)94)23+)5+8+,29(4)(1)@((?5)94)23+)-.0:+2&

�B�����)C(456-+0).4?),(456-+0)70(*8+-5&

D E+194929(4)(1),(456-+05F)9-7(02.4,+).4?)(*G+,29=+5)(1),(456-+0)+?6,.29(4&

D C3(9,+).4?)*6A94@)70(*8+-5)(1),(456-+05&

D H.682A)/+9@325).4?)-+.560+5&

D I?682+0.29(4).4?)(23+0)-.870.,29,+5&

D C.65+5).4?),(45+J6+4,+5&

�B�����)K(8+)(1)52.4?.0?5)94),(456-+0)70(2+,29(45&

D L+.494@)(1)52.4?.0?5&

D M0(?6,2),+02919,.29(4&

D K(8+)(1),+02919,.29(4&

D N((?)*6A-.45397&

�B����O)C(456-+0)09@325&

D C(456-+0)0+57(459*98929+5&

D PQRSTUVWQXXYRSZ[\WRT[V]̂ YU_VẀYRZVZT[VWZ[WSaYŴQUbYSc

�B�����)C(456-+0)70(2+,29=+)5+0=9,+5&

D d?6,.29(4.8)94529262+&

D N(=2&).@+4,9+5&

D e(4)@(=2&).@+4,9+5F),(f)(7+0.29=+5&

D C(456-+0)8+@958.29(45)+2,&
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'()*+,-./.0+1,23.,4546.7.88,+9,23.,:;1+6247<.,+9,.460=,<3:0-3++-,.-><42:+7?

'@)*+,-./.0+1,47,>7-.68247-:7A,+9,23.,2.4<3:7AB,0.467:7A,16+<.88?

'C)*+,3.01,23.,82>-.728,2+,1047,16+A64;;.8,9+6,=+>7A,<3:0-6.7?

'D)*+,-./.0+1,8E:00,9+6,+6A47:F:7A,/46:+>8,4<2:/:2:.8,9+6,<3:0-6.7?

�G�����,H460=,<3:0-3++-,.-><42:+7?

I J.47:7AB,81.<:9:<,4:;8B,:;1+6247<.,+9,.460=<3:0-3++-,.-><42:+7?

I *=1.8,+9,.460=,<3:0-3++-,.-><42:+7?

I K>2:.8,47-,6.81+78:L:0:2:.8,:7,+9,4,7>68.6=,8<3++0,2.4<3.6?

�G�����M0477:7A,47-,+6A47:F:7A,47,:-.40,.460=,<3:0-3++-,.-><42:+7,<.726.?,'N.0.<2:+7,+9

,,,,,,,,,,,,,,0+<42:+7B,L>:0-:7AB,814<.)?

I J4:72.747<.,+9,/46:+>8,6.<+6-8,47-,6.A:82.68?

I O>66:<>0>;,10477:7AP,M0477:7A,4,-4:0=,5..E0=,16+A64;;.?

�G����Q,R<2:/:2:.8,:7,23.,.460=,.-><42:+7,<.726.?

I R<2:/:2:.8,2+,L.,16+/:-.-?

I K>642:+7,+9,4<2:/:2:.8?

I J474A:7A,<3:0-6.7?

I STUVWTVXVYZV[UVWTVX\W]X̂_[̀XaV\[WUWA?

�G���� ,J>8:<,:7,23.,.460=,<3:0-3++-,.-><42:+7,<.726.?

I M0477:7A,;>8:<,Hb1.6:.7<.8?

I N:7A:7AP,O3+:<.,+9,8+7A8B,<+72.728B,4<2:+78?

I cdZe[f\WTVXegXThUa][VW_̀XaUfV[\fi[Vj
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$%&'()*+,-)(./)(0.12)*.0(.'(0.123(./)(4/+*5)0(6*(+2'-)04)*4)(./7'15/('-2(+5)%

8%&'(9+:)(./)(0.12)*.0(+;+7)('<(./)(*))2(=(>7',-)90('<(+2'-)04)*4)(./7'15/('-2(+5)%

?%&'(0.123(./)(4/+*56*5(71-)0(<7'9(+2'-)04)*4)(./7'15/('-2(+5)%


@���	�(A2'-)04)*4)%

B C/+7+4.)760.640('<(+2'-)04)*4)%

B D)E)-'>9)*.+-(.+0:0%

B F/3064+-(4/+*5)0%

B G'46+-(+*2(9)*.+-(4/+*5)0%

B &/)(<+96-3(030.)9(+.(./)(0)4'*2+73(04/''-(+5)(4/6-2(0.+5)%


@���	�(H+7-3(+21-./''2%

B C/+7+4.)760.640('<()+7-3(+21-./''2%

B D)E)-'>9)*.+-(.+0:0%

B F/3064+-(4/+*5)0%

B G'46+-(+*2(9)*.+-(4/+*5)0%

B &/)(<+96-3(030.)9(+.(./)(3'1*5(+21-.(0.+5)%


@���	I(J622-)(+21-./''2%

B C/+7+4.)760.640('<()+7-3(+21-./''2%

B D)E)-'>9)*.+-(.+0:0%

B F/3064+-(4/+*5)0%

B G'46+-(+*2(9)*.+-(4/+*5)0%

B &/)(<+96-3(030.)9(2176*5(./)(9622-)(+5)(3)+70%
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$$$/'0(,1*$'++20($,-$+'*&),-3

$$$/'*&),-$040523$6/'*&),-$*&211)2*7

$$$/'*&),-$8219)-,5,:43

"#�����$;<9921$=2'1$+'*&),-2>$:'192-(3

? @,5,<13

? 82A(<123

? B2*):-3

"#����C$%)-(21$+'*&),-2>$:'192-(*3

? @,5,<13

? 82A(<123

? B2*):-3

"#����!DEFGHIJKDLFMNOKPGDQJMDRIMSTGU

? @,5,<13

? 82A(<123

? B2*):-3

V�WX��XWYZ

[7\12]'1'(),-$,+$(1'*]'-0)2*$,+$+'*&),-2>$:'192-(*$6̂?81'-*]212-0)2*73

_7EFGHIJKDISS̀GPMFPIJKDJQDLFMNOKPGDJQDaOOKFLOMDLIMSTGDbc?B2*)-:$d4$&'->7$B1'=)-:3

e7/'*&),-$)55<*(1'(),-$,+$:'192-(*$+,1$f><5($=,92-$6̂$B2*)-:$d4$g'->73

h7/'*&),-$f**2**,1)'53$6B1'=)-:*$d4$&'->73
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.�/0.1�234�5267402�89.62�7:4;0<�.=�>?.2345�@8A;.65�B423.75�.=�7:4;0<�2:C45�.=�7:4

8@8;?89?4-

D-
.�8>E6;A4�/0.1?47<4�89.62�3:524A;>�>.526B45�.=�.6A�>.602A:-

F-
.�8>E6;A4�/0.1?47<4�89.62�7;==4A402�2:C45�.=�4B9A.;74A:�.=��07;8-

GH!������02A.76>2;.0�.=�7:45I

J �;==4A402�2:C45�.=�7:45-

J K?855;=;>82;.0�.=�7:45-

J �A4C8A82;.0�.=�7:45�=.A�C8A2;>6?8A�74=4A40>4�2.�>.22.0�5;?/�42>-

GH!������:45�6547�=.A�CA;02;0<-

J �423.75�.=�CA;02;0<-

J 
:C45�.=�CA;02;0<-

J �E6;CB4025�A4E6;A47�=.A�CA;02;0<-

GH!���L�M6078B4028?5�.=�4B9A.;74A:-

J 
4>30;E645���45;<0-

J K.?.6A�>.B9;082;.05�807�6547�.=�7;==4A402�23A4875-

GH!���$��B9A.;74A:�52;2>345�2:C45��56;289;?;2:�42>-

J N267:�.=�234�2:C45�.=�@8A;.65�>.024BC.A8A:�4B9A.;74A;45�?;/4��5387.1�1.A/��>62�1.A/�

5B./;0<�8CC?;E6O�1.A/�42>-



�����������

	
��
�������
������

� ������

�
�������������� �

� �!����������� �

� "�
���!�������� �

� "��

��#���� ��$�������� �

� "������������ �

� %
 
���!
�������� �

&
'�!��� �(�#�!
(��$�����������!�
#�����
��
(�

� )*+,-.*/01234/)*56,*4/)*+76-/8,793*2-4/:,*;<*4/:,-3*53*2-/*5./=7>*2*6?+/@;<21-.@2A


���

BCDC�CE�C��

� F�
���G
�
#�����
���H
(� �(I�J�����(K��LM�!�������(�

� N@@.9@/O2*P6/<A/Q@*.@2?+/R-=@+6S

� "�����T���
�U	VWX
�'��K
����$��
Y��!
�L������ ��Z�����I��K�#
(�[�\M#���Z���



�����������	
�������	���
��
	�������
���

���������	���

���	�� 								���	����� 															���� ��	!	"	!	#	$

�%&�'� (��	)*

+,-./0121340564075894:5701;/8505/0<=1:010<3/>4?50@/308<=A@5B4:50/@03831=0<4/<=4C

+D-./0E:/205640@/3B8=15A/:01:901<<=A?15A/:0/@0<3/>4?50A:03831=01341C

+F-./0121340564075894:5701;/8503/=40/@06/B407?A4:?40A:03831=094G4=/<B4:5C

�H ��	�0.31A:A:IC

J K41:A:I0L0M4490/@0531A:A:IC

J .N<470/@0531A:A:IC

J O617470/@0531A:A:I07N754BC

�H ��	!0O3/>4?50@/3B8=15A/:C

J K41:A:I0L0AB</351:?4C

J P;>4?5AG470L0.N<47C

J Q54<70A:G/=G40A:0<3/>4?50@/3B8=15A/:C

�H ��	R0O3/I31BB40<=1::A:IC

J S4@A:A5A/:0L0AB</351:?4C

J Q54<70A:G/=G40A:0<3/I31BB40<=1::A:IC

�H ��	$

J T774:5A1=70@/30I//90<3/>4?5C

J UA4=904V<43A4:?4026A=40?/:531?5A:I0<4/<=4C
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,-./0123/.4567/054.5-8

98:;;</=>15/.=-33/=5>?/.1=5>-0.-@.A/1B/<.4/=5>-04.-@.;/-;3/@-<.5C/><.-A0.7/?/3-;D/058

E8F07/<45107.5C/.=-DD60>5G.7G01D>=4.107.>54.>0@36/0=/.-0.7>@@/</05.4/=5>-04.-@.5C/

=-DD60>5G8

H8I567G.5C/.>7/-3-JG.-@.-<J10>K>0J.;/-;3/.>0.7/?/3-;D/058

L8F07/<45107.5C/.;155/<0.-@.3/17/<4C>;.>0.5C/.=-DD60>5G.5<17>5>-013.107./D/<J>0J8

M8F07/<45107>0J.5C/.;<-=/44.-@.-<J10>K>0J.;/-;3/.@-<.5C/><.-A0.7/?/3-;D/058

�N#����

O P-33/=5>?/.1=5>-0.14.7>45>0=5.@<-D.>07>?>7613.1=5>-08

O Q//7.@-<.=-33/=5>?/.1=5>-0RO.SD;<-?>0J.;<-76=5>-0.107.;<-76=5>?>5GT.SD;<-?>0J

1==/44>2>3>5G.5-.</4-6<=/4T.J1>0>0J.45</0J5C8

�N#����

O ,<17>5>-013.3/17/<4C>;U.<-3/4.107.@60=5>-04.17?1051J/4T.7>417?1051J/48

O VD/<J>0J.3/17/<4C>;U.IC1</7.3/17/<4C>;8

�N#���W

O X/17/<4C>;.107.=-DD60>5G.-<J10>K15>-0.@-<.7/?/3-;D/058

O I=C--3.7G01D>=4.>0.5C/.?>331J/T.=-DD60>5G.Y.6<210.436D48

�N#���&

O I-=>13.45<6=56</.14.214>4.@-<.4-=>13.7G01D>=4.>0.-;/<15>-08

O I-=>13.Z645>=/.107./[613>5G.-@.-;;-<560>5>/4./D;-A/<>0J.5C/.A/1B/<.4/=5>-048
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%&'()*+,-(.)/'00).1230.)4+)(4,5.14()4+6

78915.-(4215)4&.):2*4+-()4&24)5.4.-;'1.)4&.)2<2'023'0'4=)215)*+1(,;>4'+1)+:):++58

?8@.):2;'0'2-)/'4&)4&.)*+;;+1)1,4-'4'+120)>-+30.;()+:)4&.)*+;;,1'4=A)4&.'-)*2,(.(A

(=;>4+;(A)4-.24;.14)215)>-.<.14'+18

B8C.4).D>+(.5)4+)4&.)(*&.;.(A)>-+E-2;;.()215)>+0'*'.()+:)C+<.-1;.14)+:)F15'2)4+)*+;324

;201,4-'4'+18

G8@.)2/2-.)+:)4&.)&.204&)&2H2-5()-.024.5)4+):++5)215)/24.-8
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  GEOLOGY 
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HEMCHANDRACHARYA NORTH

GUJARAT UNIVERSITY, University Road,

P.O. BOX NO: 21, PATAN-384265.

N. Gujarat,INDIA.

NAAC Accreditation

Grade–“A”

FACULTY OF

SCIENCE

GEOLOGY

SYLLABUS

(Effective from June-2018)

B.Sc. (Semester VProgramme)

The proposed new courses in Geology for undergraduate classes are reassigned in

accordance to semester / CBCS / Grading system with new education policy. The new course is

based on model curriculum of the university grants commission.

The medium of instruction should be Gujarati / English and the question paper should

be drawn in Gujarati / English version. Students are permitted to write answer in English or

Gujarati language.

Its objectives are as under:

1. To meet the growing demand of Specialization and Advanced Courses in

applied science.

2. To help the colleges to update and modernize their laboratories.

3. To redesign the courses the special emphasis on local

requirements, environment, to link the courses with requirements of the

industries and research.

4. To prepare for National level entrance test like NET / SLET / JRF and

other competitive exams.
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HEMCHANDRACHARYA NORTH

GUJARAT UNIVERSITY,UniversityRoad,

P.O. BOX NO: 21, PATAN-384265.

N. Gujarat,INDIA.

NAAC Accreditation

Grade–“A”

FACULTY OF

SCIENCE

GEOLOGY

SYLLABUS

(Effective from June-2018)

Common Formula for Question Paper (Core Course)

Time: 3 Hours Total Marks: 70

Theory Examination Pattern (Core Course):

Que. No: 1

A: Write any Two out of Three Questions. 14 Marks

B: Write any one out of Two Questions. 06 Marks

Que. No: 2

A: Write any Two out of Three Questions. 14 Marks

B: Write any one out of Two Questions. 06 Marks

Que. No: 3

A: Write any Two out of Three Questions. 14 Marks

B: Write any one out of Two Questions. 06 Marks

Que. No: 4

Write any Ten out of Twelve Short questions / M.C.Q / Short

numerical / diagram (Three Questions to be asked from each

Unit).
10 Marks
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HEMCHANDRACHARYA NORTH

GUJARAT UNIVERSITY,University Road,

P.O. BOX NO: 21, PATAN-384265.

N. Gujarat,INDIA.

NAAC Accreditation

Grade–“A”

FACULTY OF

SCIENCE

GEOLOGY

SYLLABUS

(Effective from June-2018)

Common Formula for Question Paper (Elective Course)

Time: 2 Hours

Total Marks: 50

TheoryExaminationPattern (Elective Course):

Que. No: 1

A: Write any two out of Three Questions.

(Each of 05 marks)

10 Marks

Que. No: 2

A: Write any two out of Three Questions.

(Each of 05 marks)

10 Marks

Que. No: 3

A: Write any two out of Three Questions.

(Each of 05 marks)

10 Marks

Que. No: 4

A: Write any two out of Three Questions.

(Each of 05 marks)

10 Marks

Que. No: 5

Write any Ten out of Twelve Short question / M.C.Q / Short

numerical / diagram (Three Questions to be asked from each

Unit).
10 Marks
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HEMCHANDRACHARYA NORTH

GUJARAT UNIVERSITY,University Road,

P.O. BOX NO: 21, PATAN-384265.

GEOLOGY

PRACTICAL

(Effective from June-2018)

GEO 501 PR-1

Common Formula for Question Paper (Practical Course)

Time: 05 Hours

Total Marks: 50

Practical Examination Pattern:

1. Identify the given Megascopic Rock sample. Give the texture, Mineral

constituents and Conclusion of it. Also give the name of the Rock.

2. Identify the Microscopic Mineral section. Write a microscopic

properties of it. Give the name of minerals and draw a section of over

the polarizer and between the crossed nicol s.

3. Viva-voce.

4. Journal Work.
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HEMCHANDRACHARYA NORTH

GUJARAT UNIVERSITY,UniversityRoad,

P.O. BOX NO: 21, PATAN-384265.

GEOLOGY

PRACTICAL

(Effective from June-2018)

GEO 502 PR-2

Common Formula for Question Paper (Practical Course)

Time: 05 Hours

Total Marks: 50

Practical Examination Pattern:

1. Identify the given Crystal model and Write the Axial ratio, System,

Symmetry, Class, Type, Combination forms and Mineral name.

2. Identify the crystal Model and draw a crystal projection.

3. Viva-voce.

4. Journal Work.
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HEMCHANDRACHARYA NORTH

GUJARAT UNIVERSITY,University Road,

P.O. BOX NO: 21, PATAN-384265.

GEOLOGY

PRACTICAL

(Effective from June-2018)

GEO 503 PR-3

Common Formula for Question Paper (Practical Course)

Time: 05 Hours

Total Marks: 50

Practical Examination Pattern:

1. Draw a map section of given map. Write the Description of it.

2. Viva-voce.

3. Journal Work.
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HEMCHANDRACHARYA NORTH

GUJARAT UNIVERSITY,University Road,

P.O. BOX NO: 21, PATAN-384265.

GEOLOGY

PRACTICAL

(Effective from June-2018)

GEO 504 PR-4

Common Formula for Question Paper (Practical Course)

Time: 05 Hours

Total Marks: 50

Practical Examination Pattern:

1. Solve the given Geometrical exercise.

2. Solve the Outcrop filling problem and write the order of superposition

and give comment on the map.

3. Viva-voce.

4. Journal Work.
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HEMCHANDRACHARYA NORTH GUJARAT

UNIVERSITY, PATAN-384265

NAAC Accreditation Grade–“A”

FACULTY OF SCIENCE

GEOLOGY Syllabus

(Effective from June-2018)

The pattern of university exam:

Written Examinationt

ime

Marks

External

Marks

Internal

Core Course 3 hours

(per course)
70 30

Practical

Core Course

7 hours

(two days)
200

--

Subject elective

course

2 hours
50

--
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HEMCHANDRACHARYA NORTH GUJARAT

UNIVERSITY, PATAN-384265

Design and Structure of Geology (EarthSciences) U G semester V Coursesfor

Credit Based Semester System to be implemented from June 2018

GEO 501 Mineralogy; Crystallography.

GEO 502 Petrology– Igneous and Metamorphic.

GEO 503 Structural Geology; Sedimentary

Petrology.

GEO 504 General &Standard Stratigraphy;

Geology of Peninsular India.

GEO 501

PR-1

Megascopic and Microscopic Minerals

GEO

502PR-2

Crystallography; crystal projections.

GEO

503PR-3

Structural–Maps (with Unconformity,

Overlap and Fault)

GEO 504

PR-4

Simple Geometrical exercise, simple Out

Crop Filling Problems.

GEO

505(CSE)
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B. Sc.

SemesterV

GEOLOGY -THEORYandPRACTICALS

Course Outline

Course Details

GEO 501 Mineralogy; Crystallography.

GEO 502 Petrology – Igneous and Metamorphic.

GEO 503 Structural Geology; Sedimentary Petrology.

GEO 504 General and Standard Stratigraphy; Geology of

Peninsular India.

GEO 505
(CSE)(CoreSubjectElective)

GEO 501 PR-1 Megascopic and Microscopic identification of Minerals;

GEO 502 PR-2 Crystallography, Crystal Projections.

GEO 503 PR–3 Structural – Maps (with Unconformity, Overlap and Fault)

GEO 504 PR-4 Simple Geometrical exercise, Simple Out Crop Filling

Problems.
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B.Sc.

SemesterV

GEOLOGY - THEORY and PRACTICALS

Course-wise detail syllabus

GEO 501: Mineralogy; Crystallography:

Unit Coursedetails Credits

Unit–1 Mineralogy

Structure of silicate minerals,

Study of Rock forming minerals, chemical classification of minerals and

study of chief mineral families – Silica, Feldspar, Feldspathoid, Mica,

Amphibole, Pyroxene, Olivine, Garnet, Zeolite, Alumino -silicate, Epidote,

Zoisite.

1

Unit–2 Optical Mineralogy

Detail study of optical properties -Extinction, Interference colours, Order of

interference colours– their controlling factors. Uniaxial and Biaxial

interference figures and optic sign determination – microscopic accessories.

1

Unit–3 Crystallography

Crystallography – Hexagonal (Tourmaline and Quartz types),

Monoclinic and Triclinic crystal systems – their detailed study.

Twinning in crystals.

1

REFERENCE BOOKS:

Read, H.H. (1960): Rutley’sElements of Mineralogy (26
th

Edition). CBS Publishers and

Distributers.

Kerr, P.F. (1977): Optical Mineralogy. Mc Graw Hills Inc

Winchel, N.H.; Winchel, A.N. (1968): Elements of Optical Mineralogy. Willey Eastern Ltd.

Delhi.
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GEO 502: Petrology: Igneous and Metamorphic:

Unit Course details Credits

Unit–1 Igneous Petrology

Magma - Types, origin and composition.

Pyrogenetic minerals – Ortho-, meta- and polysilicates.

Saturated – Undersaturated minerals.

Crystallisation of Unicomponent and bicomponent magma with

influencing factors and appropriate examples.

Bowen reaction series.

1

Unit–2 Igneous Petrology (Conti.)

Textures of igneous rocks.

Classification – mineralogical, chemical, textural and Hatchscheme.

Basic principles of thermodynamics.

Phase equilibrium in two and three component silicate system.

1

Unit–3 Metamorphic Petrology

Types of metamorphism –Thermal, Dynamothermal, Cataclastic and

Plutonic.

1

Metamorphic structures and Textures. Classification of metamorphic

rocks.

Outlines of zones, faciesand phase diagrams of metamorphism. Facies

series and isogrades. Relationship between metamorphism and

deformation.

Equilibrium and non-equilibrium reactions in metamorphic processes.

Composition - paragenetic diagrams. Projective analysis.

REFERENCEBOOKS:

Bose, M.K.(1997): Igneous Petrology. World Press.

Tyrell, G.W. (1960): The Principles of Petrology. Asia Publishing House.

Bhaskar Rao, B.C. (1986): Metamorphic Petrology. Oxford and IBH Publishers, New Delhi.

Moorhouse, W.W. (1964): The Study of Rocks in Thin Sections. Harper and Row.
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GEO 503: Structural Geology; Sedimentary Petrology:

Unit Course details Credits

Unit–1 Structural Geology

Causes, Mechanism, Classification and types of Faults and Joints.

Causes, Mechanism, Classification and types of Folds.

Structural concepts of main mountain ranges – Himalaya and Aravalli.

Order of super position in the field.

1

Unit-2 Sedimentary Petrology

Genesis, classification and Types of sedimentary deposits – Residual,

Detrital, Chemical and organic.

Sedimentary structures.

1

Unit-3 Sedimentary Petrology (Conti.)

Diagenesis of terrigenousand chemical sediments.

Dynamics of aeolian, fluvial, near - shore and deep-sea environments.

Concept of sedimentary facies.

Basic principles of palaeoenvironment and palaeoclimate analysis.

1

REFERENCE BOOKS:

Billings, M.P. (1977): Structural Geology. Prentice Hall.

Hobbs, B.E.; Means, W.E. and Williams, P.F. (1957): An Outline of Structural Geology.

Tyrell, G.W. (1960): The Principles of Petrology. Asia Publishing House.

Blatt, H. (1982): Sedimentary Petrology. Freeman &Company.

Nichols, G. (1999): Sedimentology and Stratigraphy. Blackwell.

Reading, H.G. (1996): Sedimentary Environments. Blackwell.

Pettijohn, F.J.; Potter, P.E. and Siever, R. (1990): Sand and Sandstone. Springer Verlag.

Sengupta, S. (1997): Introduction to Sedimentology. Oxford &IBH Publishing Company.

Bhattacharya, A. &Chakraborti, C. (2000): Analysis of Sedimentary Successions. Oxford &

IBH Publishers. New Delhi.

Moorhouse, W.W. (1964): The Study of Rocks in Thin Sections. Harper and Row.
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GEO 504: General and Standard Stratigraphy; Indian Stratigraphy (Peninsular):

Unit Course details Credits

Unit–1 General Stratigraphy

Facies concept in stratigraphy, Indexfossils, Concept of Palaeogeography,

Igneous phenomena, Tectonic phenomena, Rock Suites and petrographic

provinces.

Geological Time, Geological eras and their sub -divisions.

1

Unit–2 Standard Stratigraphy

Stratigraphical eras and their sub-divisions – Outlines of Standard

Stratigraphy and their general study. (Emphasis to be given on

Palaeogeography and life forms of the time). Correlation of the major

Indian formations with their world equivalents.

1

Unit-3 Indian Stratigraphy (Peninsular)

Detail study of fundamental complex - Archaean - Dharwar, Cuddapahand

Vindyan Super Groups.

1

Detail study of Post Archaean formations of Peninsular India -Gondwana

Super Group, Mesozoic, Deccan Trap and Tertiary of Peninsula.

REFERENCE BOOKS:

Wadia, D.N. (1962): Geology of India. Tata McGraw Hill.

Krishnan, M.S. (1968):Geology of India and Burma. HigginBothams.

Ravindra Kumar (1982): Fundamentals of Historical Geology and Stratigraphy of India.

Willey Eastern Ltd.

Naqvi, S.M. and Rogers, J.J.W. (1987): Precambrian Geology of India. Oxford University

Press.

Pascoe, E.H. (1968): A Manual of Geology of India and Burma. Vol.I -IV. Govt.of India

Press.
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GEO 505 (CSE): Fundamentals of Hydrogeology :

Unit Coursedetails Credits

Unit–1 Hydrogeology

Hydrologicalpropertiesofrocks-

porosity,permeability,specificyield.Subsurfaceclassificationofgroundwater.

Classificationofaquifers.Darcy’slawanditsvalidity.

1

Unit–2 Hydrogeology (Conti.)

Conceptofwatershedmanagement.

ElementaryknowledgeofuseofAerialphotographsandremotesensingtechniqu

esinhydrogeology.

1

REFERENCE BOOKS:

Karanth, K.R. (1989): Hydrogeology. Tata McGraw Hill.

Karanth, K.R. (1987): Groundwater Assessment – Development and Management. Tata

McGraw Hill.

Davis, Stanley N. and Dewiest Roger, J.M. (1966): Hydrogeology. John Willey &Sons, Inc.

Raghunath, H.M. (1987): Ground Water. Willey Eastern Ltd.

Subramaniam, V. (2000): Water Kingston Publishers. London.

Mahajan, Gautam (1989): Evaluation and Ground water. Ashish Publishing House.

Todd, D.K. (1980): Groundwater Hydrology. John Wiley.

Tallman, C.E. (1937): Ground Water. McGraw Hill.

Schultz, J.R. and Cleaves, A.B. (1955): Geology in Engineering. John Willey.

Singh, P. (1985): Principles of Engineering Geology.



1

GEO 501 PR – 1: Megascopic and Microscopic Identification of Minerals;

Course details Credits

Mineralogy

Megascopic study of metallic and non-metallic minerals representing important

mineral families: Leucite, Nepheline, Sodalite, Scapolite, Enstatite, Hypersthene,

Bronzite, Wollastonite, Tremolite, Actinolite, Glaucophane, Serpentine, Andalusite,

Sillimanite, Kyanite, Topaz, Staurolite, Sphene, Epidote, Analcime, Stilbite,

Apophyllite, Kaolin, Aragonite.

ORES: Stibnite, Rutile, Psilomelane, Cassiterite, Corundum, Franklinite, Willemite,

wolframite, Azurite.

Study of the following minerals in thin sections: Chlorite, Staurolite, Kyanite,

Sillimanite, Andalusite, Enstatite, Bronzite, Tremolite, Diopside, Nepheline, Leucite,

Hauyne, Nosean.

2

GEO 502 PR – 2: Crystallography; Crystal Projections Lab.:

Crystallography

Study of crystal models representing Four types (Tourmaline and Quartz of Hexagonal

system, Gypsum of Monolinic and Axiniteof Triclinic system) with diagrams. Study

of twin crystals with diagrams.

Crystal Projection:

Clinographic projections of simple crys tals of Cubic, Tetragonal and Orthorhombic

systems. Representation of elements of symmetry of four types of symmetry with

stereographic projections.

2



2

GEO 503 PR–3: Structural Geology Lab.:

Course details Credits

Section and description of geological maps with structural features such as

unconformity, overlap, faulting, inliers, outliers and igneous intrusions.

2

GEO 504 PR–4: Structural Geology Lab.:

Course details Credits

Outcrop problems with one series of strata with inlier, outlier.

Graphic solutions of structural problems.

Viva Voce.

2


