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2.1 VØ

÷*5w§1�Ù�Ì�SN´��¡Ù!�7��Á=£:²é�!�Ñóä¤§,�òÚ\�

óä^u·�± .~�À�(¥*)§=ëY5�?Ø"

Äk§´:²·�3p�êÆ¥?Ø�é�µ

• Í�(�m):¢ê(¢��)¶

• �Ú(C�):¢�N�(lÑ��(ê�) and ”ëY”��(¢��þ�¼ê)"

Remark 1 ùA�´(�ÌÂez��(\�)êÆ��m��"'X�5�ê§@Ò�Ú\�5�m!

�5N�¶'XVÇØ§Ò�Ú\VÇ�m!VÇ©Ù(½�ÅCþ��),,

ØÓuÐ�êÆ�´§·�mu#�óä)))4�"

k
4�±�§·�k
�«#��	”ê��m”�g��ª(=¤¢©ÛÆ)"<Ú
ó§·�k

• �*(��º)µ�ê½�©(ÛÜCq)¶

• ¥*(²~À�)µëY¶

• ÷*("�º)µÈ©(�N�I)"

ùB´���È©¥§·���NSN"1�Ù·��Ú\ëY¶�*Ú÷*��	§ò3��¡Ù

!"
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2.2 �£:��:

e¡·�µe5���
�£:µ

2.2.1 ¢ê

• ¢ê��E(�ê*:!AÛ*:,,)

• ¢ê�Ä�5�(\~¦Ø$�§��5)

Ù¥¢ê��EÙ¢*:Ø��§kNõ«*:(�,lÜ6þ§�´�d�)"¢ê���5Ù¢´¢

ê�E���íØ§äNd±e½n�x(§�*d´Ü6�d�)µ

• ��7©�½n"

• üNk.S�7Âñ"

• 4«m@�n"

• k�mCX½n"

• (.�3½n"

• à:�n"

• ?�k.S�7kÂñf�"

Moral 1 (4ÐH) ¢êX���5(©Û$�µ45)Ú¢êXk.4«m�;�5(ÿÀ5�)´�d�"

�*/`§¢ê���5(©Û5�)¢Sþ��´AÛ5�(���5�)"

þ¡ùé{�äN¹ÂØ7Ýº§=)ö,åJ�"

Remark 2 þ¡�SN¢Sþ´n)”�È©”s����Ï½ö`�È©�n�7��£¶�3¢SO

�A^¥¿Ø¬^�"ÚîÚ4ÙZ]¿vk¢ênØ§$�Ø�Ù4��î�½Â´�o§�¦�®

²�±Ùö$^�È©)ûÔn½AÛþ�¯K
"

2.2.2 ¼ê

ê��±w¤g,ê�¢ê�N�§AÛþÒ´��þI
gS���:"

¼ê���¢ê�¢ê�N�(AÛþ´������C�§x3���IXp´�^”­�”)"

·�I�ÙGÄ��~f§�Ò´¤¢”Ä�Ð�¼ê”µ

• ~�¼ê"

• �¼ê"

• éê¼ê"

• �ê¼ê"

• n�¼ê"

• �n�¼ê"

AO/§A�P4éêúª!n�¼êúª±9�
~��õ�ª(�¼ê�')úª(X²��¶�'ê

�¦Ú¶��)"
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2.2.3 4�

�XQ §·�©ê�Ú(½Â3«m½¢êþ�)¼êü«�/5�Ä"éê�4�µ

• ½Â

• 5�µ��5!k.5!oK$�!kS5¶ê�Âñ�Ùf�Âñ5�'X¶

• �O�¦{µY%OK¶üNÂñ�n¶oK$�¶e�©^¶Stolz½n¶^¼ê4�¦��"

é¼ê4�µ

• ½Âµ

– ¼ê4�gCþ�Cz�¹��E,§'Xkl�ªC!lmªC!ªC��k�ê!ªu
Ã¡"

– ¼ê3�:?�4��ù�:�C���ª³¤û½§�T:�����Ã'"

• 5�µ��5!ÛÜk.5!oK$�

• �O�¦{µoK$�§e�©^§�dÃ¡�§,,(�,�k�[U��â7�{K)

üö�'é§=¼ê4��ê�4��'X(Heine8(�n)"é4��n)�ªµ

• �êµ�«AÏ�$�(aq\~¦Øéê,,)

• ©ÛµÝþ�m

• AÛµvà½ªC"

• �*µD���Ä�CzL§��L�Ù”ª³”�”�I”"½=òÁãò”k��ö�½$�”í�

��”Ã��!÷*�!�N�á5”

2.2.4 ëY5

�:�! ëY5�U´���*(3Æ�È©�c§·�Ò®²È\
���éëY5��ú)"34

�!¢ênØÿ�î�ïá���§�È©M©<(��)4ÙZ]Ò®²¯b/rº�
ëY´g,�

»��«é”��”�5�"4ÙZ]�óÆNX�-B´n�Ì�Vg:Ø�©�¢N(üf)!ëYÆÚ

c½Ú�"

óÆ¤¡��¯K��8(�ü�/�û0:��´gd�7,�m�gñ,��´

Ø�©�:�ëY5�m�gñ"

))))4ÙZ]5 �Ø6

ù«²�þ��*Ù¢5gu�»g,�«L��¢�))))3·��ºÝ*	e(Úî��*e�Ô

nÆ)”Ä�þ”Ñ´ëYCz($�´1wCz)�L§"ù�´�È©�¤±2�^uÔn���g,ó

ÆÄ:))))”(·��&)g,.(�N)´ëYCz�”"�,§�5�þfåÆ±9êÆ¥ÿÀ6/n

Ø�uÐò�#uÐù�*g¶�Ø�Ä@�´§3·�)¹²���*ºÝe§”ëY½Æ”�(´·

�é�»g,�Ä��@£��"

,
êÆþî��ß/`²xÛ¢”ëY”%¿Ø´���~²��¯�"ùBI�|^·��ó

ä”4�”"
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�£o(

• ½Â

– l�©µε − δ�ó�£ã(½ölimx→x0 f (x) = f (x0))¶

– �kéu5�n)µ fëYiff f�4�lim���"

• �ëY!mëY�½Â§±9�ëY�'X¶

• ëY¼ê�$�5�µëY¼ê�\!~!¦!/Ø0!EÜEëY"

• ëY¼ê�©Û5�µ

– ":½n!0�½n

– k.½n!��½n(5¿�¦´k.4«mþ)

• �¼ê�ëY5µ

– m«m�m«m���N�f§fëYKf��¼ê�ëY"

– î�üN4O�ëY¼êÙ�¼ê7½ëY"

Remark 3 þ¡ëY¼ê�©Û5��¤±üü�é��§´Ï�Ùy²(=Ù¢�)´���"'X0

�½n�±íÑ":½n§�d�{z8§":½n½�íÑ0�½n"k.���½n'XÓn"

Remark 4 �Ûk.½n!��½n�¦k.4«m§±9�¼êëY5���§éJ3p�êÆ½ê
Æ©Ûew�Ùwß�§�ùpØØã"�§��î�y²´�±3êÆ©Û½p�êÆ��£��S

Øy�"

2.3 �{£�

£��
SK�þ�[ÆL��
êÆ)K�{½�{"

• nÜ{-©Û{-ü>Y�{"

• êÆ8B{µ}Á-ß�-8B-y²"

• �{{µlAÏ���§z���AÏ"

• ©a?Ø{µX©ã[Ü��{§éÌÜ{Ü©a��"

• a'{µê��¼ê�a'"

3 SKüöµ4��ëY

Finally, if you attempt to read this without working through a significant number of exer-

cises , I will come to your house and pummel you with EGA1 until you beg for mercy. It is

important to not just have a vague sense of what is true, but to be able to actually get your hands

dirty. To quote Mark Kisin:/You can wave your hands all you want, but it still won.t make

you fly.02

1�êAÛ/�²0"
2ùã{Q�k·§o�Ù¤`$3n§�Ú^�"
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))))Ravi Vakil

��!�©a���ÐÏ�P�Jø��áÚ]��

3.1 e�©^

Problem 1 ¦4�limn→∞(1 − 1
n )n"

Problem 2 ¦4�limx→+∞( x2+1
x2−1 )x2

"

Problem 3 ¦4�limx→+∞(sin 1
x + cos 1

x )x"

Hint ·�®²���´µ

• limn→∞(1 + 1
n )n = e.

• limx→∞(1 + 1
x )x = e [y.]

Hint }Á^Cþ����{òþ¡K8z8�þ¡·�¤���4�"

Hint £�éê¼ê��ê¼ê3z8¥�^?"

Remark 5 }ÁgC*	o(�eù«�{·^��¸Ú¦^�@´�ª"

3.2 �dÃ¡�

Problem 4 ¦4�limx→0
x2 sin3x
tanx3 "

Problem 5 ¦4�limx→1 tan sin πx
4(x−1)"

Problem 6 ¦4�limx→+∞
sin(x2)

√
x

ln(1+x
2
3 )arctan(5x)

"

Problem 7 ¦4�limy→0(1 − 5y)
1
y"

Hint £�o(·�~^��dÃ¡�§�\"

Remark 6 é�&â �ÓÆµþ¡�KXJ�^â7�§´Ø´¬k<�º

3.3 ¼ê�ê��'X

Problem 8 f (x)´½Â3Rþ�¼ê§Klimx→+∞ f (x) = 0��=� f (x)ð�u0.

Hint �����y²´²��",����}Á^�y{§|^Heine8(�n"
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4 Ö¿SN�ýSïÆµ±�Ø��I

4.1 �ÀSN

ÀkÃ�{�m§�ûu�[�,�£�,þÑlõê<ÀJ½öÑl(Ñ��ÀJ¤§�le¡

SN¥Ö¹µ

1. zì¨�Ø(�þ�gùÂ¶ê�4��O��')"

2. 2Â�4������(�þ�gùÂ¶ê�4��½Â�')"

3. ~£VS�£(7ú«���µêÆ8B{�$^)

4. ¢ê��E(��7�E½x÷��E)"

4.2 ýSïÆ

·�ò±�~¯��Ý£�o(1�Ù��£:§,���c[�ùùÂ¥�SK"Ï
ïÆµ

• ESý�ùÂ1�Ü©J���£:('X½Â!½nSN�)"�½�ES�

• XJk°å§r�ïÆ3SK��cgC��eùÂ¥�SK¶Xkkî§�±�âHint¼��
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