Calculus (2)
(10.1)

By:hanan alawawda

STUDENTS-HUB.com Uploaded By: anonymous



* Asequence. Is a list of numbers a4, a,, ....., a,
* a; numbers with index i "order”’
* [t can be finite or infinite

* Itis afunctionthatsends1toa,,2toa,,nto a,

-Sequenc

/ / Finite
Infinite

iverge
Converge g
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Exp(1): a,=vn,n=1,2,3,...
n=1= a; = V1

n=2= a, =2

n=100= aqp9 = V100
AL dag) 5 5 Sy Gl Y

lim+/n = o = a, = n(diverge)

n—co

Exp(2) : b, %n—123
by =1,b, = =, bey = —=0
Dhais A8 Y

lim = = 0 (converge)
n-oon
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* Find the n th term of the following sequences:
*1,-4,9,-16,25,.... N=1,2,3,..

*a, = nz(—l)"+© — n e st 3 (5 Y 14 s
| T

3 LAY lie Aall ala h,.\ja;
5 LAY () sl oy ea alac Y A3l

*1,-4,9,-16,25,.... N=0,1,2,3,.....
*a, = (=D"*(n+1)?

*0,3,8,15,24. N=1,2,3,.....
ca, =n?—1

e -3,-2,-1,0,1,.... N=1,2,3,...

*ap=n—4%
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e Exp(3):C,, = (—1)™* , alternating sequence. (s 3 0 52 505 e 2all)
n n

* N=1= (—1)1%=-1

e N= _12i_t?
N=2= (—1) =
°Cn—>0asn—>00,lim(_1) =0

n—>00 n
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lima
e Th: "= A- number, a,, > A,n — oo (converge)
n — OO

* lim b,, = B - number , b, » B,n — o (converge)

°¥;;on:—1) li_I)rolo(an+bn)=A+B
¢ 2) li_1>r010(a:—bn) =A—B

 3) ﬁ'_r)glok(an) = kA

+ 4) lim (a,b,) = AB

a, A

5 lim —==,B#0

Nn—>00 bn B ’
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V5

« Exp(1): lim —= = —/5 lim ~ =-v/5(0) = 0
n-oco n n-oon
7n—-3 7 1
" Exp(2): rltl—{go 5+14n 14 2
7n—3
* Exp (3): 111_1){)1() - 1anz Z8r0
7n3-3

=00

* Exp(4) : lim

n—oo 5+14n
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Sandwich th: | need to know lim b, if a,, < b,, < ¢,, forall n and

I I limb,,
. lima, _ lime, then im by, _
n — OO n — OO n — OO
Exp(1): Check convergence / divergence
_—1S5mn hm——O 11m——0thenb ST lim snn =0
n n TL n—>oo7’l 2n—>oo n n-oco N
EXp(2) hm sm n 0 S sin“ n < i
nooo 2M ’2m 21 2n -
im0 =0, llm——OthenbyST lim >—— = (
n— oo > nooo 2N n—>oo 2N
Exp(3 hm( 1)"— —<( 1)" <;
lim —1 =0 1%13301 = 0 then by ST lim (— 1)" L =
n-oo N n n—-oo
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* Th(5) (6 cases)

Inn

* 1) ]lim —=0
n-oo n
. Inn3 . 3lnn _ Inn
 Exp: lim = lim = lim—=20
n-oo 3n n—oo 3N n—-oo N
2) limnyn =1
Nn—o>00
In n 1%1_)r£101nn ©
* Exp(): lim 52 = im0
n 1
e Exp(2): lim Vn3 = lim (n3)n = 11m (nn) =(1)3 =1
Nn—o00 Nn—o>00
1 1 1

e Exp(3): lim “/7n = lim (7)n (n)n = lim (77)n=1
Nn—>00 Nn—>00 71— CO
1

e 3) limxn = 1 when x>0

n—-0o
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4)If -1<x<1 = then lim (x)" =0

n—00

Exp(1): lim (l)n =0

n—>00

Exp(2): lim ('?Z)n ~ 0

n—>00
—Tl

Exp(3): lim — =

n—oo € —n

5) lim (1 +;) =

n—->00

lim (1 — E)n = e 1=2

lim

n—00

ex

)" =im() =0

n—oo n n e
Exp: lim (1 +§) = ¢3
n—>%o n
6) lim == 0 for any x
n—-oo n! 1n
n n
: lim 2——O lim ——O lim 7T——O
n—-oo nl! n—>oo n! n—-oo nl!

Exp(2): lim (n—ﬂ)

n-oo \n—1

lim (1+2)7 5
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n
= lim (n 1+2) = lim (1 +ﬁ) , letu=n-1 =>n =u+1

n—>00

(1+2)(1+ §)u=(1+0)(e2) = ¢?

lim

Uu—00

n-—1 n—oo
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Recursive sequence

*Exp:a; =1,a,,41 =

1
—a
2

n

* Assume this sequence converges find its limit

*dy = A141

* as A2+1

Oan
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* Def:a sequence is bounded from above if 3 number M\s‘uch thata,, <M
foralln 353l JS (e ) 58 (sie (e 4ain

* Asequence {a,}is bounded from below if 3 a number m such that a,
>m forall n

a3aall JS (e rual (58 (saie (e dua oB)
* Asequence. {a,} is bounded If it is bounded from above and from
below

* Asequence. {a,} is not bounded If itis not bounded from above or
from below

* Exp:....,-2,-1,0,1,2,3,..... (not bounded sequence)
* Asequence{a,}is nondecreasingifa,, < a,,qforallna, <a, <as..
* Asequence{a,}is nonincreasingifa, < a,,q forallna; =2 a, = as ...

* The. sequence {a,;} monotomic if itis either non decreasing or non
Increasing
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* Exp(1):1,2,3,4,5,....N. a, =n,n=1,23,.....
o 184l xe 38l g (non decreasing &monotomic)
* lima, = limn = o (Diverges)

Nn—>00 Nn—>00
* m=1,0,-1,-2,-3,.... a,isonlybounded from below so its not bounded
Greatest lower bound
111 1 1\
EXP(2): 1, = U YPTERT b, = (E) n =0,1,2,3,...(converges)

o Jai gl aa J;M\:(NON INCREASING &monotomic)
* b, is bounded from above and below (bounded)
e M=1,2,3,.... m=0,-1,-2,...

Least upper. Bound
Greatest lower bound
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* Exp(3): 3,3,3,3,.... ¢, = 3. n=1,2,3,... (converges to 3)
* ¢, Ishon decreasing & non increasing & monotomic

* And its bounded from below and above (Bounded)
* M=3,4,5,.. m=3,2,1,,....

/ Greatest. Lower bound

Least upper bound

Exp(4):1,-1,1,-1,... (hot monotomic)
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* Th: if a sequence. {a,,} is both bounded & monotomic then a,, is converges

1

Exp:a, = ~ n= 1,2,3, ...
=111
273’
1)Findm, M
M=1,2,3,,....
m=0,-1,-2

2) does a,,monotomic ?

a, ls non increasing ,so yes its monotomic
3) does a,, bounded?
Yes, since we found M, m

4) does a,, converges?

Yes, since a,, monotomic and bounded

lima, = llml———O

SII"UDENTS HuyERedm

Uploaded By: anonymous



-OUTLINE SOLUTION
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FIND THE VALUES OF A1 ,A2,A3 AND A4.

4, a, = 2 + (—1)"
g =24+(-Dl=l,aa=2+(-1) =3, a3=2+(—-1)=1La=2+(—-D*=3

WRITE OUT THE FIRST TEN TERMS OF THE SEQUENCE.

10. ay = —2, ay+1 = na,/(n + 1)

(= 2.(—1 3.(— 2 4-(— L
a=-2a="7"=-la="00=—1a= (41):_5335— (ﬂ):_%aﬂﬁ__%
2 1 2 _ 1
aT__?aaS__Zaag _gaal[}__g
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FIND & FORMULA FOR THE N TH TERM OF THE
SEQUENCE

1 1 1 1
16. The sequence 1,—1, o 1625

an_{l)nil n_12
22. The sequence 2, 6, 10, 14, 18, ..
a, =4n—-2,n=1,2, ...

26. The sequence 0, 1,1, 2, 2, 3, 3,4,...

-2 =

n——+(lw n
a, = ; ():Lﬁj,nzl,z...

2n + 1

1 —3Vha

2n+1 lim 2\'[ (\71-)
"S‘FUDE‘N/”FS IHIU*SOCOI{W- 3)

30. q, =

= —oo = diverges
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WHICH OF THE SEQUENCES CONVERGE, AND WHICH DIVERGE? FIND THE LIMIT OF
EACH CONVERGENT SEQUENCE.

2n + 1
30. g, =
1 =3Vha
2¢/n + (-
lim -2l — 1im v ("’“) = —oo0 = diverges
n—oo 1—3/n n — oo (—J;——B)
\/l]

36. a, = (—1)" (1 - %)

N n 1 . .
nll}m:)C (—1) (1 — E) does not exist = diverges

1

42, a, =

(0.9)"
Clim ﬁ = lim (%])“ = oo = diverges
n
47. a, — ?
. . . A
n&mm on = nll}mm 7 }nﬂ = (0 = converges (using I'Hopital's rule)
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48. a, = —
" n3
. 3. 3"n3 _ 3"(In 3)? - 3"(In 3)
nllrmoo n " n llpmoo 3n2 nllpmoo 6n n llpmoo 6
Inn
50.
" In2n
. In n - (ﬁ)
lim = lim 35 =1 = converges
n— oo In 2n n— O (ﬁ)

lim (1-1)"= tim_ |1

oo

1

n— 2 n— oo
59 Inn
P n 1/n
li In n n&m@ Inn
n l)moo nl/n nirgg nl/n
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— oo = diverges (using 1'Hopital's rule)

+ %} el = converges (Theorem 5, #5)

oo = diverges

(Theorem 5, #2)
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62. a, = V321

lim /32! = lim 32t(/m = Jim 32.3/"=9.1=9 = converges (Theorem 5, #3)

I — 2Q n— oo n-— oo

!
63. a, = % (Hint: Compare with 1/n.)

. 1 . P R S — . 1 . |
lim & = [im 23-@-DO o p3y (l) —0and % >0 = lim 2 =0 = converges
n— oo n n— oo n-n-n---n-n n-— oo \n n n—oo n

69. a, = @z i i) 7. a, = (1 —iz)

n
(321)" = lim_exp (nln (1)) = lim_ exp (Menstphcn-0)

n

Iim
n— oo

In+1  3n—1 6n2

3 3
BT 1 _ 6\ _ .2/3
= lim _exp ( ) ) = lim exp ((311-1-1)(311—1)) = exp (9) = e“/? = converges

(- &
72. ay = (1 - iz)
n
1 2 1
lim (1 — nl—g)n = lim_ exp (nln (l — niz)) = lim_exp (ln(l(l E) ) = lim_exp [(“_g)/(l E)]

n— 0o n— oo n— oo (_1)
n2

ﬁrlw_ibﬂgoNé'ﬁalflgéﬂp)aﬁi e’ =1 = converges Uploaded By: anonymous




77. a, = T — 1 sin
: 2 gin (L : sin (1) . — (cos (3 )(_15) . —cos (1)
Clim G = i L_ — lim "/ — lim 1. — L = converges
n— oo 2n—1 n— oo (%_n_lf) n— oo (‘fﬁ"‘fj) n— oo —24—{;} 2 g
82. a, = Ltf.-l:n_l n
Vn
lim —“=tan'n=0-Z =0 = converges
n— oo 75 2 g
1 /"1
89. ay — E[ de
In
lim & f ldx= lim 2= |im =0 = converges (Theorem 5, #1)
n— oo I 1 A n— oo n n— ~o n
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CONVERGES AND FIND ITS LIMIT

95. a1 = 5, a,+1 = VSa,

Since a, converges = lim a, =L = lim a,,; = lim 4/5a;:
[1 — DO n — oC n— o0

L=+5L=12—-5L=0=L=0orL = 5; since

a, >0forn>1=L =5
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