Call2.
(1)

Q1

”ﬁ” [0.10 penalty]

If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-

ample, 1 is accepted but not %), and if it is negative and the

2 )
[b]

answer boxes (such as have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logz = log, x, not log, .
Complete the formulae.

[e]

cos(2?) = [a]+ [blr + [ch? +[d]® + :v4 +o(z") as x — 0.

[al:

”m” [1 point]

1 v | |
bl

([ NumERICAL || [1 point]

0 v | |
[c]:

[ NuMERICAL || [1 point]

0 v | |
[d]

”m” [1 point]

0 v | |
[e]:

([ numERICAL || [5 points]

-1V | |
R:

[ NuMERICAL || [1 point]

P | |

2
e :+$+$2+x3+x4+0(x4) as ¢ — 0.

1

— 2

[ NuMERICAL || [2 points]

2 v




[h}
([ NumERICAL || [1 point]

% |

[i]:
([ NumERICAL || [3 points]

3 v |

H:

[ NuMERICAL || [1 point]

0 v |

[k}
([ NumERICAL || [3 pointsJ

El |

as x — 0.

xsm( ) —I—-m+-x +@x

(1}
([ numERICAL || [1 point]

%x4+0 x*)

0 v |

m;

[ NuMERICAL || [1 point]

0 v |

[n]:
([ numERICAL || [1 point]

0 v |

[o]:
([ numERICAL || [1 point]

0 v |

([ NumERICAL || [3 points]

1V |

@:

[ NuMERICAL || [3 points]

3 v

For various «, 8,7 € R, study the limit:

" f+§2 +$bln(3) a — Ba?

20 cos(z?) —




3

Let « = 0,5 = 0. In this case, choose all the values of v for
which this limit diverges.

([ MLt || [10 points] [Single] Shuffle

® 6 6 6 6 6 o6 o o o o o
\/\/—\Mh—‘ —olw DNowolot QO

Wl N lw o~ O

Let v = 1. In this case, the limit converges only for the

values a =[r], 8 =[s]
[r]:

([ numERICAL || [5 points]

2 v | |
[s]:

[ NuMERICAL || [5 points]

3 Y | |

In that case, the limit is =.

[t]

”m” [5 points]

20 v | |
[ul

”m” [5 points}

ER% | |




Use the Taylor formula f(z) = f(0)+ f'(0)z+ 4 f”(0)z*+

3O (z)z® + %(4)(0):174 +o(z*) as * — 0. If the expansion
of f(z) and g(z) are known, the product f(z)g(z) can
be obtained by taking the product of expansions. The
composition (for example f(2?)) can be obtained by sub-
stituting the expansion of f(y) by y = 2.

If « = 8 = 0, then the numerator has the expansion
2+0(x2), while the denominator is cos(2?) —y = 1—y—%,
so unless v # 1 this diverges.

To determine «, [, one only has to compare the nu-
mereator and the denominator and choose «, 3,y in such
a way that they have the same degree of infinitesimal (in
this case, both of them should be of order z%).

(2) Q1
”mu [0.10 penalty]

If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-

1

ample, 5 is accepted but not %), and if it is negative and the

2

answer boxes (such as

=)
b

-1

have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but }2 is not). logz = log, z, not log, .
Complete the formulae.

cos(322) =[a]+ |blr + [cl? + [d® + :c4 +o(z*) as © — 0.
[al:

[ NuMERICAL || [1 point]

1V |

([ numERICAL || [1 pointJ

0 v |

[c]:
([ NumERICAL || [1 point]

[0 v |

([ NumERICAL || [1 point]




% |

[e]:
([ NumERICAL || [5 pointsJ

El |

il
([ numERICAL || [1 point]

2 v |

.—i—.x—i—.x x 34 klzt + o(z?) as z — 0.

([ numERICAL || [2 points]

EN |

&

[ NuMERICAL || [1 point]

0 v |

[i]:

[ NuMERICAL || [3 points]

2 v |

B

([ NumERICAL || [1 point]

0 v |

[k}
([ NumERICAL || [3 points]

2 v |

a:sm( > 1]+ [mz + [0z + [ok® + @x4+0 a') as x — 0.

1]
([ NumERICAL || [1 point]

0 v |

[m]
([ numERICAL || [1 point]

0 v |

[n]:
([ NumERICAL || [1 point]




% | |
o]

| NUME;{ICAL | [1 pointJ

0 v | |
@:

([ numERICAL || [3 points]

1V | |
@:

([ numERICAL || [3 points]

B | |
For various «, 5,7 € R, study the limit:

i i’:ij + xsin(%) — a — Ba?

20 2 cos(322) —

Let a = 0,8 = 0. In this case, choose all the values of ~ for
which this limit diverges.

([ muLTI [10 points] [Single] Shuffle

e —3 (—100%)
. 3 (—100%)
e —2 (—100%)
° —% (—100%)
e —1 (—100%)
° —% (—100%)
e 0 (—100%)
e 1 (—100%)
e 1 (—100%)
° é\(/—l()o%)
.

e 2 (—100%)
e 3 (—100%)

Let v = 2. In this case, the limit converges only for the

values a =[r], 8 =[s]
[r]:

([ numERICAL || [5 points]

3 v | |
[s]:

[ NuMERICAL || [5 points]

2 v | |




In that case, the limit is =.

t
( NRICAL [ [5 points]
[-11 v \ |
[ul
”WH [5 points]
[45 v \ |
(3) Q1
[[crLoze | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-
ample, I is accepted but not %), and if it is negative and the

2

answer boxes (such as @) have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logz = log, x, not log, .
Complete the formulae.

cos(522) = [a]+ | blr + [cle? + [d ® + x4 +o(z') as z — 0.

[al:

”m” [1 point]

% | |
bl

([ numERICAL || [1 point]

0 v | |
[c]:

[ NuMERICAL || [1 point]

0 v | |
[d]

”WH [1 pointJ

0 v | |
[e]:

([ NumERICAL || [5 points]

-25 v \ |
R:

”m” [1 point]




2 v |

x2 :+x+x2+$3+1’4+0(a¢4) as ¢ — 0.

([ numERICAL || [2 points]

4 v |

0

[ NuMERICAL || [1 point]

0V |

]

[ NuMERICAL || [3 points]

EN |

H:

([ NumERICAL || [1 point]

[0 v |

[k}
([ NumERICAL || [3 points]

3V |

as x — 0.

xsm( ) +-m+-x +@x
1]

[ NuMERICAL || [1 point]

%x4+0 x*)

0 v |

[m]
([ numERICAL || [1 point]

0 v |

[n]:
([ numERICAL || [1 point]

0 v |

[o]:

[ NuMERICAL || [1 point]

0 v |

([ NumERICAL || [3 points]




1V | |
@:

”W” [3 points]

2 v | |
For various «, 3,7 € R, study the limit:

. ol | rsin(%) —a — fa?

z—0 3cos(bx?) — vy

Let « = 0,8 = 0. In this case, choose all the values of ~ for
which this limit diverges.

” MULTI H [10 points] [Single] Shuffle

e —3 (—100%)

° —g (—100%)

e —2 (—100%)

° —% (—100%)

e —1 (—100%)

o —L (~100%)

e 0 (—100%)

° % (—100%)

e 1 (—100%)

o 3 (—100%)

e 2 (—100%)

° g (—100%)

o3V

Let v = 3. In this case, the limit converges only for the
values a =[1], 8 = [s]

[r]:
”WH [ 5 points ]
4 v | |
[s]:
([ numERICAL || [5 points]
ER% | |
Lt]

In that case, the limit is

[t]

([ numERICAL || [5 points]

TV |
[ul:

”m” [5 points]
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|75V \ |

(4) Q2

[[cLoze | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-

sibly 0 or negative). A fraction should be reduced (for ex-

ample, 1 is accepted but not %), and if it is negative and the

2

answer boxes (such as E) have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logz = log, x, not log, .

Let us study the following series Y~ ((7:3)((—;;11))2@ — 1),
with various x.

This series makes sense also for z € C. For z = i/3 , calculate
2 (~1rEnol) on _ (8] :
n=0 m(]]—l) —E+E\/§Z

the partial sum )
.

| NUI\/[E.RICAL | [2 pointsJ

-17 v \ |
(bl

([ numERICAL || [2 points]

180 v \ |
[c]:

”m” [2 points]

147 \ |
[d]

([ numERICAL || [2 points]

180 v \ |

In order to use the root test for z € R, we put a,, = %(m—

1)?". Complete the formula.

tim (o)t = e+ )1
[e]:
Fomon] (2rome)
4 v | |

[£]:

[ NuMERICAL || [2 points]

ERY% | |
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[ NuMERICAL || [1 point]

% | |
Iy

”m” [2 points}

1Y | |
lil:

”W” [1 point]

2 v | , |
Therefore, by the root test, the series converges absolutely

for <x< .
B

([ numERICAL || [6 points]

1Y | |
[k}

”m” [2 points]

2 Y | |

1]
([ NumERICAL || [6 points]
5 v | |
[m]:
[ NuMERICAL || [2 points]
2 | |
For the case x = —1, the series
|| [8 points] [Single] Shuffle
e converges absolutely.
e converges but not absolutely.
o diverges. v’
For the case x = —%, the series
” MULTI H [8 points] [Single] Shuffle
e converges absolutely.
e converges but not absolutely. v/
e diverges.
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The partial sum means the following finite sum:
Zi:o a, = ag+ai+asq, so one just has to apply n =0, 1, 2
in the concrete series and sum the numbers up. Notice
that 2 = —1. One can compute (1 4 iv/3)* by using the
fact that 1 + iv/3 = 2(cos 5 +isin §).

To apply the root test for a positive series »_ a,, one
considers L = lim,_,o(a,)=. Note that (4" — 1) — 4,
etc.

If this limit L < 1, then the series converges absolutely
(for such z), while if L > 1 the series diverges. a,, depends
on z, and this gives us a condition for which the series
converges. That is glz + 1> <1, or =3 <z +1< 32

If L =1, one needs to study the convergence with other
criteria. In this case, if v = —g, then a,, is behaves asymp-
totically as (;41_)1"7 which converges by the Leibniz crite-
rion, so it also converges.

\.

(5) Q2

[[crLoze | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-

ample, 1 is accepted but not %), and if it is negative and the

2 )
[b]

answer boxes (such as have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logx = log, x, not log,, x.
1yrar—1)

2n
"o e (T D)

Let us study the following series > °°

with various z.
This series makes sense also for x € C. For z = iv/3, calculate

the partial sum Zn 0 %( +1) = % + \/32
[a]:

”m” [2 points}

[-17 v \ |

([ numERICAL || [2 points]

180 v \ |
[c]:

([ NumERICAL || [2 points]
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|47 \ |
dl

([ numERICAL || [2 points]

180 v \ |

(4"-1)
(nt1)(37+1)2 (z+

In order to use the root test for z € R, we put a,, =

1)?". Complete the formula.

hm (a,) %:-| ZL‘—|—|.
A B

[e]:

([ numERICAL || [2 points]

4 v | |
R:

”m” [2 points]

ER | |
:

”W” [1 point]

1V | |
h

([ numERICAL || [2 points]

1V | |
0

([ numERICAL || [1 point]

2 Y | . |
Therefore, by the root test, the series converges absolutely

for <z < .
H:

[ NuMERICAL || [6 points]

B | |
!

o] (Zpoms)

2 v | |

1]

[ NuMERICAL || [6 points]

1 | |
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[m]:
([ NumERICAL || [2 points]
27 |
For the case x = —1, the series
|MULTI | [8 points] [Single] Shuffle
e converges absolutely. v/
e converges but not absolutely.
e diverges.
For the case z = —g, the series
”WH [8 points] [Single] Shuffle
e converges absolutely.
e converges but not absolutely. v/
e diverges.

(6) Q2

| CLOZE | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-

sibly 0 or negative). A fraction should be reduced (for ex-

ample, L is accepted but not %), and if it is negative and the

y B

answer boxes (such as =) have ambiguity, the negative sign

should be put on the numerator (for example _71 is accepted
but = is not). logz = log, x, not log, .

Let us study the following series >, %(m + 1),
with various x.

This series makes sense also for x € C. For z = i/3, calculate

: 2 3n-3)2 n_ .
the partial sum » . _, m@ F1)2 = % I ﬁﬁ@
.

([ numERICAL || [2 points]

|62 v \ |
b

”m” [2 points]

117 v \ |
[c]:

”m” [2 points}

1-96 v/ \ |
[d}

([ numERICAL || [2 points]

(17 v \ |
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(37-3)?

G (@t

In order to use the root test for z € R, we put a,, =
1)?". Complete the formula.

: 1 [e]
Jim (o) = 8] + @l

[e]:

[ NuMERICAL || [2 points]

4 | |
B

o] (Zpoms)

4 v | |
:

([ NumERICAL || [1 point]

1V | |
o

[ NuMERICAL || [2 points]

1V | |
i

[ NuMERICAL || [1 point]

2 Y | |
Therefore, by the root test, the series converges absolutely

for <z< .
H:

”W” [6 points ]

-5 v | |
[k}

([ NumERICAL || [2 points]

B4 | |
[1]:

”m” [6 points]

LY | |
[m]:

o] (Zpoms)

3 v | |
For the case x = —1, the series

([ MLt || [8 points] [Single] Shuffle
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e converges absolutely. v/

e converges but not absolutely.

e diverges.

For the case x = —%, the series
|| [8 points] [Single] Shuffle

e converges absolutely.

e converges but not absolutely.

o diverges. v’

(7) Q2

” CLOZE H [0.10 ponalty]
If not specified otherwise, fill in the blanks with integers (pos-

sibly 0 or negative). A fraction should be reduced (for ex-

ample, 1 is accepted but not Z%), and if it is negative and the

; @]

answer boxes (such as E) have ambiguity, the negative sign

should be put on the numerator (for example _71 is accepted
but }2 is not). loga = log, z, not log, .

Let us study the following series Y - %( — 1),
with various x.

This series makes sense also for z € C. For z = iy/3, calculate
B8 _(p— 1) = % + \/52'.

: 2
the partial sum - _, T DETD
[a]:

[ NuMERICAL || [2 points]
[-62 v \ |
b

o] (2 pom)

117 v \ |
[c]:

([ numERICAL || [2 points]

196 v \ |
[d]

”m” [2 points]

117 v \ |

In order to use the root test for z € R, we put a,, = %(m—

1)?". Complete the formula.

. 1 i
Jim (o) = 8+ )l



[e]:
([ NumERICAL || [2 points]

BN

B:
([ numERICAL || [2 points]

1V

([ numERICAL || [1 point]

1V

;
([ NumERICAL || [2 points]

17

[i]:

[ NuMERICAL || [1 point]

BN

|

17

Therefore, by the root test, the series converges absolutely

f0r<m<.
:

[unemion] (5 points]

1v

k|

[ NuMERICAL || [2 points]

3 v

[1]:
([ numERICAL || [6 points]

5 v

[m}
([ numERICAL || [2 points]

3 v

|

For the case v = —1, the series

([ MLt || [8 points] [Single] Shuffle

e converges absolutely. v/

e converges but not absolutely.

e diverges.

For the case x = %, the series

| MULTI | [8 points] [Single] Shuffle
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e converges absolutely.
e converges but not absolutely.
e diverges. v’

(8) Q3

|| [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-

sibly 0 or negative). A fraction should be reduced (for ex-

ample, L is accepted but not %), and if it is negative and the

X a]

answer boxes (such as =) have ambiguity, the negative sign

should be put on the numerator (for example ’71 is accepted
but = is not). logz = log, x, not logy, .

Let us consider the following function

2+ 2
=log ————.
fl@) =log 55
The function f(x) is not defined on the whole real line R.
Choose all the points that are not in the natural domain of
f(z).
|MULTI | [4 points] [Single] Shuffle

e —3 (—100%)
° —g (—100%)
e —2 (—100%)
o 2 (—100%)
e —1 (—100%)
o —1 (—100%)
e 0 (—100%)
e 1 (~100%)
o1V

) % v

2V

o 3 (~100%)
e 3 (—100%)

Choose all asymptotes of f(x).
| MULTI | [4 points] [Single] Shuffle

o y=—1(—-100%)
o y=0V

e y=1(—-100%)
o r=—2(—100%)
e x=—1(—-100%)
e =0 (—100%)
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er=1V
er =2V
o y=u/2(—100%)
e y=2x/2+1(—100%)
e y=2x (—100%)
o y=x+1(—-100%)
o y =2z (—100%)
o y=2x+1(-100%)
o y=—x/2(—100%)
o y=—x/2+1(-100%)
o y=—x (—100%)
o y=—x+1(—100%)
o y=—2x (—100%)
o y=—2rx+1 (—100%)
One has
a
=g
[a]:
”m” [4 points]
1V | |

| N%MCAL | [4 points]

% | |
The function f(x) has [c] stationary point(s) in the domain
[c]:

([ NumERICAL || [4 points]

1V |

Choose the behaviour of f(z) in the interval (3,5).

|MULTI | [4 points] [Single] Shuffle
e monotonically decreasing v*

e monotonically increasing
e neither decreasing nor increasing
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To determine the natural domain of a function, it is
enough to observe the components. For example, logy
is defined for y > 0, y%a is defined only for y # a, etc.
It is enought to exclude all such points where the com-
posed function is not defined. In this case, xf_z ;; 2+2 > 0,
while 22 + 2 > 0, so this imposes that 0 < 22 — 3z + 2 =
(x —1)(z —2), that is x < 1 or = > 2.

There can be asymptotes for + — +o0, and for z — a,
where a is a boundary of the domain. In this case, one
should check x — 1,2,+00. # — 1,2 give infinity, so
there are vertical asymptote there. As for x — +oo,
xz’f_z?;% — 1, so f(z) tends to 0, and y = 0 is a horizontal
asymptote.

For the derivative, the chain rule (f(g(x))) =

g (x)f'(g(x)) is wuseful. In this case, f(2)

242 ' _ 22342  2z(z®—3x42)—(z?+1)(222-3) _
log 2—31+2" f (l‘) — 242 (m2_3x+2)2 -
—3(z2-2))

(z242)(x2—3x+2)2 "

If f'(zg) = 0, x¢ is called a stationary point. In this
case, Ty = —/2 because /2 is not in the domain. From
the formula above for f'(z), we see that f'(x) < 0 for
x € (3,5).

(9) Q3

| CLOZE | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-

sibly 0 or negative). A fraction should be reduced (for ex-
ample, % is accepted but not %), and if it is negative and the

[a]

answer boxes (such as E) have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but }2 is not). loga = log, =, not logy, .
Let us consider the following function
(x+1)*+2
=log —F——.
f(z) = log 1)
The function f(x) is not defined on the whole real line R.
Choose all the points that are not in the natural domain of

f().
” MULTI H [4 points] [Single] Shuffle
e —3 (—100%)




(—100%)
(—100%)
(—100%)
(

N NONw o~ O

—100%)
oose all asymptotes of f(z).
|MULTI| [4 points] [Single] Shuffle
o y=—1(—-100%)
e y=0V
e y=1(—100%)
o r =—2(—100%)
e r=—1(—100%)
ez =0V
er=1V
e =2 (—100%)
o y=u/2(—100%)
o y=u/2+1(-100%)
o y=2a (—100%)
o y=x+1(—100%)
o y=2x (—100%)
o y=2x+1(-100%)
o y=—x/2(—100%)
o y=—x/2+1(—-100%)
o y=—z (—100%)
o y=—x+1(—100%)
o y=—2x (—100%)
o y=—2x+1(-100%)
One has

Qe © ¢ ¢ ¢ ¢ ¢ ©¢ ¢ ¢ o0 o

=

.

([ numERICAL || [4 pointsJ

EN |

[bl:
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[ NuMERICAL || [4 points]

2 | |
The function f(x) has [c] stationary point(s) in the domain
[c]:

([ NumERICAL || [4 points]

i |

Choose the behaviour of f(x) in the interval (—3,—2).

([ MLt || [4 points] [Single] Shuffle
e monotonically decreasing
e monotonically increasing
e neither decreasing nor increasing v’

|

(10) Q3

| CLOZE | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-

sibly 0 or negative). A fraction should be reduced (for ex-
ample, % is accepted but not %), and if it is negative and the

[a]

answer boxes (such as E) have ambiguity, the negative sign

should be put on the numerator (for example _71 is accepted
but }2 is not). logz = log, =, not log;, .
Let us consider the following function

(x+2)%+2
=log——FF——.
f(w) = log z(z+1)
The function f(z) is not defined on the whole real line R.
Choose all the points that are not in the natural domain of

().
”W” [4 points] [Single] Shuffle

(—100%
(—100%
(—100%
(—100%
(—100%
(—100%

— L — L —
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Choose all asymptotes of f(x).
”W” [4 points] [Single] Shuffle

o y=—1(—-100%)
e y=0V
e y=1(—100%)
o r=—2(—100%)
er=—-1V
er=0V
o r=1(—100%)
o r=2(—100%)
o y=u/2(—100%)
o y=2x/2+1(—-100%)
o y=2x (—100%)
e y=x+1(—100%)
o y =21 (—100%)
o y=2z+1(-100%)
o y=—x/2(—100%)
o y=—x/2+1(-100%)
o y=—x (—100%)
e y=—x+1(-100%)
o y=—2x (—100%)
o y=—2r+1(—100%)
One has o)
') ==
b]
[a]:
”m” [4 points]
21 v | |

| N%MCAL | [4 points]

122 v \ |
The function f(x) has [c] stationary point(s) in the domain
[c]:

([ NumERICAL || [4 points]

1V |

Choose the behaviour of f(x) in the interval (—2,—1).

|MULTI | [4 points] [Single] Shuffle
e monotonically decreasing
e monotonically increasing v*

e neither decreasing nor increasing

|
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(1) Q4

([cLoze | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-

sibly 0 or negative). A fraction should be reduced (for ex-

ample, 1 is accepted but not %), and if it is negative and the

2 )
[b]

answer boxes (such as have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logz = log, x, not log, .
Let us calculate the following integral.

log 3 1_'_ 2z
/ ¢ dz.
1 e — 1

og 2

Let us apply the change of variables x = logt. Then we have

/1°g31+e2$d _/@t2+@t+@
! &) £ +[e]t+[h]

- =
0g2 € —1

[al:

([ numERICAL || [4 points]

2 v | |
b

”W” [4 points]

3 v | |
[c]:

([ numERICAL || [2 points]

1 | |
[d]

[ NuMERICAL || [1 point]

0 v | |
[e]:

”W” [2 points]

1 v | |
T

([ NumERICAL || [1 point]

1V | |

[ NuMERICAL || [1 point]

Y | |




[h}
([ NumERICAL || [1 point]
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v |
Choose a primitive of ﬁ
”W” [8 points] [Single] Shuffle
o loglt + 1]
o log|t(t — 1)

o log [t/ (t — 1)
o log (t — 1)/1]

o loglt—1| v
o log |t? — 1]
e log |t? —1|/2

1/t+1/(t—1)
1/t—1/(t—1)

t arctan(t)

arctan(t — 1)
arctan((t — 1)/2)
By continuing, we get

log31+62x . .
/1 _1da::+log2+log3.

X
og 2 €

[i]
([ NumERICAL || [8 points]

1V |

.

([ numERICAL || [8 pointsJ

EN |

;
([ NumERICAL || [8 points]

BN |

By the change of the variables x = logt, ¢ = t and we
also have %2 = 1 go (%83 Lte g, f3 L,

dt 1) log2 er—1 2 (t—1)t
2
Furthermore, % =1+ (tt%ll)t =1+ ;% — 1, and they

can be integrated separately.

(12) Q4

([crLoze | [0.10 penalty]
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If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-
ample, I is accepted but not %), and if it is negative and the

3

answer boxes (such as E) have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logz = log, x, not log, .
Let us calculate the following integral.

log 4 1 2x
/ +e dz.
1

g3 et —1

Let us apply the change of variables x = logt. Then we have

/10g41+62zdw_/@t2 +@t+@
ogs € — 1 &) [ +[e]t+[h]

og3

[al:

([ numERICAL || [4 points]

ER | |
o]

[ NuMERICAL || [4 points]

4 v | |
[c]:

”W” [ 2 points ]

1V | |
[d]

([ NumERICAL || [1 point]

0 v | |
[e]:

[ NuMERICAL || [2 points]

v | |
B

o] (Trom)

1 | |
:

([ NumERICAL || [1 point]

-1V | |
(b

”m” [1 point]
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% |

Choose a primitive of ﬁ

”WH [8 points] [Single] Shuffle

e log|t+ 1|

o log|t(t — 1)

o loglt/(t—1)

e log|(t—1)/t| v

e log|t — 1]

e log|t? — 1]
log |t? — 1]/2
1/t+1/(t—1)
1/t—1/(t—1)
t arctan(t)
arctan(t — 1)
arctan((t — 1)/2)
By continuing, we get

log 4 2x
/lg Lte da:=—|—log2+log3.

x
0g3 € —1

[i]:
”m” [8 points]
1V | |

B

[ NuMERICAL || [8 points]
4V | |

o
”&” [8 points]
3 v | |
(13) Q4
”ﬁ” [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-

ample, I is accepted but not %), and if it is negative and the

2

answer boxes (such as =) have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logz = log, x, not logy, .



Let us calculate the following integral.

log 4 1 4 6255
/ dx.
1 e —1

og2

Let us apply the change of variables x = logt. Then we have

/10g41+62xdx_/@t2 —f-@t-f‘@
gz € — 1 ) £} +[g}t+[h]

og 2

[al:

([ numERICAL || [4 points]

2 v | |
b

”W” [4 points]

4 v | |
[c]:

([ numERICAL || [2 points]

1 | |
[d]

[ NuMERICAL || [1 point]

0 v | |
[e]:

”W” [2 points]

1 v | |
B

([ NumERICAL || [1 point]

1 v | |
:

([ numERICAL || [1 point]

-1 v | |
(h

”m” [1 point]

% | |

Choose a primitive of ttil).

|MULTI| [8 points] [Single] Shuffle
o {+loglt + 1|
o log [t( — 1)
o t+loglt/(t—1)]
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o log|(t — 1)/
et+logl|t—1| v

o log[t? — 1]

log [t* — 1|/2
1/t+1/(t—1)
1/t—1/(t—1)

t arctan(t)

arctan(t — 1)
arctan((t — 1)/2)
By continuing, we get

log 4 2z
/log Lte dx:+log2—|—log3.

0g 2 e —1

[i]:
”m” [8 points]
2 Y | |

B

[ NuMERICAL || [8 points]
-1 v | |

i
”NUEW” [8 points]
2 v | |
(14) Q5
”ﬁ” [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-

ample, I is accepted but not %), and if it is negative and the

2

answer boxes (such as E) have ambiguity, the negative sign

should be put on the numerator (for example ’71 is accepted
but = is not). logz = log, x, not log, .

Consider the following improper integral for various a € R.
*  sinx
—dx
/0 x(z +1)

Complete the formulae.

:@+@x+x2+o(x2) as x — 0.

sin 3x
z+1

[a]:
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[ NuMERICAL || [1 point]

0 @/ | |

([ numERICAL || [1 point]

3 Y | |
[c]:

([ NumERICAL || [2 points]

EX —— |
Choose all values of a such that fol sinde_ 7 is convergent.

% (z+1)
([ ML || [8 points] [Single] Shuffle
e 3V

[ N
SENENENEN

g\ (\ \ (\wh—t ol DNl

—100%)
—100%)
(—100%)

Choose all values of a such that floo miin 3¢_dx is convergent.

(a+1)
| MULTI | [8 points] [Single] Shuffle

—~

N W o~ O

e —3 (—100%)
o —3 (~100%)
e —2 (—100%)
° —% (—100%)
e —1 (—100%)
° —% v

o 0V

° % v

o1V

° % v

o2V

° g v

e 3V



(1
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Calculate the following improper integral.

/waQ:_ldx:%.
@

[xustercaL | (2 points

1V | |
[e]:

[yumericar | (2 points

2 v | |
01 xj(i;‘jfl)dx converges if xas(i;‘_fl) behaves asymptotically

as 7,y > —1 as x — 0. This can be studied by Taylor’s

formula On the other hand, f1 — Smfl) dx converges if

:co‘(w—l—l behaves asymptotically as 27,7 < —1 as x — 0.
As sinz is bounded, this holds if & > 0. The border-
line case a = 0 is also convergent because as a whole it
is asymptotically equal to S;if, which is convergent (not
absolutely).

Note that [ —

2 dr = arctan x.

5) Q5

| CLOZE | [0.10 penalty]
If not specified otherwise, fill in the blanks with integers (pos-
sibly 0 or negative). A fraction should be reduced (for ex-

ample, % is accepted but not %), and if it is negative and the

answer boxes (such as %) have ambiguity, the negative sign

should be put on the numerator (for example = is accepted

2
but = is not). logz = log, x, not logy, .
Consider the following improper integral for various a € R.

/ *©  sinx d
——dx

0o x%(x+1)

Complete the formulae.

Sin 7 —[a]+|blr +[cl® + o(z?) as z — 0.

(x+1)2

[a]:

([ NumERICAL || [1 point]
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0 @/ | |

([ numERICAL || [1 point]

v | |
[c]:

([ numERICAL || [2 points]

2 v | | |
Choose all values of o such that floo %dw is convergent.

|MULTI | [8 points] [Single] Shuffle

-3 (—100%)

(—100%)

e 6 6 6 6 ¢ o o o o o
ot N W = O

w
\

[ J
Choose all values of a such that fol snz__ dx is convergent.

z(xz+1)2
” MULTI H [8 points] [Single] Shuffle
e 3V

[ I N
SENENENEN

g\ «\ \ &\NIH ol Dot

—100%)
—100%)
~100%)

o NON|W o~ O

~ —



Calculate the following improper integral.

R
1 e+l [e]
([ NumERICAL || [1 point]

1V |

[e]:
[Fonsont] (3 pomes]

K |

Total of marks: 636
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