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UNIVERSITY OF NORTH BENGAL

B.Sc. Programme 4th Semester Examination, 2022

SEC1-P2-MATHEMATICS
Time Allotted: 2 Hours

The figures in the margin indicate full marks.
All symbols are of usual significance.

The question paper contains SEC2A and SEC2B.
The candidates are required to answer any one from two papers.
Candidates should mention it clearly on the Answer Book.

SEC2A
NUMBER THEORY

GROUP-A / Tol-3 / &
1. Answer any four questions:
- 516 e Ted mies
H IR YIEHd] IR AE
(a) Find the gcd(—-16, 40).
ged(—16, 40) -a3 M+ g 1)

(—16,40) & 1. |. 7. FU TR |
(b) Show that the integer 23456785 is divisible by 11.

e (@ 23456785 sr4nfo 11-7=t ey |

quiich 23456785 TS 11 & 9N S8 91 YHTT TR |
(c) Determine whether the following quadratic congruence has a solution or not:

x> =2 (mod 71)
e @@ congruence-9d I ST & 9t ©f fdizel $9¢ x> =2 (mod 71)
Quadratic congruence x* =2 (mod 71) @I HAETE § d 8o Gild TR |

Full Marks: 60

3x4=12

(d) Express 100 as a sum of two integers such that one is divisible by 11 and other 3

by 8.

100-F 76 #1FRAE @t R e 39 @A @3 11 =kt [erey ok o=

8 74l ey |

100 &% §3 YUlidha] ANTHAAT Ih TR ST USclals 11 o o1 el a8

8 o WIT SITeT |

(e) Show that the number 2" +1 or 2" —1 is divisible by 3, according as » is odd or 3

cven.

(S (T - TG TFA SN A T 2" +1 O 2" — -7 3 =il Krerey =41

[T 2" +1 AT 2" —1 A8 3 of 9T S0 9+ YA TR |
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(f) Find the last digit of 6% . 3
6% A o wrE(G e 411
6% 1 aifead s fofa |

GROUP-B / Rei-4 / wg-1

2. Answer any four questions: 6x4 =24
R BIAMG 2Cad Ted wies
Pl IR TTAEHD] IR I

(a) Solve the diophantine equation 12x+ 25y =331. 6
12x + 25y =331 diophantine FNFRADCE T 311

Diophantine @R 12x +25y =331 B AARM R |
(b) If a=b (mod n)), a=c(modn,), then prove that b =c (mod n), where n=nn,. 6

M ¢ =b (mod 1) 4R a=c (mod n,) I, O A
b=c(modn), @A n=nn,
AfE a=b(modn), a=c(modn,) WY, b=c(modn) B 9 YAUT IRY Si&l

n=nn,
(¢) (1)  State Wilson’s Theorem. 1+5
Wilson-a S Fesife 511

Wilson &7 SUUTEI Sl TR |
(i) Prove that 28!+ 233 =0 (mod 809).
e $9e 28!+233=0 (mod 809)
28!+233=0 (mod 809) B |+l UHIUT X |
(d) State Euclidean Algorithm. Use it to find ged (119, 272). 2+4
Euclidean Algorithm-f *kiffre 391 2210F 929 @ ged (119, 272)-a3 i+ e
4
Euclidean Algorithm IeeiRg TR 3 JHGT YART IR 1. |. [ (119, 272) &I
A T |
(e) Solve: x=5(mod 11), x=14 (mod 24), x=15(mod 31) 6
TG P98 x=5(mod 11), x=14 (mod 24), x=15(mod 31)
x=5(mod 11), x=14 (mod 24), x=15(mod 31) &I FHET R |
(f) The Fibonacci sequence 1, 1, 2, 3, 5, 8, 13, 21, ..... is defined by the recursion 6
formula a,,, =a, +a, , with a,=a, =1. Prove that gcd (a,, a,,,)=1 for each n.
1, 1, 2, 3, 5, 8, 13, 21, ... Fibonacci @b O e 9 a,=a,+a, , TR
a, = a, =1 R ARG | ;-7 e N &) &30 9 ged (a,, a,,,) =1

Fibonacci 3/&H 1, 1,2, 3,5, 8, 13, 21, ... &S recursion 93 a,,, =a,+a, , o
aRAIfT T8 SIEf ¢, =a, =1 O UAF n & AR a,a,, T F T 1 T
A= JHTOT TR |

n—1
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GROUP-C / eiol-at / -

Answer any fwo questions 12x2 =24
Q- 715 eid Ted wie
Bl 8 UTIEHD] IR I

3. If o, f #0 are Gaussian integers, prove that there exist integers u, p € Z[i], such 8+4

that a=uf+ p with | p|<| B|.
Show that x, p may not be unique.

A o, f(#0) Gaussian TR R O & F9 46 2PRAT 1, p e Z[i] KW=
qCS o= puf+p AR | pl<|B|
AT 1 QR p -GFF I8 (9 AN

afe o, B(#0) Gaussian YUlis WY Tl u, peZ[i] ISS, STl a=uf+p,
| pl<|B| T u, p AfGAT (unique) TgT U Fae 9T JHIOT TR |

4. (a) If 7+a, prove that either @’ +1 or a’ —1 is divisible by 7. 6+6
AW Ta T, AN, W o’ +1 9AA @’ —1, 7 =9 Koy
A 7ta, @’ +1 AT @’ —1 T8 o 9N A6 A= GAUT TR |
(b) Find the remainder when 444*** is divided by 9.
444** RIGCF 9 71 ©l9) FACE (@ Sl = o fovefr 311
9 o 444" 1S 9T TET IS WRRIY 0Ty TR |

5. (a) Employ Fermat’s Theorem to prove that, if p is an odd prime, then 4+4+4
1774277 437 g (p=1)P7 = ~1 (mod p)
M p - oY GNfeTss A 2, Fermat-a3 SR AR 2ol 1
1774277 4377 g (p=1)P7 = ~1 (mod p)
Fermat &1 SYUTEl YANT TRT YHIOT TR :
af§ p TICT odd prime HY, ¥4
1774277 4377 e (p=1)P7 = —1 (mod p) T T
(b) Show that 5* =4 (mod11).
&M 9 5 =4 (mod 11)
AT TR @ 5 =4 (mod 11)
© 1f p and ¢ are distinct primes such that a” =a (mod q), a? =a (mod p), then
prove that a”? =a (mod pq).
I p @R ¢ 7o Sl Gl IR AWCe ¢” =a (mod ¢) 9R a? =a (mod p) =,
WIREE &N 9 ¢! = a (mod pg) |
afs p M ¢ M= MU S a? =a(mod q), a?=a(mod p), B, THUT TR
a’ =a (mod pq)
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6. (a) Show that none of the members of the sequence 11,111, 1111, 11111,...... y rreeen is 4+4+4
a perfect square.
@A @ 11,11, 1111111, e, TR (IC! o8 7Jefasf 71
FFHH 1L, LTI T sy s DI H U AGH USST perfect @ Blg
AT JHIOT TR |

(b) Find all the inverses of 13 (mod 5).
13 (mod 5) -3 3F4 inverse-&fet e 521
13 (mod5) @I ¥ inverse {0l TR |

(c) Find all the units of Z[i].
Z[i]-93 e unit-@fe T 32
Z[i] BT A4 units 01T TR |

SEC2B
THEORY OF EQUATIONS

GROUP-A / T@l4-3 / A -%
I. Answer any four questions: 3x4 =12
- 516 e Ted mies
Pl IR TTAEHD] IR I
(@) If f(x)=x"—x"+2x*+6x—-2,then find f(x+2). 3
T f(x) =x* —xP +2x7 +6x -2, OIFE f(x+2) -43 A 7 791
AT fx)=x* =X +2x* +6x—-2 |Y, f(x+2) BT A4 7 R

(b) If the sum of two roots of the equation X+ px2 +gx+r=0 is zero, prove that 3
pg=r.
I X+ px>+gx+r=0 WWWW@WWQ,WWCTW pg=r
e ARABROT 1 + px’ +gx+7r=0 P g3 YIowd! B 0 9Q, pg=r B
A= JHTT TR |

(¢) If oo, B, 7 and & are the roots of the equation x* —x* +2x”+x+1=0, then find 3
the value of (¢ +1)(B+1)(y+1)(0+1).

Iy - +2x7+x+1=0 ATFACR JS@REN @, B,y G9R 6 T, OE
(@+D(B+D)(y+1)(8 +1) -a3 M+ g 21

afs <A@ ¥ =X +2x° +x+1=0 P HAE® a, B,y U
(@+D)(B+D)(y+1)(0+1) T A9 v ]|

(d) Find the quotient and remainder when x° +x° +1 is divided by (x+1). 3
M (X +x° +1) @ (x+1) @ 5 T2 T, O Sl9FeT G B9 F© 2(S 9
(x+1) o x*+x°+1 AR AN TSl ST HThe X AN 077 TR |

(e) If (x* +3px+q) has a factor of the form (x —a)*, then show that ¢* +4p° =0. 3

4079 4



UG/CBCS/B.Sc./Programme/4th Sem./Mathematics/y MATHPSEC2/2022

M (x° +3 px + ¢) 93 G0 TAWD (x — )’ T, SR AN T ¢° +4p° =0
ARG (2’ +3px+q) P BRS (factor) (x—a)’ from AT 9Y, ¢>+4p°=0 BB
T JHIOT TR |
(f) Apply Descartes rule of sign to find the nature of the roots of the equation 3
X +xt+xP+x+3=0.

FI0ed oF s 927 @, 18 +x* + 1% + x+3 =0 NI ASSE 285 @@

4
SR x® +x*+x*+x+3=0 @I, Descartes fTI=sdl A & TN NI,
IATHDT UPHid Forg TR |
GROUP-B / Rei-4 / wg-1
2. Answer any four questions: 6x4 =24

@-CIICA B1ATD elead Ted wies
Pl IR TTAEHD] IR I

(a) Find the roots of the equation 2x* —5x* —15x* +10x+8=0, given that the roots 6
are in G.P.
M 2x* —5x° —15x> +10x+ 8 =0 FFAER I @eled esifore AR, o
wReilba Terates A= fFdr w1
Ife Hefew G.P AT WU WA 2x* —5x° —15x7 +10x+8=0 &I HASwD!
Ao R |

(®) If & is an imaginary root of the equation x” —1=0 for some prime p, show that 6
{LLa,a’,--, "'} is the complete set of roots of the given equation.

@ AP, p @I (e WA @R o ZTEN xP —1=0 ANPACER G0 P G|
2 IR o —1 =0 ANPACER AFLEN 2R {1, o, &2, -+, "'} |
$ prime p DI ARN FABIOT x” —1=0 P o TICI HIUS (imaginary)

qa WY, {La, o, "} GSUsT AMGRUGI Jegwd! QR HTal WAl YA
TN |

(¢) Reduce the equation x’+6x* —12x+32=0 to its standard form and then solve 6
the equation by Cardan’s method.

X 4+6x7 —12x+32=0 AT &9 =PCA (Standard form) GTH @R SRAE
FNFEAVEE Cardan—93 Aw(OCe TN F4|

JAERT 1 +6x2 —12x+32=0 s standard wUaT URITT TR Cardan &7 fAfe
TINT TR TR TR |

(d) Solve the reciprocal equation x° —5x* +9x® —9x* +5x—-1=0. 6
A DA ANPRABE TN 92 x° — 51! +9x° —9x% +5x—1=0
IRR$ (Reciprocal) AHA®GROT x° —5xt 497 —9x? +5x—1=0 BN FHEE TR |
(e) If ¢ be an imaginary root of x” —1=0, then prove that 6
(l-a)(-a>)(1-o)1-a1-’)1-a’)=7
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W x7 —1=0 FANFAC GF0 FFF A& ¢ W, O WA

(lI-a)(1-a>)(1-o)1-a1-')1-a’)=7

AfE x'—1=0 B, o TICT HIATH Jd AU

(I-a)(1-a*)1-)(1-a')1-a)1-a’)=T7 §B ¥l JH1T TR |

(D If @ is an imaginary root of x'' —1=0, prove that

11
(@+2)(* +2)-- (a10+2):2 3+1
Im x!' —1=0 ANFACR G0 I NS o T, O & 79
11
(@+2)(* +2)- (a10+2):2 3+1
aﬁ xll_lzo aﬁ" o WW%W
11
(@+2)(* +2)-- (a10+2):2 3+1 S ——

GROUP-C / eiol-at / -

3. Answer any two questions:
- 715 elva Tee mies

Bl 8 UTIEHD] IR I

@ (i)

(ii)

(b) ()

4079

Reduce the reciprocal equation 3x°+x’ —27x*+27x*—x-3=0 to a
reciprocal equation of the standard form and solve it.

one SAFF TP 3x° +x° —27x* 427X —x-3=0 & &Wd AP
(standard form) (¢79 @<} AT F |

UROR®  IEERT 3xC+x° —27x* +27x  —x-3=0 T URWRS
AFHYoThT standard T AT TR TR FERTE TN |

The product of two of the four roots of x* —20x" +kx* +590x—1992=0 is
24. Find the value of £.

2me x* —20x° + kx> +590x—1992 =0 FAFAER GG A& Ty 91 e
BT 24 | k-a3 e e 591

AfE 1 —20x° +k” +590x—1992=0 & IR HeAew A P Gedl
UM% 24 9Y, k BT 74 Foig 1R |

Solve the equation x° —1=0 and deduce the values of cos% and cosz?”.
5 T 2
x° —1=0 TR TN F9 9R G777 cos - I cos?-aawﬁcﬁwn

IR x° —1=0 & qEEnT =y T cos% Gﬁ%fcosz?ﬂ- BT |19 iy

R

12x2 =24
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(ii)

© (i)

(ii)

d ()

4079

(ii)

Find the value of k for which the equation x*+4x’ —2x”>—12x+k =0 has
four real and unequal roots.

‘b’ Q3 @ NET &0 x* +4x° —2x —12x + k = 0 ANFACER JSCE AW G2
{oH (] ?

QAR x*+4x° -2x" —12x+k=0 B IR I&AD A JFFAAM HIo%
qY k &l 7 ol TR |

If &, B, ¥ be the roots of x* + px* +¢gx+r =0, then find the equation whose

B 7
+7 y+a’ a+p
I X+ px Hgr+r=0 TNIACEE AGLE o, B, ¥ T, OIE a9 G0

R T AN N
B+y y+a a+pf

e o, B,y FHERE P +pil+gx+r=0 D JAEw® WY,
ﬂiy’ 7fa, 05-7;,8 qTe® YT ARHROT ot TR |
Solve by Ferrari’s method x* —10x” +35x> —50x+24=0.
Ferrari-€3 2I&{od AR Ao FANBATEE TN F92
x* —10x" +35x> —50x+24=0
Ferrari @1 Ugfd gRT x* —10x° +35x” =50x+24=0 &I HHAE R |

roots are

If «, B, y are the roots of the equation x’+¢gx+r=0, then find the
equation whose roots are

(a-pa-y), (B-a)B-7), (r—a)y-P5)
M x4+ gx+r =0 IR AXSEN ¢, B, y =, O AN G0 TN &
34, 7 AT\ T

(a-pa-y), (B-a)B-7), (r—a)y-P5)
AT @, B, y IHIRT X’ +qx+r=0 & Jgw AU
(@=B)a-7), (B-a)B-y), (y—a)y—pf) TeTes qYa! AfFevr fFofg
TR |

If the equation x*+ax’+bx>+cx+d =0 has three equal roots, then show
6¢c—ab
3a®-8b°
W x* + ax’ + bx? + cx+ d = 0 - [ 7N e AT, ORE @A 7
e efefa w09
3a”—-8b
Ife ARART  x*+axd’ +bx’ +ex+d =0 P HgSr Hagw |HM WY,
6¢c—ab
3a’ —8b

that each of them is equal to

g0 9l JHIT TR |




