13. Mathematics | Paper (Math.311) Calculus

Exam 2066

 Time:3hrs Full Marks: 100
Attempt ALL the questions.

1.

Group 'A' sxT 35
Define and deduce the expressions for the polar subtangent and pelar subnormal
at any point P(r,8) of a curve r = f(0). Find the angle between the curves r* =
a’cos20 and r* = b’sin20. [1+2+4]
State Taylor's series extended to infinity. Let R, denote the remainder after n

terms of the series. Prove that r'\’Te R, = 0 is both necessary and sufficient
condition that the function fgx + h),[h7| < & can be expanded in an infinite series.

Hence show that sinx = x "%"[ +§—¥ﬁ #...... to o for all x. [1+3+3]

OR
State Lenbmtz theorem.

_Ify=tan’x, prove (1 + x%)y; = 1 hence show that (1 +x2)yn.1+2nxy,.+n(n-1)y,,1-0

Define Beta and Gamma functions.

3 m+1 n+l :
. l"! 2 !F! Nz ! 7 1
sin"x cosxdx = and hence show that fe-x’ dx =5\Fz

Prove that: _ : Y,
[ .2['( 2 ) : 0
How do you define the maximum and mlmmum values of a functlon of two
variables? Find the minimum values of x> +y* + Z2when x+y + = 3a” [2+5]
OR
State and establish Eulers theorem for a homogeneous function of degree n. Use
2u, 2u pos o
this theorem to show that. x ot y— tan u if u = sin” Xy -[1+2+4]

State the cond:tson of exactness of a first order differential equation. Verify that the
equation (2xy + y Hex + (X + 2xy — y)dy = 0 is exact and hence find its general
solution. -
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6. What is the angle bstween the curve r = y(8), r= ¢(B)? Show that the curves ax’ +
“by*=1anda'x’+b'y’ = 1 cut orthogonally Wé—£f=%—£~r [1+3]
: i -
Show that the tangent drawn at the extremities of any chord of the cardiode r = (1
+ cos) which passes through the pole are perpendicular to each other, 4]
lim
7. What do you mean by inderterminate form? Evaluate x—;%(sin)"’"" [1+3]
8. Evaluate f j e" cos(y-x)dydx [4]
oy ;¢ i :
2
; OR
. 1 " | )
. X= X
Sothatfdxf&;};—:dytfdyfﬁdx. | , 4]
0 ‘o - 0 .o
z < x
2 2892 3
9. Showthat f log sin xdx = f]og cos xdx = 5log (5) ; i4]
0 o i e :
10. Let the circle x” + y* = a° revolves round the x-axis, show that the volume of the
whole sphere generated is g-na3 . 2
11. Obtain the reduction formula for f cos ec” xdx and find f cox ec” xdx. 4]
OR :
b .
Find from definition, the value of f e"dx . [4]
i (% ; a ;
12, Find the complete solution and the singular solution ofthe equation y = px + p — p®, 4]
13. innd the complimentary function and particular integral of the differential equation
d
a}%ér a’y = secax. N F1+3]
OR -
{2 R g —ody_ o
Solve: (D” + 3X + 2)y =&, given thaty = 055 = O where x =0 [4]
2
gy Yo : ) oniroancs
14. Sove:gr+X=X R 4]
15. Define Clairaut equation and solve
y =px +[a’pb’. . N’ 18]
Exam 2067 S
Time: 3 hrs Full Marks: 100
Attempt ALL the questions.
Group 'A’ 5x7=35

1,

Group 'B’ . 10x4=40

Define the length, of perpendicular from the pole on the tangent to a curve. Also

define pedal equation and obtain its expression for the curve r* = a° cos20.[3+1+2]
- OR :

What is the pedal equation of a curve? Deduce its equation from Cartesian

equation. Find the Geometrically the pedal equation of the ellipse with respect to

focus. E [1+3+3]
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10.

ou - = N
.xEx-i-ya—tanmfu—s:n

State Rolle’s thearem and give its geometrical meaning. Verify that the function y
= f(x) = 2 4x + 3 satisfies the Rolle's theorem in the inferval 1 < x <3 and hence
find the number ¢ such that  (c) = 1. [1+2+341] .
What do you mean by term 'integration? Explain it. )§ f(x) is continucus in the

+]

interval (a, b), b > a, show that the integral ff(x)dx geometrically represents the

a
area of the space enclosed by the curve y = f(x), the ordinates x = a, x = b and the
X —axis. } ; [2+5] -
OR =
State fundamental theorem of integrai-calculus.

b
Evaluate: f;-‘dx as the limit of a sum. [1+6]

: 2 ! 2
State and establish Euler's thecrem for homogeneous function of degree n. Use"
this theorem to show that -

du . u 2

X+
X+y
Define a differential equation of the second order. that do you mean Dy

[.1 +2+4]

complimentary function and the particular integral? Solve :%} + a’y = sec ax.[2+5]
Group 'B' 10x4=40

Prove that the sum of the intercept of the tangent to the curve y/x + AJy =+Ja upon

the coordinate axes is constant.’ . [4]

OR

Define the Cartesian subtangent and subnormal at any point of a curvé. Show that

for the curve by = (x + a)°, the square of the subtangent varies as the subnomal. [1+3]

State L'Hospital's riule.

(X5

Show that Jm(cusx)""’z e [1-+3]
2 4
) dx \ g
Evaluate: fdyfm : : - 4]
1 3 i
OR
‘ 1 1 Iy | “
. X— 5—
show that fox [Tk = fo Teyrix 4]
0 o0 0 ©
OR .
Define Beta function. Show that for m > =1,n>-1.
b | -
[ a)"(b-"x = (b-a)™ Blms1.0%1). ' [143]
a
OR
a0 2 s yz )
y e 1
Prove that '\J e’ dyx |——=dy=T"F : 4
y Y \Ef Y 2 \Ii _ (4]
0
OR
Find the area of a loop of a curve 1 = asin36. ‘ [41
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n

xtanx e
. P e S i :
11. Show that secx+cosx9X = 4 : [4]
D 2
12: Ii y = (sin”'x)* prove that (1= xz)%% X dx 2=0 and hence show that (1-x°)y..s —
(Zn + 1)XYn42 — X Yo = 0. [4]
13.- What do you mean by linear differential equahon of first order? Solve:
cosxa,% +y sin x = sec’. [143]
14. State Clairaut's equation., :
Find the general solution of y = 2px + y%p°. .
" OR .
Find the general and stngurar solutlon ofy=px+ \Iazpoz + bz 2 4]
15.  Find the particular mtegral'f-(ﬁz- sinax. Where f(D?) = D? + a°. ' [4]
Exam 2068
Time: 3 hrs . Full Marks: 100
Attempt ALL the questlons
Group 'A' 5x7=35
1. What the pedal equation of a curve is? Deduce its equation’ from Cartesian
equations.
Find geometrically the pedal equation of the el!rpse with respect to the focus.
[1+3+3]
2.  State the criteria for a function of two variables to have max:mum and minimum
values. Find the maximum and minimum values of the function x° + y - Saxy [2+5]
OR
Sate and establish Euler's theorem for a function of two variables. Use this
theorem to prove that }
2u  2u 1 x+y
. X5t y2—y+§mt u =0, where u = cos '\F‘*‘W) [1+3+3]
3. What do you mean by indeterminate form? State various forms of indeterminacy.
1
¢ Evaluate: xlir-{b (ﬂi‘-’i);‘z 5 [1+2+4]
; oR g
What.do you mean by the curvature and radius of curvature of a curve? Show that
the circle is a curve of uniform curvature and its radius of curvature at every point
is constant. [2+1+4]
4. State and prove Lagrange's Mean value theorem and give its geometrical
meaning.
. Find the value of 8 in the mean vaiue theorem.
: f(x + h) = f(x) + hf (x +6h) if f(x) = 1/x. [1+3+3]
5.  Show that the necessary and suffcient condition for the differential equation of the form
Mdx + Ndy = 0, where M and N are function of x and y to be exact s—g’ﬂVenw
that the equation (2x3+ +4y)dx + (4x +y —1) dy is exact and obtain its general solution.
[3+1+3]
Group ‘B [10x4=40]
6. Define an aysmpotte to a curve. Find asymptote to a surve: '
X(x —y)* - g -y’) +8y=0. [1+3]
7." Kfy=e A then prove tht :

a) (1=x)yz = xy; + a’y
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3]
x
AR ‘
xinxdx _x
8. Show that: f \[__ﬁg_——+ b 4]
0
9. If fixy) is homogeneous function of x & y of degree n, prove that
of . of ‘ ;
Xt Yo = nf(x,y). . [4]
OR : ]
State Euler's theorem on homogeneous function of two mdependent variables.
Verify it for u = x"tax" (y/x). [1+3]
10. Define.a Gamma function.
Prove that: I (m) I'(1-m) = _‘(smm D<m<1) [1+3]
11. Find the surface area of the solid generated b y revolvmg the cycloid x = a(@ +
sin0), y = a(1+cos6) about its base. 4]
OR :
Find the area included between the two parabolas y2 4ax and x* = day. . 41
12. Prove by evaluat:ng the repeated integrals, that . 4]
fdva%m dv*fdvf—f%d(m _ g
13. Hnd the solution of the equahon the: (y +1)p -xp +2=0, [4]
State Clairuat's equation and show that how it prov:des complete solution and
singular soluhun .
14. Solve (D* + 1)y =sin2x; whenx =0,y = Oandy1=0 [4]
_J. X= :
15. Solve g+ =% ; [4]
Exam 2069
Time: 3 hrs ' Full Marks: 100
Attempt ALL the questions. '
Group 'A’ 5x7=35
1. State MaClaurin's series in finite form. What is the condition under which this
series can be extended io infinity? Hence or otherwise show that
log(1 + sinx) = x-xz +% : \ [1+2+4]
2. . What do you mean by the curvature of a curve? Hence define the rad1us of
curvature,
Show that for the ellipse —z + y—z 1 the radius of curvature at any extremity of the
major axis i equal to half of latus rectum. [1+1+5]
OR %
Describe the curve tracing technigues for a given Cartesian equation. Trace the
curve of the function. x*y* — xX+a’=0. ) [4+3]
3.  Define Beta and Gamma function.

b) (1-x )yua-(2n+1)xym. n’ # @)y, = - [1+3]
OR

Sate Rolle'’s theorem, Verify the theorem for the function fix) = (x— Z)(x -3)x- 4) in [2.4].
[1+
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10.

11.

12

13.

e
Prove that sin®xcosa(x)dx =

o p+q+2 ,P,0>=1. And hence show that
0 2
ow p - . .
Jeax=gx , L [2+4342]
0

What 'do you mean by Lagrange's undetermined multipliers? Use Lagrange's
multiplier to find the minimum value of x2 + £+ subject to the constraint x + y +
z=3a, ’ [2+5]
OR

State and establish Euler's theorem for a function of two variables. Use this
theorem to show that

11
oy . du (1- 4 x+ud :
x%+y§=-23u,whereu= T [1+3+3]
x3+1°

State Clairaut's equation and show that how Clairaut's equation provided
complete solution and singular solution. Find the completer and singular solutions

of the differential equation y = px + p - p?. [1+3+3]
Group 'B' : 10x4=40
What do you mean by pedal equation of a curve?.Find the pedal equation of the
curve r = a(1 + cos@). [1+3)
OR

Define the polar subtangent and polar subrormal at any point of a curve r = (0),
Show that for the curve r = &' the polar subtangent is equal to the polar

subnromal, [2+2]
liy=acos(logx)+b sinslog X), then show that : . [4]
XYoez # (20 + 1Xyper + (0° + 1)y, = 0/ [4]
fi
State L'Hospital's rule. Evaluate x—r‘>%~(tanx)““ . [1+3]
La o T ) d 2
Prove that f f(x)dx = f fla—x)dx and use it, prove taht Tsﬁ%fs"xl= % [1+3]
0 0 0
Obtain a reduction formula for f sin"xdx and find (“sin’x dx_. [4]
Define Gamma function.
1 >
Use it, prove that ﬂ—j'—"% f [1+3]
J (198
c
Find the perimeter of the asterzoid formed by the revolution of the ellipse
2 2 : &
§z+ b7 = 1 about the x-axis if 4“; b x 3 [4]
K E
2 2 i
Evaluate: f dy f cos(x +y) dx. ; [4]
0 0. ‘ .
dy_y Y
Solve: dx —x tang 4]
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14. Solve: (D*-3D + 2)y = e" where =ad;. 4]

. OR
Solve: (D® + 4)y = sin2x. _ ' 141
15. Solve: (D2 + 1) = cos2x, whenx =0,y =0andy: =0. 14]
Exam 2070
Full Marks: 75
Time: 3 hrs.
New Course

Attempt all the questions. ;

Group “A" [7%5=35]

1. Find angle of intersection of two curves whose polar equations are r=f(0) and
r=d(8). What happens if the two curves touch? Find the angle between the curves
r=2 sin 6 and r=2 cos 6 | !

2 State Cauchy's mean value theorem and state when it reduces to Lagrange's
mean value theorem, verify Lagrange's mean value theorem, verify Lagrange's
mean value theorem for the function
f(x)=x(x—1)(x=2) in the interval [0.%]. Also show that the function f(x) is concave

downward at x=35- : ; [1+¥e+4+1%]

3. What do you mean by the asymptotes to a curve? Obtain the condition that a line
y=mx +c(m =0) is a asymptote to the curve f(x, Y)=0. .
Find the asymptote of x’~y*=3ax® [1+3+3]

OR

What do you mean by the curvature of a curve at a point? Show that the circle is a
curve of uniform curvature. Find the radius of-curvature of the curve r"= a" cosm
0 _ . [143+3]

4. Show that the area of the region bounded by a curve y=f(x), the axis of x, and two
ordinates x=a and x= b is _[: J(x) dx and hence find the area bounded by the
parabola y?=4ax and its latus rectum. [3+4]

5. Show that the necessary and sufficient condition for the differential equation of the

oy
A Verity that the equation (CaxyY)dx+(CyHy?)dy=0 is exact and obtain its

form Mdx + Ndy = 0, where M and N are functions of x and y to be exact is %‘- =

general solution. ; [3+1+3]
) OR
State the homogenous equation of the first order and first degree. Is the egquation
%y; = ﬁjﬁ% homogeneous?
If not make it homogeneous and solve it. [1/2+1/2+2+4]
: Group "B" [10x4=40]
6.  Ify=a cos (log x)+b sin (log x), then show that XY nezH(Sn+1)XYer +(n'+ 1)y-=0. [4]
7. Finds the extreme value of the function x2+y? under the condition x+4y=2. (41
OR

LA 2
Ifu=Iog%thenshowthatx%+y%=%4' o
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g T 1
8. Showthat [["* logsinxdx= [’ Jogcosxdx= % logs [4]
8.  Prove that fe cos bx dx= '7'_'? a>0, : ; 4]
0
OR
Obtain a reduction formula for / sec”x dx and hence find fsec®xdx.
10.  Find the area bounded by the cycloid x=a(0+sin 8) y=a(1—cos®) and its base.
OR
Find the perimeter of the asteroid x**+y*°= 3
4a
11. Evaluate f dx f dx ! ' [4]
_4-3- .
12. Sotve (D*+2D+1)y=c*+c™, where D=—— dx [
13. lFlnd the complete primitive and singular solution of y=px+ap (1-p) where P= —1[4]
14.  Find the equation of the curve for which the sum of the reciprocals of the radius
vector and the polar subtangent is constant. ! [4]
OR
What do you mean by an initial condition for a differential equation?
Solve : y(1—x2).% +X (1-y*)=0, give that y=1 when x=0 ) [143]
15. State L' Hospital's rule and use lit to evaluate
lim
&5 Dy 2 | [1+3]
Old course

Attempt all the questions.

i

Gropp A" [5%x7=35]
What is the pedal equation of a curve? Deduce is equation from Carteslan
equation. S
Find geometrically the pedal equation of the ellipse with respect to focus [1 +3+5]
State Rolle’s Theorem and interpret lit geometrlca!!y
If f (x)=0 for all values of x in an interval, then show that f(x)) is constant in the
interval. [1+2+4)

' OR ;
State Cauchy mean value theorem and state when it reduces to Lagrange's mean
value theorem. Verify Lagrange's mean value theorem for the function.
f(x)=x (x=1) (x-2) in the interval [0.%4]

Also, who that the function f(x) is concave downward at x=% : [1+¥a+d+1 Y]

. What do ‘you mean by the indeterminate form? State various forms of

indeterminancy. When do you apply L'Hospitals rule? Evaluate lint im
X—> U. (cos x)lf:d -
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10,

1.

12.

13.
14.

15.

toprove that | momm=3 [143+3]

.

Define Beta and Gamma functions. Prove that 1(-12-)= 7 and use Gamma function

dax b3
(a—x")
Define a differential equation of the second order. What do you mean by

complementary function and the particular integral?
2,

Solve : %—gz + a2y =sec ax [1+2+4]
: OR

Define auxiliary equation of the differential equation of the second erder. If the

auxiliary equation has two equal roots say a. may its general solution be y=c e™?

If not why? And deduce the correct general solution. )

Solve ; (D*+2D+5) y=0, where D =%11+1+3+2] _

" Group "B" [10x4=40]
What are polar subtangent and polar suchrmal? Show that for the curve rb=a,
the polar subtangent is constant and for the curve r=a@, the polar subnormal is

constant. [1+3]
Define centre of a curvature of a curve. Fine the centre of curvature at any point
(x, y) on the parabola y*=4ax. [1+3]

OR

Show that the chord ‘of éurvature parallel to y — axis for the curve y =C cosh % is

double of the ordinate. i Ml
Trace the curve y=x'-12x—6 - [41
- xsinxdx_ 7 . s
Showthat [ icosx - 4 . 141
Find the perimeter of the cardioid r=a(a+cos 8) and show that the arc of the upper
_I S

-

half is bisected by 6=3
' OR

* Find the area-of a loop of the curve a’y’=a’x’~x4

Examine where the equation x dx +y dy +(x*+y*) dy=0 is exact or not and hence

solveit: - . [1+3]

State Ruler's theorem on homogeneous function of two independent variables.

Verify it for u=(+y")" : [1+3]
OR 4

Find %’; of (tan x)"+(y) ™" *=0. [4]

Find the general and singular solution of y = px +p (1-p). 4]

Define linear differential equation of the first order. -

So!ge : ‘:lx +ytan x =secXx. i [1+3]

Solve: (D*+D-2) y= e, given that when x=0, y=0 and y;=0. 4]
OR-

Solve: (D*+16)y = cos4x.
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14. Mathematics I (Math.312) Analytical Geometry &

Vector Analysis

Exam 2066 .
Time: 3 hrs Full Marks: 75
Altempt ALL the questions. '
Group 'A’ ;i 5x7=35

1. When does the equation ax* + 2hxy + by’ + 2gx + 2fy + ¢ = 0 represent a
parabola, an ellipse and hyperbola? What conic does the equation 14x° - 4xy +
11y° —44x - 58y +71 = 0 represent? Find the center of the cohic. [3+4]

OR :
Define that tangent to a conic.
S =ax® + 2hxy + by* + 2gx + 2fy + ¢ = 0 at (x, y1) chtain the condition that the line
Ix + my + n'= 0 may be a tangent to the conic s = 0 at (%1,¥1). [2+5]

2. Dzeﬁne the auxiliary circle and eccentric angle of a point with respect of the ellipse
gti=t T [1+1+5]
Find the foci, directrices; accentricity, the ends of latus rectum and length.of latus
rectum of the ellipse 9x* + 25y° = 225, :

3. Define skew lines and line of shortest distance. Find the shortest distance
between the lines %= __.‘(_3 = %— and %gzy_—; =2 ;_ 2. Find also the equation of
shortest distance. [1+1+5)

4. Define a great and small circle of sphere. Find the equation of a sphere for which
the circle x*+y* + 22 + 7y -22+2=0,2x+ 3y + 4z = B is a great circle. - [1+1+5]

OR :
Definetangent line and tangent plane at a point of the sp[here. Find the equation
to the spheres which pass through the circle x° + y? + 2° = 5, x + 2y + 3z = 3 and
touch the plane 4x + 3y = 15, [1+1+5]

5. Define scalar triple prodict and prove geometrically that the scalar triple product
represents the volume of the parallelopeped. Also verify that in the scalar triple
product position of dot and cross can be interchanged. [1+3+3]

Group 'B' . 10x4=40

6. What is the equation (x - a)° + (y — b)* = ¢* become when it is transformed to

parallel axes through the point (a — ¢, b)? ; [4]
. OR
Find the polar coordinates of the points (3,4,5) and (-2,1 ,22. [2+2]

7. Show that the line xcosa + ysina = p touches the ellipse gz» f‘ Yif p2 = a’ cos’u

+ b® sino. [4]
{ OR :

Show that the tangent at the extremity of any diameter of an ellipse is paralle! to

the chords which it bisect. :

8.  State the condition under which the general equation of second degree ax’ = 2xhy

o+ by? + 2gx + 2fy + ¢ = 0 may represant an ellipse. Find the center of the conic
section 2x° — 5xy — — 5xy -3y - x —4y + 6 = 0 and its equation when transformed
to the center. [1+3]

9.  Find the equation of the plane through the line 5-_1-2 = );_;Q___ E;l parallel to the line
X z
T g

10. Show that the equation to a right circular cone whose veriex is 0, axes OX and
semivertical angle o’ is y* + 2° = x° tan’a., ' [4]

OR

78





