
CBSE CLASS XII MATHS
Differential Equation
	Two mark questions with answers 

	Q1. (1 - y2)dx + y(1 - x2)dy = 0. 

	Ans1. (dy/dx) = -(1- y2)/y(1 - x2)
Order one, degree one, and Non-linear. 

	Q2. (ds/dt)4 + 3s(d2s/dt2) = 0. 

	Ans2. Order two, Degree one and Non-linear. 

	Q3. y = x(dy/dx) + a[1 + (dy/dx)2]. 

	Ans3. y - x(dy/dx) = a[1 + (dy/dx)2]
Squaring both sides we get
[y - x(dy/dx)]2 = a2[1 + (dy/dx)]2.
Order one, Degree two, Non-linear. 

	Q4. (1/x).(d2y/dx2) = ex. 

	Ans4. Order two, Degree one and Linear. 

	Q5. (d2y/dx2)4 + (d3y/dx3)2 + (dy/dx) = 1. 

	Ans5. Order three, Degree two and Non- linear. 

	Q6. Form the differential equation for y = c sin-1x. 

	Ans6. y = c sin-1x -----(1)
 (dy/dx) = c/(1 - x2) ----- (2)
from (1) c = y/sin-1x
Put the value of c in (2), we get
(dy/dx) = [y/sin-1x(1 - x2)], which is the required differential equation. 

	Q7. Form the differential equation for the curve y = aebx. 

	Ans7. y = aebx ----(1)
 (dy/dx) = ba.ebx
 (dy/dx) = by ---(2) using (1)
Differentiating both sides again, we get 
(d2y/dx2) = b.(dy/dx) ---(3)
Divide (3) by (2), we get
[(d2y/dx2)/(dy/dx)] = [b(dy/dx)]/by
y(d2y/dx2) = (dy/dx)2, which is the required differential equation. 

	

	Four mark questions with answers

	Q1. Form the differential equation of the curve y2 - 2ay + x2 = a2, where a is arbitrary constant. 

	Ans1. We have y2 - 2ay + x2 = a2 ---(1)
Diff. both sides w.r.t x we get
 2y.(dy/dx) - 2a.(dy/dx) + 2x = 0
 y.(dy/dx) - a.(dy/dx) + x = 0
 y.(dy/dx) + x = a.(dy/dx)
 (yy1 + x)/y1 = a where [y1 = (dy/dx)]
Putting the value of a in (1) we get
y2 - 2[(yy1 + x)/y1]y + x2 = [(yy1 + x)/y1]2
 [(y2y1 - 2y2y1 - 2xy + x2y1)/y1] = [(y2y12 + x2 + 2xyy1)/y12]
 y1(-y2y1 - 2xy + x2y1) = y2y12 + x2 + 2xyy1
 -y2y12 - 2xyy1 + x2y12 = y2y12 = y2y12 + x2 + 2xyy1
 (2y2 - x2)(dy/dx)2 + 4xyy1 + x2 = 0
 (2y2 - x2)(dy/dx)2 + 4xy.(dy/dx) + x2 = 0, which is the required differential equation. 

	Q2. Find the differential equation of the family of curves
y = Ae3x + Be5x, where A and B are arbitrary constants. 

	Ans2. The equation is
y = Ae3x + Be5x ---(1)
 (dy/dx) = 3Ae3x + 5Be5x ---(2)
and (d2y/dx2) = 9Ae3x + 25Be5x ---(3)
multiplying eq (2) by 5 and subtract from (3) we get


	Q3. Find the differential equation of the circles which pass through the origin and whose centre lies on y axis. 

	Ans3. Let the equation of circles
x2 + y2 + 2gx + 2fy + c = 0 ----(1)
Since circle passes through origin
 c = 0
Also centre lie on y axis
 g = 0
Therefore eq. (1) reduces to
x2 + y2 + 2fy = 0 ---(2)
Diff. both sides w.r.t x,
2x + 2y(dy/dx) + 2f(dy/dx) = 0
 x + yy1 = -fy1
 (x + yy1)/y1 = -f
putting this value in (2) we get
 x2 + y2 - 2y(x + yy1)/y1 = 0
 (x2 + y2)y1 - 2xy - 2y2y1 = 0
 (x2 + y2 - 2y2)y1 - 2xy = 0
 (x2 - y2)y1 - 2xy = 0
 (x2 - y2)(dy/dx) - 2xy = 0, which is the required differential equation. 

	Q4. Show that y = bex + ce2x is a solution of differential equation (dy/dx)2 - 3(dy/dx) + 2y = 0. 

	Ans4. Here y = bex + ce2x ---(1)
(dy/dx) = bex + 2ce2x ---(2)
(d2y/dx2) = bex + 4ce2x
Now put the values of y, (dy/dx), (d2y/dx2) in L.H.S of equation (d2y/dx2) - 3(dy/dx) + 2y = 0
L.H.S = (bex + 4ce2x) - 3(bex + 2ce2x) + 2(bex + ce2x)
= ex(b - 3b + 2b) + e2x(4c - 6c + 2c)
= ex(0) + e2x(0)
= 0
Hence y = bex + ce2x is the solution of the differential equation   (d2y/dx2) - 3(dy/dx) + 2y = 0. 

	Q5. Verify that y = (x3 - x).logcx is a solution of the differential equation (x3 - x).(dy/dx) - (3x2 - 1)y = x5 - 2x3 + x. 

	Ans5.Given differential equation is
(x3 - x).(dy/dx) - (3x2 - 1)y = x5 - 2x3 + x ---(1)
Also y = (x3 - x.logcx ---(2)
 (dy/dx) = (x3 - x)(c/cx) + (3x2 - 1).logcx
 (dy/dx) = (x2 - 1) + (3x2 - 1).logcx ----(3)
from (2) logcx = y/x3x
putting this value in (3) we get
(dy/dx) = (x2 - 1) + (3x2 - 1)(y/x3x)
 (x3 - x)(dy/dx) - (3x2 - 1)y = (x3 - x)(x2 - 1)
 (x3 - x)(dy/dx) - (3x2 - 1)y = x5 - 23 - x
Therefore (2) is the solution of differential equation (1). 

	Q6. Solve (dy/dx) = 1/(sin4x + cos4x). 

	Ans6. We have (dy/dx) = 1/(sin4x + cos4x)
dy = 1/(sin4x + cos4x)dx
Integrating both sides
dy = [1/(sin4x + cos4x)]dx
y = [sec4x/(1 + tan4x)]dx
y = [(sec2x.sec2xdx)/(1 + tan4x)].dx
= [(1 + tan2x)sec2/(1 + tan4x)]dx
= [(1 + t2)/(1 + t4)]dt  where t = tanx and sec2x.dx = dt
= [(1 + 1/t2)/(t2 + 1/t2)]dt
= {(1 + 1/t2)/[t2 + (1/t2) - 2) + 2]dt
= {(1 + 1/t2)/[(t - 1/t)2 + 2]}dt
= (dy/y2e2)  where (t - 1/t) = y  (1 + 1/t2)dt = dy
= (1/2)tan-1(y/2)
y = (1/2).tan-1[(tanx - cotx)/2] + c, which is the original equation. 

	

	

	Six mark questions with answers

	Q1. The normal lines to a given curve at each point pass through (2,0) the curve passes through (2,3). Formulate the differential equation and hence find out the equation of curve. 

	Ans1. Let P(x, y) be any point on the curve. The equation of the normal at P(x, y) to the given curve is
(Y - y) = -[1/(dy/dx)].(X - x) -----(1)
But it is given that the normal at each point passes through (2,0), therefore
(0 - y) = -[1/(dy/dx)].(2 - x)
 y.(dy/dx) = 2 - x
 y.dy = (2 - x).dx
On Integrating both sides we get
(y2/2) = -[(2 - x)2/2] + c -----(2)
(2) passes through (2,3)
Therefore (9/2) = 0 + c
Therefore equation of curve is
(y2/2) = -[(2 - x)2/2] + (9/2)
 y2 = 9 - (2 - x)2. is the required solutiuon. 

	Q2. The slope of a tangent to a curve at any point (x,y) on it is given by (y/x) - cot(y/x).cos(y/x), [x > 0, y > 0] and the curve passes through the point (1, /4). Find the equation of curve. 

	Ans2. Let y = f(x) be the given curve, then slope of tangent at P(x,y) is (dy/dx).
(dy/dx) = (y/x) - cot(y/x).cos(y/x)....(1)
Put y = vx
(dy/dx) = v + x.(dv/dx)
(1) reduces to
[v + x.(dv/dx)] = v - cotv.cosv
 x.(dv/dx) = -cotv.cosv
 [dv/(cotv.cosv)] = -(dx/x)
 (sinv/cos2v).dv = -(dx/x)
Put cosv = t
 -sinv.dv = dt
 -(dt/t2) = -(dx/x)
 -(1/t) = log|x| + c
 -1/cosv = log|x| + c
 -sec(y/x) = log|x| + c ----(1)
It is given that curve passes through (1,/4)
-sec/4) = c
c = -2
equation of curve becomes
-sec(y/x) = log|x| - 2
sec(y/x) = -log|x| + 2.is the required solution. 

	Q3. If the tangent at any point P of a curve meets the x-axis  in T. Find the curve for which OP = PT, O being the origin. 

	Ans3. Let y = f(x) be the given curve. Let P(x,y) be a point on it. The equation of the tangent at P is
(Y - y) = (dy/dx)(X - x) -----(1)
This meets X-axis at T.
 y = 0 (since y cordinate at x-axis is always zero )
Therefore 0 - y = (dy/dx)(X - x)
 X = x - y(dx/dy)
 Co-ordinates of T are [x - y.(dx/dy), 0]
 PT = [x - {x - y.(dy/dx)}]2 + y2
= [y2(dx/dy)2 + y2]
Now OP = PT (O being origin)
 [y2(dx/dy)2 + y2] = (x2 + y2)
squaring both sides, we get
 [y2(dx/dy)2 + y2] = (x2 + y2)
 [y2(dx/dy)2] = x2
 y.(dx/dy) = ±x
 (dx/x) = ±(dy/y)
On Integrating,we get
(dx/x) = ±(dy/y)
 logx = ±logy + logc
 logx = logcy
or logxy = logc
Hence the equation of curve is x = cy or xy = c. 



	Q4. Experiments show that radium disintegrates at a rate proportional to the amount of radium present at the moment. Its half life is 1590 years. What percentage will disappear in one year? Use e-logz/1590 = 0.9996. 

	Ans4. Let the amount of radium present at any time be x, therefore according to given condition-
(dx/dt) - x
 (dx/dt) = -Kx (where K is constant of proportionality)
 (dx/x) = -Kdt
Integrating both sides we get,
 (dx/x) = -K(dt)
 logx = -Kt + c ---(1) where c is constant of integration.
Let at t = 0, x = x0
Therefore from (1), logx0 = c
putting this value of c in (1) we get,
 logx = -Kt + logx0
 log(x/x0) = -Kt
Also given at t = 1590, x = x0/2
Therefore log(x0/2x0) = -K(1590)
 log(1/2) = -1590K
 -log2 = -1590K
 K = log2/1590
log(x/x0) = -{log(2/1590)t}
 (x/x0) = e-{log(2/1590)t}
 x = x0e-(log2/1590)t
After one year amount of radium disintegrated is
x = x0e-log(2/1590) [Putting t = 1]
Therefore Amount of radium disintegrated in 1year is
= x0 - x0e-(log2/1590)
= x0[1 - e-(log2/1590)]
= x0(1 - .9996)
= x0(0.0004)
Therefore amount of radium disintegrated in 1 year in % 
= [x0(.0004)/x0] X 100
= .04 % 


