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1. Ify=x", x>0, is a solution of x*y” - 2xy’ - 4y = 0 and m > O, then m equals [1]
(a)1 (b) 4
()2 (d)3

Answer: (b) y' = m x™1, y” = m(m - 1) x™2. Substituting: [m(m - 1) - 2m - 4] x™=0,som2? -3m -4 =
0, (m - 4)(m + 1) = 0. The positive root is m = 4.

2. The general solution of % =xeVis (1
(a)y=x2ey+C (b)e‘Y=X2_2+C
(c)e¥=x2+C (d)ey=X_22+C

Answer: (d) Separating, e” dy = x dx. Integrating both sides: €Y = x%/2 + C. Option (b) integrates eY
wrongly as e™; (c) drops the factor 1/2.

3 2

3. The sum of the order and the degree of (%)2 - 4(%)5 +y=0is (]
X X

(a)7 (b) 8

(©)5 (d) 4

Answer: (c) The highest order derivative is d®y/dx?, so the order is 3; its power is 2, so the degree is 2.

The sum is 5. Option (b) uses the power 5 of the second derivative as the degree.

4. For which of the following differential equations is the degree not defined? [1]
@)y"+cosy=0 (b)y'+e¥ =x
(C) (Y')Z =sin x (d) ym +y y, =0

Answer: (b) €”' is not a polynomial in y’, so (b) is not a polynomial equation in its derivatives and its
degree is not defined. In (a) cos y involves y, not a derivative, so (a) is a polynomial in y” of degree 1;
(c) has degree 2 and (d) degree 1.

5. The degree of the differential equation (y)2+(y)3-7y=0is (1l
(a)1 (b) 3
(c)2 (d)5

Answer: (c) The equation is a polynomial in y” and y”. The highest order derivative is y”, and its
highest power is 2, so the degree is 2. Option (b) takes the highest power of any derivative; (d) adds
the two powers.

2
6. Find the order and the degree of the differential equation [1 + (3—1)2]3/2 =5 %. [2]
X

The highest order derivative is d’y/dx?, so the order is 2. The equation is not yet a polynomial in the
derivatives because of the power 3/2; squaring both sides gives [1+ (dy/dx)2]3 = 25 (d?y/dx?)2, a
polynomial equation in y’ and y”. The highest power of y” is 2, so the degree is 2.

e order 2 (1)

e squares to a polynomial in the derivatives and states degree 2 (1)
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8.

Find the integrating factor of cos x% +ysinx=1,0<x <3, and hence its general solution. (2]

Dividing by cos x: dy/dx + (tan x) y = sec x, so P = tan x, Q = sec x. |.F. = e/ tanxdx _ glogsecx _ g .
Thenysecx=jseczxdx=tanx+C,soy=sinx+Ccosx.

e standard form and I.F. = sec x (1)
e y=sinx+Ccosx(1)

A colony of bacteria grows at a rate proportional to the number N present, and it trebles in 4 hours. [2]

Write the differential equation for N and show that N(t + 4) = 3N(t) for every t, so the trebling time does
not depend on the number at the start.

10.

1.

dN/dt = kN. Separating, dN/N = k dt, so N = N, ekt N, the starting number; trebling in 4 hours gives ek

= 3. Then N(t + 4) = N, ekt e%K = 3 N, ekt = 3N(t) for every t, whatever N, is.
o dN/dt=kN, N = N, ekt and e** = 3 (1)
o N(t+4) =N, ekt e* = 3N(t), independent of N, (1)

Find the general solution of % + 4y = 8x. (3]
P=4,Q=8x IF.=e®™ Thenye™ = [ 8x e™ dx = 8[x e™/4 - e¥/16] + C = 2x ™ - e*/2 + C (integration
by parts). Dividing by e™:y = 2x - 1/2 + C e™#,

e LF.=e%()

o [8xeMdx=2xe¥- %e“x by parts (1)

. y=2x—%+Ce‘4X(1)

Find the particular solution of (1 + x2) 3_2(, =xy, y >0, given that y =2 when x = 0. [3]

Separating, dy/y = x dx/(1 + x2). Integrating, log y = (1/2) log (1 + x2) + logC,soy=CV(1+ x2). Atx=0,y =
2: C = 2. The particular solutionisy = 2/ (1 + x2).

» separates the variables (1)

o integrates:y = CV(1+x%) (1)

C=2andy=2V(1+x% (1)

Solve x % -3y =x*cosx, x> 0. (3]

Dividing by x: dy/dx - (3/x) y = x3 cos X, so P = =3/x. |.F. = e 3109 X = glog X~ 113, Then yix3=[x3cosx-
(1/x3) dx = [ cos x dx = sin x + C. Hence y = x3 sin x + C x°.
e standard form with P = —% (1)
1
e ILF.= 3 (1

. y=x3sinx+Cx3(1)
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