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Introduction [1]

Suppose you have given dynamical system as :

X ′(t) = A(t)X(t) (1)

For Example(NET- June 2015) :

x′(t) = −4x− y

y′(t) = x− 2y (2)

For above homogeneous linear system(2) with constant coefficients, Matrix repre-

sentation is as follow(as equation 1):[
x′(t)

y′(t)

]
=

[
−4 −1

1 −2

][
x(t)

y(t)

]

Method to analyze nature & stability

To check nature & stability of critical point:-

Calculate critical ponit for system(1) by putting X ′(t) = 0.

Next, Find eigen value of matrix A2 (Say λ1 & λ2) or find the roots of euation

λ2 − Trace(A)λ+Det(A) = 0 (3)

According to the eigenvalue(λ1 & λ2), nature and stability of critical point is defined

follows [1–3]:-
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1. Case-I : When both roots λ1 & λ2 are real.

(a) If both λ1,λ2 ≥ 0 and uneqal, then critical point is Unstable Node

(b) If both λ1,λ2 ≤ 0 and uneqal, then critical point is Asymptotically stable

Node

(c) If λ1 & λ2 are of opposite sign, then critical point is Unstable Saddle

Point.

2. Case-II : When roots λ1 & λ2 are complex roots

(a) If λ1 & λ2 are purely imagenary, then critical point is Stable Centre but

not Asymptotically stable.

(b) If λ1 & λ2 are conjugate complex but not purely imagenary, then critical

point is Spiral Point

i. If real part > 0, then unstable(outward)

ii. If real part < 0, then stable(inward)

CSIR-NET Problems

Consider the above problem(2)[
x′(t)

y′(t)

]
=

[
−4 −1

1 −2

][
x(t)

y(t)

]
(4)

Here it’s critical point is (0, 0) & A =

[
−4 −1

1 −2

]
and by eqn(3), λ1 = λ2 = −3

Thus, critical point of system(2) is Asymptotically stable Node.

For study materials & Solution
Visit: https://pkalika.wordpress.com/
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Practice Problems

1. The critical point of the system

x′(t) = −4x− y

y′(t) = x− 2y (NET-June 2015)

(a) Asymptotically stable Node

(b) Unstable node

(c) Asymptotically stable spiral

(d) Unstable spiral Answer: (a)

2. Consider the system of differential equations

x′(t) = 2x− 7y

y′(t) = 3x− 8y (NET-June 2018)

Then critical point (0, 0) of the system is an

(a) Asymptotically stable Node

(b) Unstable node

(c) Asymptotically stable spiral

(d) Unstable spiral Answer: (a)

3. Then critical point (0, 0) for the system

x′(t) = x− 2y + y2Sin(x)

y′(t) = 2x− 2y − 3yCos(y2) (NET-Dec 2018)

(a) is a Stable spiral point

(b) is a Unstable spiral point

(c) is a Saddle point

(d) is a Stable node Answer: (c)

4. Consider the system of differential equations [1]

x′(t) = x+ 4y − x2

y′(t) = 6x− y + 2xy (Practice Que.)

Then critical point (0, 0) of the system is an

For study materials & Solution
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(a) Asymptotically stable Node

(b) Unstable saddle point

(c) Asymptotically stable spiral

(d) Unstable spiral Answer: (b)

5. Then critical point (0, 0) for the system

x′(t) = Sin(x)− 4y

y′(t) = Sin(2x)− 5y (Practice Que.)

(a) is a Stable spiral point

(b) is a Asymptotically stable Node

(c) is a Saddle point

(d) is a Stable node Answer: (b)

6. Consider the system of differential equations [1]

x′(t) = 8x− y2

y′(t) = −6y + 6x2 (Practice Que.)

Then critical point (0, 0) of the system is an

(a) Asymptotically stable Node

(b) Asymptotically stable spiral

(c) Unstable saddle point

(d) Unstable spiral Answer: (c)

Hint: There are critical points (0,0) & (2,4)

At (0,0): Unstable saddle point

At (2,4): Unstable spiral point

7. Consider the systems of differential equations [1]

x′(t) = −y − x2

y′(t) = x

and

x′(t) = −y − x3

y′(t) = x (Practice Que.)

For study materials & Solution
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Find all the critical point and nature of system on the each critical points.

Hint: Nature- Centre or Spiral Point
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Note: Full Notes of dynamical system with non-linear will we available soon.
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