WHY IT MATTERS

SHM is the foundation for
many real-world systems.

It halps in understanding
vibirations, waves, sound
and many othe
phanomena

Essential in mechanical,
electrical, civil and
AeTospace enginearnng.

Impartant for

SIMPLE HARMONIC MOTION (SHM)

[ wHaT s sHm?

A motion in which the restoring
force or acceleration is directly
proportional 1o the displacement
from the mean {equilibrium)
position and always directed
towards it.

Fo—=x
ar

F=—kr

Where, k = Force constant

{x is displacement from mean position}

KEY CONCEPTS

B3 eouation oF morion

The displacement of a particle
executing SHM is given by:

i r= Asin(wt + ¢)

Where,
A = Amplitude {maximum

displacement}

w = Angular frequency (rad s~}
@ = Phase constant (rad)
t = Time (s)

Alse, ¥ = A cos(wt + ¢')

where, ¢ = ¢ —
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AT A GLANCE

u RESTORING FORCE,
ACCELERATION & VELOCITY

Restoring force:
F=-kzx

Acceleration:

a=—wz
Velocity:

4 = i—; = wA cos({wt + ¢)
Speed:

v =wy A2 —z?

n TIME PERIOD &
FREQUENCY

Time period (T):
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Angular frequency (w):
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Where, m = Mass of the body

k = Force constant
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V' SHM aceurs wheon restering x
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foroe is proportional and S I M P LE
opposite to displacement. Ar wA
+ Displacement varies /\ /
sinusoidally with time. & f t =1 (0] f 1 ; f—=t
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' Velocity is maximum at i 2 I M UTIO N (SH M) I T e T
mean position. _al > -
' Acceleration is maximum @ @ —wA T
at extreme positions, . . KEY Concepts
« Att=10, r=Asing=4sng

Tetal energy in SHM at a G|aﬂce

* Vo= wA (atx=0)
f@mains constant.

v At =T/, = Asin{g+ x/2)

« At =T/2, x=Asin(¢-+7) e v=0 (atz= i_"!.}

= Att=3T/, &= Asin(d+ In/2)

COMMON SYMBOLS o Att=T, o= Asinlp-+27)=x(l)
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T Displacement (m)
A .ﬂl‘npiitude (m) €1 fs the main (oaulsum] position
I Tirieda) — - At x = +4 ar —A, the body 15 01 extreme pasiizon. |
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T Time pericd (s) ACCELERATION-TIME GRAPH n PHASE RELATIONSHIPS
! Frequency (Hz) a ENERGY IN SHM
w Angular frequency {rad s~') Total mechanical energy (E) is constant. For SHM described by © = A sin{wt + &)
k  Force constant (N m ™) wA .
¥ Mass (kg) Patential energy (L'): Kinetic energy (K): = Velocity: v =wd UU“'[W! ’ U’}
i Velocity (m s° 1y 0 ) ; { : ¢ U = | P K= 5 me? (v leads x by 7 /2
e Acceleration {m s~} 1_; % % T % =1 EiAT= 2% o Acceleration: @ = —w® A sin{wt + ¢)
#  Fhasacosstanticad) 24 2 (a is 7 out of phase with x)
—r
" Total energy (E): * Displacement & acceleration are
* dmax = WA fatr=14) E=1+J = l a2 opposite in direction.
sa=10 lat = = 0) ’ 2.
® ais 7 out of phase with x AMr=4+ A K=0U=E
Mz=0 U=0K=E
K sPrING-MASS SYSTEM

PHYSICAL EXAMPLES

Mass attached to a spring

ASSUMPTIONS OF SHM

* Mo energy loss (no damping)

A body of mass m attached to a spring of force
constant & executes SHM.

4 k » Small oscillations of a pendulum (for small angle)
T T o ——— » Restoring force is directly proportional to
; ; x » Tuning fork vibrations displacement
—A 0 +A » LC circuit (electrical oscillations) e Mation is along a straight line
s H: e System is linear and ideal
T=2n, 2 g
V% | : T
IMPORTANT FORMULAS AT A GLANCE
ol 2 : : . [ m - 1 2
F=—kx a=—w'r r = Asin(wt + ¢) v =wd cos(wt + ¢) T'=27 -Vl' T E= 5 kA
PRO TIPS
dy TNUR CONCEPTCLEAR  PRACTICEMORE ~ SCORE HIGH i
'@ = ::':n‘;": R drrarences Retwacn G’E SHM is all around us. Understand

» Draw graphs to understand relationships. it well, and you understand the

|
« Practice numericals for better accuracy. rhiythm of nature!
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