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An oscillation is a motion that repeats, back and forth about an

equilibrium position: a mass on a spring, a pendulum, a guitar string, an

atom in a solid, a skyscraper in the wind. Simple harmonic motion (SHM) is

the simplest kind, and it is the model for all the others. It is also the start
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of Theme C: when a wave passes, every particle of the medium moves in
SHM.

You already have the two tools you need. From A.2: Hooke’s law F = —kx

and Newton's second law F = ma. From circular motion: the angular speed

o = 270/T. Put them together and you get the one equation of this topic, a

= —w’X.
|
= :
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4 | AX period T
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/] | X, v
: X = X,
|
amplitude x,
smooth table, no friction equilibrium position the same motion as a graph

A block on a spring at its two ends and In the middle. The displacement—time graph

N o) ) o . . .
or Ttvie savvie vriotiovr 1s a Shvie or cosivie curve.

Ulords that describe an occillation

Word Symbol Meaning

and unit

position object is zere

displacement X, m the distance from the equilibrium position, in

a stated direction (it can be negative)

amplitude Xy, M the maximum displacement from the

eguilibrium position

period T s the time taken for one complete oscillation
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frequency f, Hz the number of oscillations per unit time

angular ®, rad s™' o = 27tf: the frequency written as an angle
frequency per second (one oscillation = 2T rad)
(- 4y 9y — 9=l _ 9T
l =177 — £ W = &7 = &£7071
_J

N
N N

IR [ P

) 4

]
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Worked example 7
A particle completes S tull oscillations in 9.0 s. Find the period, the

frequency and the angular frequency.

. T =4.0/S =080 s.
2. f = 1/T =1/0.80 = 1.25 Ha.
3.0 =27/T = 21t/0.80 = 7.835 rad s~

PR R RN DR N R
R Y U I I PR Y

X Mictake
Taking the amplitude as the distance from one end to the other. That

distance is 2x,. A ruler that moves 12 cm from end to end has an

amplitude of 6 cm.
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The conditionc for SHM
oo oottt b et
A .

QroWS 177 exact proportion to thie displacement.

- )

— | conditions for simple harmonic motion (2 marks) - learn it word for

VvV O TOF

v _the acceleration (or the restoring force) is prnpartiamal to the

oo

—_d;lgp,laggmeygt from the p_r;uilihrium position

. R ) ap s

dienlacement)
cHSpracelmeint;

x to the right,

\%\
3

displacement x

A

m

I

1

F and a :
ﬁ|
T

I

I

)

x to the left,
F and a to the right

displacement.x

equilibrium

Displace the block either way: the force, and so the acceleration, always points back

to equilibrium. Double the displacement and the force doubles.

Ve

Defining equation of SHM: a = —@*X

a_o« x: “proportional to the displacement” - the minus sign: “opposite to

the displacement”
q _J
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bacic:

X Mictake

Answering * state the conditions for SHM  with the equation only. The

markscheme says do not award marks ¥or stating the defining equation:

a = —°X on Iits own scores 0, and at most | mark even It you define a

and x. Write the two conditions In words.

Two movre facte about SHM
v The period does not depend on the amplitude (the motion

is isochronous): a bigger swing takes the same time.
v With no friction, the amplitude stays constant. If the period

changes, or the amplitude changes, the motion is not SHM.

—FFJM—HW#ET—/ZTW—&’ a:—'-—(I)Zx

This is where a = —w comes from. Take a block of mass m on a spring of

spring constant k, on a smooth table.

Build it ctep by step

). Displace the block by x. The spring pulls back with Hooke’s law: F

—

= —kx (the minus sign: the force is opposite to x).

2. This is the only horizontal force, so it is the net force. Newton’s

second law: ma = —kx

v 2 Diidebymea = =Cl/m) x
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Important note

w2 = kim is true only for a mass—spring system. Do not
use kim for a pendulum, a floating block, a molecule or any
other system. For any other system, find what plays the part of
kim (see the next two sections), or use w? straight from the

data: o = 270/T, or from the gradient of an a—x graph.

Worked example 2

A mass on a spring of spring constant 180 N m™' oscillates with a
period of 0.90 s. (a) Find the mass. (b) The mass is halved and the
spring constant is doubled. What happens to the period?
). (a) T = 21t/m/k), so m = kT*/(472) = 180 x 0.90*/(47t%) = 3.69%
kg.
2. (b) T « m/k). mlk becomes (m/2)/(2k) = (m/k)/4, so T
becomes /(1/4) = 1/2 of its value: the period halves.

P e e el el L R T
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I
i \ restoring force = mgq sin 6

: e\ small 8 (radians): sin 8 = 0 = x/|
: |

: \ a=—gsing = —(g/)x

I

U N compare with a = —w:

I

: 0= g/

I

I

) T-=217llg)

T X
mg sin 8

\Z

angles it is proportional to x: SHM.

l. Restoring force along the arc: F = —mgq sin 8 (towards eguilibrium).

~ —_ ~
~ — ~n

I

1 I
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. 2 — — 1/7,) 1

: Y = ; 5 7497~ :
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P i e e e e e, o e -\

I.T=gT7(am) = 9.8 x 2.0°7/(91t%) = 0.99 m.

1 2.1 o« A, s0 G times the length gives +/4 = 2 times the period: 4.0 s.
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depend on the mass

/ln_y systfem: why we use ® e

2 — 2 —

symbol, «? that works for every system

w o ;\b fll_v/\v/\v/\v/\v/\. . ),AAAA%i

spring pendulum (small 8) two springs
F = —hx F x~ —(mg/l) x F = —kx — kx = —2kx
a-=-=Cle/m)-x a-=-=Cg/1)-x a-=-=C2k/m)-x
w’ = kim o’ = g/ w? = 2k/m
Same_method_every_time:_find_the_restoring_force, write_a_= =(...)_x,_and_the_bracket_is_c?2.

One method for every system Whatever is in the bracket is 2

Important note

Use @ = —?X for any system in SHM. Use k/m only for a
mass—spring system, and g/l only for a pendulum. When the
guestion gives you a graph or a period, find o from the data (o

= 27/T, or w? = —gradient of the a—x graph), not from kim.
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uacrruciorr.

1. Displace the block by x: one Spring is stretched by x and the other

IS squashed by x. Both push the block backs F = —kx — kx = —2kx.

[he acceleration—displacement graph

a = —w’ has the same shape as y = mx with m negative. So for SHM, the

graph of acceleration against displacement is a straight line through the

origin with a negative gradient, and

gradient of the a—-x graph = -’
so o = (—gradient), and then T = 21/w, f = /2T

/

gradient ==

e e B e it
N = -2.0 /0.050 = =40 s>

25 0.028 0450 x / m

| | |
PSS (Poocosa— )q poos== \ —————— rise —2.0
| |

|

|

L .

The line ends at *x,: the object never goes further than the amplitude. The largest

acceleration, 2.0 m s 2, is at the enads.
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How to explain from the graph that the motion is SHM (2 marke)

v Straight line through the origin, so a is proportional to x.

v Negative gradient, so a is opposite to x (directed towards equilibrium).

Two features of the graph, two conditions, two marks.

I-Ca) The line passes through the origin, So a & X, the gradient s

1
1
1
i
1 1
I ) I e o o o P W I
; rad s and T = 2N/632 = 0993 :
\——3.(c) The amplitude is the end of the line:r x, = 0.0S0 M. V, = OX, |
1 1
: = 6.32 x 0.050 = 032 m s™". :
v 4. (d) F =wma = m(—o) = 025 x (—40) x (-0.030) = +0.30 N :
1 1
i (positive: towards equilibrium,). :
1

Worked exampie &

For another object im SHM, the a—x graph 1S a straight tine through the

origin that passes through the point (x = =0.10m, a = 3.0 m 3 2/,

Find ¥*and then 1.

1. Gradient = 3.0/(—0.10) = =30 s72, so w?> = 30 s™°.

2. 0 = 27tf, so o’ = 410f? and * = ’/(41%) = 30/(410%2) = 0.76 s>
3. f=W0.76 = 0.87 RHa.

b -
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X Mictake

Taking w as the gradient. The gradient is —w* take the square root. And

drop the minus sign only after you have used it (w* = —gradient is

positive).

spring, —k).

Dicplacement, velocity

and acceleration gm,bés

Velocity is the gradient of the displacement—time graph, and acceleration is

the gradient of the velocity—time graph. Where x is at a peak, the x—t graph

is flat, so v = 0. Where x crosses zero, the x—t graph is steepest, so v is

largest. And a = —w’x means the a—t graph is the x—t graph upside down.
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|

37/4

L Y

The three gmplng ane rllmrfpr of a ppn’nd npm"l' The \/plnr/‘fy g)mpb reaches each ppnb

a guarter of a period before the displacement qraph.

£b=0 —mmmmmm oo )
< red: velocity
green:_acceleration
b=T/g  ——m—m—m— -3 S D----
at an end:
v-=-0;-a-largest
t=T/2 e e
/ % at-equilibrium:
v largest, a = 0
SOl oeeremeceooed oo >
t=T = mmmmmm e O

=5

equilibrium

One cycle, released from +x,. Velocity is largest in the middle; acceleration is largest

at the ends.
D . . » (] . .
[
7+17] TaY1]
T 77
(Y KY | [y yd Ky Y
eguiibriam X Inaxivmavr— Zero VITaXTVVTaVYT ZET0
a)
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an end (x = 2ero maximum, towards  2ero maximum

*x,) the centre

Ax/cm

2 —__‘I____T_ﬂ__'l' ———————— T_“fl\“'l
| | | I | |

,.-___J____J;_/___l__\_i. ________ AL

A
N

2 S 8 s WSttt B A A M 1
AN/ L NS [

0. 0.2 0.3 0.9

Graph for worked example 7.

0 max 0

ST Gy = 0% = 3147 X 0.020 = 20 m 52,

3. (¢) Velocity zero: at a peak or trough, e.g. t = 0.0S s. Velocity

positive and largest: where the graph rises most steeply, e.g9. t =

0.10 s. Acceleration positive and largest: where x is most negative,
eg.t = 0.0S s.
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Same direction or ap,bos'ite?
Velocity and acceleration are in the same direction while the

object moves towards equilibrium (it speeds up), and in

opposite directions while it moves away (it slows down).

Energy in SHM

As the object oscillates, energy is transferred back and forth between

kinetic energy and potential energy (elastic potential energy for a spring,

gravitational for a pendulum). With no friction or air resistance, the total

energy stays constant,

/ E; (total)

© 2026 Ahmed Gomaa - HL Physics Notebook - C.1 Simple harmonic motion notes - Not affiliated with the IBO - page 14 of 31



E
N energy repeats every T/2

“Deccribe the enerqy changes during one oscillation” (2-3
marke)

v At the ends (x = #x,): all the energy is potential, the
kinetic energy is zero.

v At the equilibrium position: all the energy is kinetie
(maximum speed), the potential energy is zero (smallest).

v In between, energy is transferred from kinetic to potential

and back; the total energy is constant (no friction).

AEk_/’mJ
0T ———T— =N~ ~"T———

NN
A W R W S
/\,1\/ _____ :

Graph for worked example 8.
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Worked example &
The graph shows the kinetic energy of a particle in SHM against time.

Find the period of the oscillation.

l. At t = 0 the kinetic energy is zero: the particle is at one end.

2. At t = 0.20 s the kinetic energy is zero again: the particle is at the

other end, half a cycle later.
3. It is back at the start at t = 0.40 s, so T = 0.90 s.

BRI R R IR I DR R Y

X Mictake
Reading the period of an energy graph as the period of the motion. The

energy repeats every T/2, so the period of the motion is twice the period

of the energy graph.

10AS, 1 1at

o

We do not need to learn a new formula for each gquantity. Start from the

displacement, and differentiate: velocity is the rate of change of

displacement, and acceleration is the rate of change of velocity.

From x to v fo a

). Displacement (clock started at the equilibrium position, moving in

the + direction): X = X, SIn t.

2. Velocity = dx/dt. The derivative of sin wt is @ cos at: V= X,

co0S ot.
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Where doec the clock start?

+ Starts at the equilibrium position: x = x, sin wt, so v = wx,

cos wt.

+ Starts at an end (released from rest at x,): x = x, cos wt, so
V = —wX, sin ot and a = —w’, cos wt.

Either way, differentiate the x equation you have. You never

need a separate formula.

| Worked example 9 !

The displacement of a particle, in metres, is x = 0.030 sin(12t), with t
in_seconds. (a) Find the period and the frequency. (b) Write the

equations for v and a, and find v,,,, and a,,,,. (c) Find x, v and a at t

=010

o

Qmax = 953 M s~

3. (c) 12t = 1.2 rad (radians!). x = 0.030 sin 1.2 = 0.028 m; v =
0.36 cos 1.2 = 0.3 m s, a = —o* = —149 x 0.028 = —4.0 m s™2,

© 2026 Ahmed Gomaa - HL Physics Notebook - C.1 Simple harmonic motion notes - Not affiliated with the IBO - page 17 of 31



—————————————————————————————————————————————————————————————

Worked example 70

A particle oscillates in SHM with amplitude S.U wm and frequency 0.90

Hz. ATt = U /T IS af rest at x = +5.0 wwm. (a) Write the eguations for

x and v. (b) Find the velocity the Hirst time the displacement 15 2.5

mm.

). (a) o = 2nf = 21w x 0.90 = 2.5] rad s™'. It starts at an end, so x

= 8.0 cos(2.51t) (mm).

2. Differentiate: v = —12.6 sin(2.51t) (mm s™').

3. (b) 2.5 = 5.0 cos(2.5lt), so cos(2.5lt) = 0.5 and 2.5It = /3

(first time), t = 0.92 s,

4.v = -12.6 sin(1t/3) = =10.9 mm s' (negative: moving back towards

the centre).

_____________________________________________________________

2 44 g

Worked example 171

I 0o Vimax = @XJCX,) = @, s0 @ = 29/3.0 = 3.0 rad s .

T = 271/8.0 = 0.79 s.

\

2,
3. %X, = Vyarl® = 3.0/3.0 = 0.38 m.

PR e L L L]

X Mictake

Leaving the calculator in degrees. wt is an angle in radians: sin(1.2) in

degrees gives 0.02] instead of 0.932.

Speed at any dicplacement

Often a question gives a displacement, not a time. Then use the data-

booklet equation that links v and x directly. It comes from the two

eguations above: sin> + cos> = |, so (x/x,)> + (vlwx,)? = |.
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—

v = i(m/(xoz — x2) (data booklet)
+

because at the same x the object can be moving either way - at x =

0, v = wx, (maximum) - at x = x,, v =10

Worked example 12

A point oscillates in SHM with amplitude 6.0 ¢cm and period 1.5 s. Find

its speed when the displacement is 3.0 cm.

—

.o =21/l.S = 4.19 rad s,

2. v = x> = x2) =619 x f6.0>° = 3.0°) = 4.9 x 127 = 2.8 em

s”!

3. Note: half the amplitude gives +/3/2 = 0.87 of the maximum speed,

not half of it.

P e LI I I I R P

So far we Started the clock at a special moment: at the centre (X = X, Sin

wt) or at an end (X = X, ¢os wt). The data booklet gives one eguation that

works whatever moment the clock starts:

’ D
Part  Name What it telle you
X, amplitude how far the object goes from the centre
@ angular how fast it oscillates: T = 21/

frequency
4 J
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(ot +  phase, in rad  where the object is in its cycle at time t: one full

0) cycle = 27t rad

! : ) G srhere—the-object—is—amd-whic

S ) &) ) ) D
VVUy It V’lUVUb’ wWvICV] LViIC CIUCK oSLUlIto

Think of a point qoing round a circle of radius x, at w radians per second.

Its height above the centre line moves up and down in SHM: x = x,

sinCangle). If the point is already at angle @ when the clock starts, the

angle at time t is wt + ©. That is all o is: the starting angle. It does not

change the amplitude, the period or the enerqy.

turns at o rad s AX

[T KT N /
R \ [
\ | | \ /[
N \_/
\_

—

at t = 0 the point starts at angle ¢ x = x, sin(ot + ¢): the height of the point

The phase angle is the starting angle of the point on the circle. Here @ = 40° so the

graph starts at x, sin 40°, not at 0.

———+Jtiv-thevame acour method
1
" . .
i ' v
1 YA 3\ 2 [ S h 2 -l
I > V= 00X, C0S(Ot + 9/ = 0 = =X, SIMot + ¢/ = —0X. 1/ © COmes
1

i

) . ) ) ) ) ) )
you gct our x = Xq Sl WL, aria Witvi @ = l(/2 you gct X = X, €05 Wi,

) /N 19) O
vecause SIvIKg T+ I\j£/) — C0S U.
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'~ N _ -1 ~ 1

AN/ YD W) HVSD W
LN/ "N/ Y A

o ="0 o ="11/2 =T ¢ ="311/2"Cor=11/2)

at the centre, moving + at +x,, at rest at the centre, moving — at —x,, at rest

The four starting points that come up most. Each graph is the same oscillation, only

started at a different moment.

P \

How to find @

l. Put t = 0 in both eguations: x(0) = X, SIn @ and v(0) =

WX, €OS .

2. Use x(0) to get sin ¢. Between 0 and 2Tt there are two angles with

the same sine.

3. Use the direction of motion to choose: moving in the + direction at

= 0 means cos ¢ > 0; moving in the — direction means cos ¢ < 0.

—————————————————————————————————————————————————————————————

Worked example 13

An object oscillates in SHM with amplitude 0.20 m. At t = 0 its

displacement is +0.10 m and it is moving towards the equilibrium

position. Find .

l. x(0) = x, sin ¢: 0.0 = 0.20 sin @, so sin ¢ = 0.5, and ¢ = T/6 or

STt/6.

2. It is at +0.10 m and moving towards the centre, so it moves in the

— direction: v(0) < 0, so cos ¢ < 0.

3. cos(mt/6) = +0.87 and cos(ST/6) = —0.87, so ¢ = ST/6 (2.6 rad).

The calculator gives only Tt/6, which is the answer for moving away

from the centre.

PR R R R I o i R R N ] el sl
o A I PR P Y R L D IR SRR W
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1
— Worked example 14
The displacement of a loudspeaker cone, in metres, is x = 0.300

sin(amit + 11/2). (a) Find the frequency. (b) Where is the cone at t =

0? (c) Find the maximum speed and the maximum acceleration. (d)

Find x and v at t = 0.10 s. E

Reading @ in an exam
v ¢ =0 - starts at the centre, moving +. ¢ = T/2 - starts

at +X,. ¢ = T — centre, moving —. ¢ = 3T/2 -, starts at —x,.
v @ must be in radians, and the calculator too.

v ® is the number in front of t, never & + o.

Phase difference
- ot it - ve-at—different-points—of-thei
cycles: The phase difference says how far apart they are, as an angle.
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/T \N_ 7] _\\ /-~

f—nl—“—l-xw ——————— NN

| | |

P I R . 4. 1o 4
0:25 0:s 0:75 [

Same oscillation, different starting times. The phase difference comes from the time

shift At.

Phase difference: A¢ = (At/T) x 270 (rad), or the difference of

the two phase angles

one whole period = 21t rad (in phase again) - half a period = 1 rad

(anti-phase) - a guarter = /2

N

—
N
N

oscillations.

;
|

-

O CCT —CV7T T oTuUT

Phase differences inside one oscillation
From the graphs of x, v and a: the velocity is 7t/2 ahead of the

displacement (it peaks a quarter period earlier), and the
acceleration is T¢ out of phase with the displacement (a =

—w: anti-phase).
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—— B Energy equations

The kinetic energy I1s Vamv®, Put v, = wX, In it and you get the total

energy; put v = wv(x,2 — x2) in it and you get the kinetic energy at any x.

The rest is potential energy.

— —

(wy
~
\\

BameX,° Ep = 75 Gy*X* (data booldet)

Ex = Er — Ep = Voma®(x,® — x°)

the total energy o« x,% double the amplitude, four times the energy

Graph for worked example 16.
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Worked example 16

The graph shows the kinetic energy of a 0.50 kg mass in SHM against

its displacement. Find (a) the total energy, (b) the maximum speed,

(c) the period, (d) the potential and kinetic energies at x = .S cm.

). (a) At x = 0 all the energy is kinetic: Ex = 90 mJ.

2. (h) Yomv,,,2 = 0090 1 o v, = J2 x0090/0.50) = 0.60 m <!

]
7

= Va)
v

A 2] <
VVV)OXIAO N N ) >4 X

4. CaJ) E, < xT at half the amplitade €, = (172)> X 90 = 225 mJ

(check: 5 x 0.50 x 20% x 0.015? = 0.0225 J). E,, = 90 — 22.S =

67.5 ml.

e o o s o mn e oam a mh am oaw o e e aw e e e e o --Il------'

_____________________________________________________________

Worked example 17

A 0.50 kg body moves in SHM with amplitude 0.20 m and period T/S

s. (a) Find its total energy. (b) At what displacement are its kinetic

and potential energies equal?

x 10? x 0.20%° = 1.0 J.

2. (b) E, = E, = LET, so Yoma’)x* = Vo x Yomwx,%, giving x* = x,°/2

and x = x /o2 = 014 wm (not 010 m)

1. (@) o= 27/T = 21/(n/S) = 10 rad 5™ Er = Yima®x,?2 = V5 x 0.50

Hang the mass on a vertical spring. It now rests lower, at the point where

the spring force balances the weight: ke = mgq, where e is the extension.

This is the new equilibrium position. Measured from there, the extra force
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s T Yr 1))
svric periou 1= £ Ity v/ .

g SHM about the new

equilibrium position

¢e:-ke-—-m9 § for a horizontal spring

______ J——————————____§__]___________z____—__ T = 21t/(m/k), same as
<
m

natural_length equilibrium pulled_down_by_x,

Gravity only moves the centre of the oscillation down. It does not change the period.

Important note
For a vertical spring, Yomw?x? is the oscillation energy measured

from the equilibrium position. It is not the elastic energy stored
in the spring. The spring stores Ysk(extension)? and the
extension is e + x, not x. Some energy also goes into
gravitational potential energy: as the mass rises, kinetic energy

and elastic energy are transferred to gravitational energy.
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—————————————————————————————————————————————————————————————

Worked example 18

A 0.20 kg mass hangs at rest on a vertical spring with k = 8.0 N m™

(9 = 9.8 m s72). (a) Find the extension and the elastic energy stored

in the spring. (b) The mass is pulled down 0.10 m and released. Find

the period and the maximum speed.

l. (a) ke = mg, so e = 0.20 x 9.8/3.0 = 0.24S m. Elastic energy =

Yole* = Vo x 8.0 x 0.295* = 0.24 7.

2. (b) T = 2mtfm/k) = 21/(0.20/8.0) = 0.99 s. & = (k/m) = 6.32

rad s~

)

Vipax = 0%, = 6.32 x 0.10 = 0.63 m s™'.

3. Note: the oscillation energy is Yamw’x,®> = 0.040 J, but the elastic

energy at the lowest point is Yo x 8.0 x 0.345% = 0.48 J. They are

different guantities.

S mm mm Em mm o Em Em Em mm Em Em Em Em Em Em Em Em Em mm Em Em Em Em Em Em Em Em Em Em Em Em R Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em

marikscheres ook for-

“Ctate the conditione for cimple harmonic motion” (2
marke)

v The acceleration / restoring force is proportional to the
displacement (from equilibrium,).

v It is directed towards the equilibrium position / opposite to

the displacement.

The equation a = —w alone scores 0.
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‘Explain, ucing the graph, why the motion is SHM” (2
marke)
For an a-x (or F-x) graph:

v straight line through the origin, so a « x;

v negative gradient, so a is opposite to x.

‘Determine the period from the graph” (2-3 marke)
v gradient = —w? (show the numbers you read);

v o = (—gradient);

v T =21/o (or f = o/270).

“Deccribe the enerqy transfers during one oscillation” (2

marke)
v Kinetic energy is largest at the equilibrium position and zero

at the ends; potential energy is the other way round.
v Energy is transferred between kinetic and potential, and the
total stays constant (no resistive forces). For a vertical spring,

name gravitational potential energy too.

‘Ctate and explain the direction of motion at time t” (2

marke)
v Give the direction in words: “up”, “to the left”. “Towards the

equilibrium position” alone is not accepted.
v Explain with the graph: e.g. the elastic energy is decreasing,

so the extension of the spring is decreasing, so the mass moves

up.
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Chow that the period of a pendulum does not depend on

the mass” (2 marke)
v The restoring force is mg sin © and the inertia is m, so a =

—9 sin O & =(g/)x: the mass cancels.
v So w? =g/l and T = 21t /(/g), which has no m in it.
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Common misiakes

X Ten traps in C.1

| Writing only a = —w* for “state the conditions for SHM”. Write the

two _conditions in words. [0 marks for the equation alonel

2, Saying “the acceleration is proportional to the displacement” and

forgetting the direction (towards equilibrium / opposite to the

displacement).

3. Using w? = kim for a system that is not a mass on a spring. Use @’

from the data or the graph.

4. Taking w as the gradient of the a-x graph. The gradient is —w* take

the square root.

S. Measuring the amplitude from end to end (that is 2x,), or reading the

period from one zero crossing to the next (that is T/2).

6. Reading the period of an energy—time graph as the period of the

motion. Energy repeats every T/2.

7. HL: calculator in degrees in x = x, sin wt. Always radians.

8. HL: using x = x, sin ot when the object starts at an end (then ¢ =

T/2: x = X, cos wt), or taking the calculator's ¢ from sin @ without

checking the direction of motion (two angles have the same sine).

9. HL: thinking E, = E, at x = x,/2. It happens at x = x,/2 (at x,/2, E,
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Practice next

You have read the notes. Now practise, in this order:

|. Levelled practice: first a % at Level 2 in every topic (the
goal), then Levels 3 and 4 for a 6 or 7. Hints and worked
answers help you as you go.

2. 1B-format practice (Paper 1A - Paper 2): timed, one
attempt, and your report goes to your teacher. Do these

when the practice goal is reached.
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