
v (Periodic motion) :


(Periodic motion) 





(i) Non – Harmonic motion

(ii) Simple harmonic motion.

 

(Oscillatory) 

(equilibrium point) 

     



M -  

(equilibrium Position) x 

 a  x

a = –kx

K 

F = ma = –mkx = Kx.

K – 

Terms related to periodic motion)

v (Amplitude) :


 (amplitude) 

 OC = OB (=A)    (SHM) 



v (T) (Time Period)


“T” 

a - C B C 

O - B - B - C - C O - 



v (n) Frequency :



1 !n nT
T

 

Hertz

(Oscillations and Waves)

A A

C O B
(a)

.         . .
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v (Phase) :












b - x - 
(Zero) X1 - 

 (or) 2
T

v (initial phase or epoch) :
t = 0 
b - (Zero) 
x - 

(Po)  PoOX 
Po - (t = O),
Po  = wt + .
 = 







v 
(Displasement) :
` N - ON = X,

 O 

cos ON
OP

   ON = OP cos  .......... (i)

 x = OP cos  ........... (ii)
 - OP OX


`        
(A) 
p - x - t 

 = wt  .............. (i)
 x = A cos wt ............... (ii)

N 


2 2w n
T
  

T – 
n – 

(ii) 
2cosx A t
T




 x = A cos 2nt ................  . (iii)
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v b - y t P.N. 
 YOP  b - t 
x - p  YOP  

x = ON = OP  PON A  cos (90 – ) = A  sin  x = a Sinwt  ( = wt)
yy1 – yy1 - 



y  = A sinwt.   (OR)   y = A coswt ........................ (iv)
(C) PO P 

 O OP OX P OP Wt 

Wt =  +   = Wt –   ................. (v)

 cos cosO
Ox A P X A POP P OX  

x = A cos (Wt – )

(d) x = A (Wt + ) = A sin  ( 2


+ Wt + )
x = A sin (Wt + ) ............... (vi)

 = ( 2


+ ) - 

x = A sin (wt – ) ............. .(vii)


   (vi)    (viii) SH M - 

v (Velocity) :
x = A cost Wt.


V = dx
dt

  = d AcasWt
dt

 V    = – Aw sin Wt => sin Wt = 
V

AW
cos Wt  = 

x
A sinWt = 21 cos wt 

sinWt = 
2

21 x
A

 

V
Aw



2

21 x
A

  

2 2 ..................... ( )V A x viii  
V

Aw
 2 2A x

A


 




(i) x = 0   (O-
Vmax = + AW

(ii) x  = +A x, x1  
 Vmin = 0

P

Po

x
wx1

w

wt
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v (Acceleration)
S.H.M.


 sinD Aw wtdVa

dt dt


 

= –Aw2  coswt = w
2dV Wa

dt dt


  x

a = –w2x. ................ (ix)


` (ix) 
(i) x = + A x x1 amax = + 2A.
(ii) x = 0 (O 

a = 0
v (Simple Harmonic motion)

(periodic) 



      


F  – x F = –Kx
k - 


K - 
Nm–1 MLOT–2.
` 


U 


`   (periodic motion)    
(Simple Harmonic Mition).

` F = – Kx 
v 



2 aw
x



aw
x

 




(T)

2 2 12 2
9 /9 /

T
w xx
       





2T 


 



12 2
9 /

mT max
x
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F = Ma 
2 mT F

x



 2T 




     F = Kx (

2 2m mT kx k
x

   

2T 





1 1

2
n

T 
 








v 

`   


(mean position) 






` m - X V 

  2 2 221 1Ek = mv  =
2 2

mw A x   2 2V W A x  


2w
T


  A -    

F = ma = mw2x
   dx     
dw = Fdx = mw2xdx


2 2 2

0

1
2

x
Ep mw x dx mw x 

  2 22 2 21 1
2 2

E Ex Ep mw A x mw x    

2 21
2

E mw A w = 2n

 2 2 2 2 21 2 2
2

E m n A n mA  


(x) 
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v 
(i)  x = 0 


Ex 
221

2
mw A

(ii) x = +A 


Ex   2 2 21 0
2

mw A A 

v 
(i) x = 0 Ep = 0
(ii) x  =   A  


Ep  221
2

mw A

v 
  


v      x,  v 
a 

x = A sin wt = A sin 
2 t
T


––––> (i)

U = Aw coswt = Aw sin 
2

2
t

T
   

 
––––> (ii)

a  = – Aw2sinwt = Aw2sin  
2 t
T
   

 
 –––––> (iii)

A  T - 
x, v, a - 

(i) (When) t = 0 

X = A sin0 = 0  V = w sin/2 = Aw  a = Aw2 sin = 0
(ii) t = T/4 

x = A sin 
2

4
TX A

T
    

 
V = A wsin 

2 0
4 2
TX

T
    

 

a = Aw2sin 
2

4
TX

T
   

 
 = –Aww2

(iii) t = T/2

2sin 0
2
Tx A X

T


 
2sin

4 2
TV Aw X Aw

T
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(iv) t = 3T/4 (v) t = T

x = A sin 
2 2

4
TX A

T
    

 
 x = A sin 2 = 0

V = Aw sin = 
2 3 0

4 2
TX

T
    

 
 V = Aw sin (2 + /2)  = Aw

a = w2 sin 
22 3

4
TX Aw

T
    

 
  2 sin 2 0a Aw    

Time (t)  0 T/4 T/2 3T / 4 T

 0 A 0 –A 0
 Aw 0 –Aw 0 AW
 0 –Aw2 0 Aw2 0


(i) 


(ii) W2 
(iii) /2 

v 
SHM -  t - x 


SHM 

m 

F = Ma = m 2

2d x
d t

SHM - 

2

2
d xm x
dt

   2

2d xm Kx
dt

 

2

2
d x k X

mdt


  
2

2 0d x k x
mdt

  

2k w
m

 

2
2

2
0d x w x

dt
 


 x = A sin (wt +  )

A -   - 
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(Oscillations of spring)
‘L’ 

   

m -   

“l” F = –Kl

     





(i) (F) (ii) (mg)
F + Mg = 0 – Kl + Mg = 0

Mg = Kl
 “y”  

(l + y).


F1 = –K (l + y)
(1) 

F11 = F1 + mg = –k1 – kg + mg [K1 = mg]
= – mg – kg + mg = –ky

F11 = –ky a =  –
k
m

 
 
 

y a  – y

11Fa
m

 
K
m 





 2 2 mT
k

  




a k y k
y m a m

 
  

 


` m K 



 2 mT
k



` m M 

 / 3
2

m M
T

k





` K N (m 

 2 mT
Nk
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` m1 m2 
K 

 2 MT
K

 
21

2
m m

M


 

K1, K2 


 

 

21

1 1 1

SK K K
  Kp = K1 + K2 Kp = K1 + K2



2 mT
Ks

 2 mT
KP

 2 mT
KP



 1 2

1 2
2

m K K
T

K K





1 2
2 mT

K K


 1 2
2 mT

K K






l1, l2 

l1 l1 = k1 = k 
1

21
l
l

 
 

 

l2 l2 = k2 = k  
2

11
l
l

 
 

 
v (Simple pendulum)



     (inextensible) 

(flexible) 

(point mass) 
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(effective congin of the pendulum) 
 
p 

(i) mg 
(ii) T (Ps - 

P - Mg - Mg cos (T) 
T = Mg cos

Mg - Mg sin PB (O 


  4O 

sin x
l

   l  = x  =
x
l

{x = OP}

F = – mg = – mg 
x
l


F gxa
m l


  (1)

g
l a  – x 

S.H.M. a = –w2x

W2 = 
g
l   W =

g
l



2 2 lT
w g
  

v 
` Un Damped Oscillations  








(Dissiposive forces) 


` (Damped Oscilaltions):



` Demped Simple harmonic motions :




(drag force) 
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e–bt/2m(i) (Periodic)

x (+) Cosine xe–bt/2m 
b - 

b = 0 (ii) x(t) (iii) w1,
x (+) 


(indamped) 

21
2 mE Kx

(Demped) 


xm = xme–bt/2m

    2/2 2 /1 1
2 2 m

bk m bt mE L xme Kx e   



 1b
Km

 

v 

(Forced Oscillations and Resohance)
















Fd 






Fd = – bV (x 

b - 

FS– = Kx. 

ma (t) = –kx (–) – bv (t)

  dxV
dt

 
2

2
d xa
dt



2

2 0md x dxb kx
dtdt

    ......................... (i)



(i) x (+) = xme–bt/2m  cos (w’t + ) .....................(ii)
xm – w1 

QB365 https://www.qb365.in/materials/




1

2

2

4
k bw
m m

 

Cosine x (t) 

 /2bt me 

` 
(1) (w) 


(2) (wd)

F (t) 
F (t) = FO cos wdt

(Restoring force), (damping force) 
(driving force) 

m a (t) = – kx (t) – bv (t) + FOCos wdt –––– (i)

 
2

2 cosO
d x dxm b kx F wd t

dtdt
   ––– (ii)

(Free oscilaltiosn) 
Wd 


x (t) = xm cos (wd t + ) 

   1/2
2 22 2

m
FOx

m w wd wd b


  ____ (iii)

w wd - 
(ii) x (+) = A| (cos wdt + d) A1 wd 

W - t

 
1

2 22 2 2
1/2

2

FoA
m w wd wd b


   
 


1tan O

Owd x


   
  

 

v 
(i)

 (small damping)  (wd) << 
(w)

  2 2
1

d

FoA
m w w




(ii)



1

d

FoA
w b
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1. (2014) 



1.2 Hz,  0.83S 2.5 Hz, 1.2S 2H2,  1.2S 2.5 Hz, 0.83S
 (2012) 



 

 





 6


 
2
3




 4cm
16cms–2 

1s 2.572s 3.142s 6.028s
 U 

 





 



(a) 

 

 

    

 y1 = 10 (sin 2t + cos2t) y2 = 5 sin (2p + ) 



    3 : 1
 (T) 16S  

(Mean Position) 

0.2ms–1 

a) 1.44m b) 0.72m c) 2.88m d) 0.36m
 x = 5 cos (2/ + 4) 

t = 1 


2
5

m


1
3 m 

1
2

m 
1
2

m 
5
2

m

 x1 = a sint + a cost x2 - a sinwt  + 2
a

coswt 




3 ,
2 12




3 ,
2 12




2 ,
123



3 ,
2 6
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 y = ax – bt 




bxt
a

 


bxt
a

 

 x x = A cos (wt + ). t = 0 

x  = 0 x (–x) 



 2


  0

 y1 = 5 sin (100t) y2 = 4 cos (100t + /4), 


 4


 2


 
3
4


 3


 0.2m 225, 
0.1m 
s s s s

 x = 5 sin (3t + 3  cos 3t) 

   
 x1 = A sin (wt + /6) ;  x2 = A cos wt 

 6


 3


 2



2
3


 

y = sinwt - costwt      y  = sin2wt y = 5 cos (
3
4


-3wt) y = 1 + wt + w2t2

 
 

coswt + sin wt sinwt - coswt 1 - sin2wt sin wt + cos (wt + )
 x (t) = A  cos (wt + )  

   

 

 

U 



 6s 




3
2

s 
1
2

s 
3
4

s 
1
4

s

 T 



 2
T

 4
T

 6
T

12
T
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 x = 4 [cost + sin t] 

–4 4 4 

 x x = a sin2wt 


w



3
2
w



 2
w



 0.5ms–1 1.0ms–2



2 rad s–1 0.5 rad s–1 2p rads–1 0.5p rads–1

  



2



2



2

2







 s, 

0.1m/s 0.03m 

0.08m/s 0.05m/s 0.004 m/s 0.01 m/s
 x = A cos wt x – t - (w -

a t 

  

 10Kg 1000Nm–1  (K)   


200ms–2 10ms–2 0.1ms–2 100ms–2

 7mm 4.4ms–1 
 100s 0.01s 10s 0.1s

 4Kg 800Nm–1 
 4J ms–2 
   

 





 m (x x = a sinwt, 

  

 

 2  2  2 /   2 / 
 Vm 



 2


 VVm 
2


Vm  4


Vm  2
Vm

a

T

a
To

a a

T
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  (V) 

4V2 = 25  – x2 

s 2s 4s 6s
 Ö«õ |  >M ßæöç Ä ÖBÂï º ï o [  ¼ï Vð  ¶ ] ì Øk õ ï ^  100rads–1 1000rads–1 



   

 x 



4  2


 2



2

 

0O 90O 120O 180O

 12cm / s2 



s s s s
 2 rads–1  (w) 

60mm 20mm 

118mms–1 113 mms–1 90mms–1 131 mms–1

 8s
(cm / S) 

  2


 3


 4


 10Kg 600N/m 
   


 60 0.2 /X m s 60 X 0.2 m/ s  60 X 2 m/s 6 X 0.2 m / s
 220g 50cm2 


1.5Hz 25Hz 3.5Hz 4.5Hz

 



 

  




 

 5cm 


 30 cm  10 cm  20 cm  5 cm
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 · ò ^ \ V¤ o  5 X 103N–1

6.52 Nm 1250 Nm 18.75Nm 25.00Nm

 g 
  2 
 

 


1
2 

1
4 

1
2 

3
4

 A 
(KE) (P.E) 


.
2

P EKE   2 .KE P E KE = PE 
.
2

P EKE 

 
ex  x3 10gx x2

 A.   


 4
A

 2
A

 2
A

 3
A

 fx 

 f  2
f

2f 4f

 SHM V = 1.60sin
(6.28t)ms–12s 
0.778J 0.384J 0.192J 

 KOcos2wt. 



 / 2OK KO   KO 2KO KO KO O 2KO

 3g y = 3 sin (0.2t). 

(A/3) 1/3 

12 X 10–3J 25 X 10–3J 0.48 X 10–3J 0.24 X 10–3J
 A 

A2 A  2
1

A 1/A

 


1


  

 M  
T m 

¶ ] ï öÝ>V_  ¶ >[  ¶ ç é ¡ ï Vé D 5
4 T 

m
M 


9

16 
5
4 

25
16 

4
5
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 m1 A 
m1 m2
A1 

 1A
A (m2 < m1)



1
2

1

1 2

m
m m
 
  



1
2

1 2

1

m m
m

 
 
 



1
2

2

1 2

m
m m
 
  



1
2

1 2

2

m m
m

 
 
 

 l m - . 

mgl (1 + cos) mgl (1 + cos2) mgl (1 - cos) mgl (1 - cos)
 M m - 

X - 



 2
( )

mgT
X M m


 

( )2 M m XT
mg

 
  2 ( )

mgT
X M m




 
( )2 M mT

Mg
 



 45O 
V V + X - X 

   1
2  2

V
 ( 2)V

 2S 



1
2 2 2 

1
2   2

 200g 50cm2 4cm (bottle) 

1.5Hz 2.5 Hz 3.5Hz 4.5 Hz

 9.8m 
0.159s 3.14s 5.6s 6.28s

 K



2
3

K 
3
2

K 3K 6K

 

   

 

   

 

   

 1m  60   = 30O 



10ms-2 7.5ms-2 5ms-2 5 3 ms-2 2.5ms-2

 K 

 2
K

K K/2 2K
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F = Ma 
2 mT F

x



 2T 




     F = Kx (

2 2m mT kx k
x

   

2T 





1 1

2
n

T 
 








v 

`   


(mean position) 






` m - X V 

  2 2 221 1Ek = mv  =
2 2

mw A x   2 2V W A x  


2w
T


  A -    

F = ma = mw2x
   dx     
dw = Fdx = mw2xdx


2 2 2

0

1
2

x
Ep mw x dx mw x 

  2 22 2 21 1
2 2

E Ex Ep mw A x mw x    

2 21
2

E mw A w = 2n

 2 2 2 2 21 2 2
2

E m n A n mA  


(x) 
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v 
(i)  x = 0 


Ex 
221

2
mw A

(ii) x = +A 


Ex   2 2 21 0
2

mw A A 

v 
(i) x = 0 Ep = 0
(ii) x  =   A  


Ep  221
2

mw A

v 
  


v      x,  v 
a 

x = A sin wt = A sin 
2 t
T


––––> (i)

U = Aw coswt = Aw sin 
2

2
t

T
   

 
––––> (ii)

a  = – Aw2sinwt = Aw2sin  
2 t
T
   

 
 –––––> (iii)

A  T - 
x, v, a - 

(i) (When) t = 0 

X = A sin0 = 0  V = w sin/2 = Aw  a = Aw2 sin = 0
(ii) t = T/4 

x = A sin 
2

4
TX A

T
    

 
V = A wsin 

2 0
4 2
TX

T
    

 

a = Aw2sin 
2

4
TX

T
   

 
 = –Aww2

(iii) t = T/2

2sin 0
2
Tx A X

T


 
2sin

4 2
TV Aw X Aw

T
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(iv) t = 3T/4 (v) t = T

x = A sin 
2 2

4
TX A

T
    

 
 x = A sin 2 = 0

V = Aw sin = 
2 3 0

4 2
TX

T
    

 
 V = Aw sin (2 + /2)  = Aw

a = w2 sin 
22 3

4
TX Aw

T
    

 
  2 sin 2 0a Aw    

Time (t)  0 T/4 T/2 3T / 4 T

 0 A 0 –A 0
 Aw 0 –Aw 0 AW
 0 –Aw2 0 Aw2 0


(i) 


(ii) W2 
(iii) /2 

v 
SHM -  t - x 


SHM 

m 

F = Ma = m 2

2d x
d t

SHM - 

2

2
d xm x
dt

   2

2d xm Kx
dt

 

2

2
d x k X

mdt


  
2

2 0d x k x
mdt

  

2k w
m

 

2
2

2
0d x w x

dt
 


 x = A sin (wt +  )

A -   - 
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(Oscillations of spring)
‘L’ 

   

m -   

“l” F = –Kl

     





(i) (F) (ii) (mg)
F + Mg = 0 – Kl + Mg = 0

Mg = Kl
 “y”  

(l + y).


F1 = –K (l + y)
(1) 

F11 = F1 + mg = –k1 – kg + mg [K1 = mg]
= – mg – kg + mg = –ky

F11 = –ky a =  –
k
m

 
 
 

y a  – y

11Fa
m

 
K
m 





 2 2 mT
k

  




a k y k
y m a m

 
  

 


` m K 



 2 mT
k



` m M 

 / 3
2

m M
T

k





` K N (m 

 2 mT
Nk
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` m1 m2 
K 

 2 MT
K

 
21

2
m m

M


 

K1, K2 


 

 

21

1 1 1

SK K K
  Kp = K1 + K2 Kp = K1 + K2



2 mT
Ks

 2 mT
KP

 2 mT
KP



 1 2

1 2
2

m K K
T

K K





1 2
2 mT

K K


 1 2
2 mT

K K






l1, l2 

l1 l1 = k1 = k 
1

21
l
l

 
 

 

l2 l2 = k2 = k  
2

11
l
l

 
 

 
v (Simple pendulum)



     (inextensible) 

(flexible) 

(point mass) 
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(effective congin of the pendulum) 
 
p 

(i) mg 
(ii) T (Ps - 

P - Mg - Mg cos (T) 
T = Mg cos

Mg - Mg sin PB (O 


  4O 

sin x
l

   l  = x  =
x
l

{x = OP}

F = – mg = – mg 
x
l


F gxa
m l


  (1)

g
l a  – x 

S.H.M. a = –w2x

W2 = 
g
l   W =

g
l



2 2 lT
w g
  

v 
` Un Damped Oscillations  








(Dissiposive forces) 


` (Damped Oscilaltions):



` Demped Simple harmonic motions :




(drag force) 
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e–bt/2m(i) (Periodic)

x (+) Cosine xe–bt/2m 
b - 

b = 0 (ii) x(t) (iii) w1,
x (+) 


(indamped) 

21
2 mE Kx

(Demped) 


xm = xme–bt/2m

    2/2 2 /1 1
2 2 m

bk m bt mE L xme Kx e   



 1b
Km

 

v 

(Forced Oscillations and Resohance)
















Fd 






Fd = – bV (x 

b - 

FS– = Kx. 

ma (t) = –kx (–) – bv (t)

  dxV
dt

 
2

2
d xa
dt



2

2 0md x dxb kx
dtdt

    ......................... (i)



(i) x (+) = xme–bt/2m  cos (w’t + ) .....................(ii)
xm – w1 
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1

2

2

4
k bw
m m

 

Cosine x (t) 

 /2bt me 

` 
(1) (w) 


(2) (wd)

F (t) 
F (t) = FO cos wdt

(Restoring force), (damping force) 
(driving force) 

m a (t) = – kx (t) – bv (t) + FOCos wdt –––– (i)

 
2

2 cosO
d x dxm b kx F wd t

dtdt
   ––– (ii)

(Free oscilaltiosn) 
Wd 


x (t) = xm cos (wd t + ) 

   1/2
2 22 2

m
FOx

m w wd wd b


  ____ (iii)

w wd - 
(ii) x (+) = A| (cos wdt + d) A1 wd 

W - t

 
1

2 22 2 2
1/2

2

FoA
m w wd wd b


   
 


1tan O

Owd x


   
  

 

v 
(i)

 (small damping)  (wd) << 
(w)

  2 2
1

d

FoA
m w w




(ii)



1

d

FoA
w b
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1. (2014) 



1.2 Hz,  0.83S 2.5 Hz, 1.2S 2H2,  1.2S 2.5 Hz, 0.83S
 (2012) 



 

 





 6


 
2
3




 4cm
16cms–2 

1s 2.572s 3.142s 6.028s
 U 

 





 



(a) 

 

 

    

 y1 = 10 (sin 2t + cos2t) y2 = 5 sin (2p + ) 



    3 : 1
 (T) 16S  

(Mean Position) 

0.2ms–1 

a) 1.44m b) 0.72m c) 2.88m d) 0.36m
 x = 5 cos (2/ + 4) 

t = 1 


2
5

m


1
3 m 

1
2

m 
1
2

m 
5
2

m

 x1 = a sint + a cost x2 - a sinwt  + 2
a

coswt 




3 ,
2 12




3 ,
2 12




2 ,
123



3 ,
2 6
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 y = ax – bt 




bxt
a

 


bxt
a

 

 x x = A cos (wt + ). t = 0 

x  = 0 x (–x) 



 2


  0

 y1 = 5 sin (100t) y2 = 4 cos (100t + /4), 


 4


 2


 
3
4


 3


 0.2m 225, 
0.1m 
s s s s

 x = 5 sin (3t + 3  cos 3t) 

   
 x1 = A sin (wt + /6) ;  x2 = A cos wt 

 6


 3


 2



2
3


 

y = sinwt - costwt      y  = sin2wt y = 5 cos (
3
4


-3wt) y = 1 + wt + w2t2

 
 

coswt + sin wt sinwt - coswt 1 - sin2wt sin wt + cos (wt + )
 x (t) = A  cos (wt + )  

   

 

 

U 



 6s 




3
2

s 
1
2

s 
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4

s 
1
4
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T
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T
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T
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 x = 4 [cost + sin t] 

–4 4 4 

 x x = a sin2wt 


w



3
2
w



 2
w



 0.5ms–1 1.0ms–2



2 rad s–1 0.5 rad s–1 2p rads–1 0.5p rads–1

  



2



2



2

2







 s, 

0.1m/s 0.03m 

0.08m/s 0.05m/s 0.004 m/s 0.01 m/s
 x = A cos wt x – t - (w -

a t 

  

 10Kg 1000Nm–1  (K)   


200ms–2 10ms–2 0.1ms–2 100ms–2

 7mm 4.4ms–1 
 100s 0.01s 10s 0.1s

 4Kg 800Nm–1 
 4J ms–2 
   

 





 m (x x = a sinwt, 

  

 

 2  2  2 /   2 / 
 Vm 



 2


 VVm 
2


Vm  4


Vm  2
Vm

a

T

a
To

a a

T
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  (V) 

4V2 = 25  – x2 

s 2s 4s 6s
 Ö«õ |  >M ßæöç Ä ÖBÂï º ï o [  ¼ï Vð  ¶ ] ì Øk õ ï ^  100rads–1 1000rads–1 



   

 x 



4  2


 2



2

 

0O 90O 120O 180O

 12cm / s2 



s s s s
 2 rads–1  (w) 

60mm 20mm 

118mms–1 113 mms–1 90mms–1 131 mms–1

 8s
(cm / S) 

  2


 3


 4


 10Kg 600N/m 
   


 60 0.2 /X m s 60 X 0.2 m/ s  60 X 2 m/s 6 X 0.2 m / s
 220g 50cm2 


1.5Hz 25Hz 3.5Hz 4.5Hz

 



 

  




 

 5cm 


 30 cm  10 cm  20 cm  5 cm
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 · ò ^ \ V¤ o  5 X 103N–1

6.52 Nm 1250 Nm 18.75Nm 25.00Nm

 g 
  2 
 

 


1
2 

1
4 

1
2 

3
4

 A 
(KE) (P.E) 


.
2

P EKE   2 .KE P E KE = PE 
.
2

P EKE 

 
ex  x3 10gx x2

 A.   


 4
A

 2
A

 2
A

 3
A

 fx 

 f  2
f

2f 4f

 SHM V = 1.60sin
(6.28t)ms–12s 
0.778J 0.384J 0.192J 

 KOcos2wt. 



 / 2OK KO   KO 2KO KO KO O 2KO

 3g y = 3 sin (0.2t). 

(A/3) 1/3 

12 X 10–3J 25 X 10–3J 0.48 X 10–3J 0.24 X 10–3J
 A 

A2 A  2
1

A 1/A

 


1


  

 M  
T m 

¶ ] ï öÝ>V_  ¶ >[  ¶ ç é ¡ ï Vé D 5
4 T 

m
M 


9

16 
5
4 

25
16 

4
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 m1 A 
m1 m2
A1 

 1A
A (m2 < m1)



1
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1 2

m
m m
 
  



1
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1 2
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m m
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1
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m
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1
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m m
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 l m - . 

mgl (1 + cos) mgl (1 + cos2) mgl (1 - cos) mgl (1 - cos)
 M m - 

X - 



 2
( )

mgT
X M m


 

( )2 M m XT
mg

 
  2 ( )

mgT
X M m




 
( )2 M mT

Mg
 



 45O 
V V + X - X 

   1
2  2

V
 ( 2)V

 2S 



1
2 2 2 

1
2   2

 200g 50cm2 4cm (bottle) 

1.5Hz 2.5 Hz 3.5Hz 4.5 Hz

 9.8m 
0.159s 3.14s 5.6s 6.28s

 K



2
3

K 
3
2

K 3K 6K

 

   

 

   

 

   

 1m  60   = 30O 



10ms-2 7.5ms-2 5ms-2 5 3 ms-2 2.5ms-2

 K 

 2
K

K K/2 2K
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