A Brief Introduction to
Resonance in the Damped, Driven Simple Harmonic Oscillator

just a small part of what can be done with TeachSpin's Torsional Oscillator

P g U ! $ #%
% 1 #! & 1 ] LR ] (R ]
! C )*+# S
-. ="/ $ N1 /23-
' $' % Il# ' LB ] LA #
# - 203 1) #1 % o # !
¢ )"+ $ # 8
0 / $
1&# 1 % oo+ # # 1
o 4 4 1)
5 J 1o & $ %
) ) % / % % $ $ 23 1 4
6+ )& *+ 1 "
0 -
+1 1 ) 1 4 ## 1
1 ! ! 4
! ! $ 4 # w1 o+ $
B+ % - S !
1 %
! # $ Y $ 4 2
# $3 1 4 # # ## !
$ % % -"% 0
1 + / 23 $
4 $ 7 # " $ -
l ll$ # '
$ $ 4 23-  23- 23
& 1 % %
0 - - " 0 1 23
! % $ $ 4
0 1% 0 1 23 - 23
! 1 /% 4 # N 8
14 # 1/ TN I



6

!
ol
4
# S
#
5
1o

5 $ 1S 4 !
% # " + 1 % 4
# % /# $
23 /#2° 3 9 2" 3"
+1 1) 4 ) P
! %
- 203 -%09 2 3:
8/# " 23 L]
4 # + 1 $ #
" $ 23 # # 23
g 0.5 ﬂ;
S 3
e 0
<’:: -0.5
o 2 ‘
Time after release, in seconds
.38, 1 8 4 $
] 4 % Il# 1 % L B
) $ $ $
=i B ! ) # % %
23 - /#2232 ' 3
+1 # $ +1 $
VAS I % $
H 4 -2> 3
) g oo H S
/4 $ 1 # 2 3
11 I N 4
& $1 ) 0% 1+ /%
# # 3 % I
I + # O$2+! -3

e RO 0

8

/#

0.07

I
o o
o o
a =3

o
o
=

Residuals from best fit, shown expanded 20-fold

%

%

1%



s 5 \k\\&
.
© O wave constant
% 4 | \ theory g
3 3
S 2
o 1
0 0.8 1.6 2.4 3.2 4 4.8 5.6 6.4
Decay constant of exponential envelope, in s
-$ ' ' #
2 + 3 $ !
5 ! ! $ 1!
# % 1
& % ! ?7 % %
o /# + ) s %
4 3 ! ' /# " 2 $ @ zero /
! ook $ " # / 4
4 # % ' /# # !
$ # 3 + $ HU#H + H
') # o+l # matching ! ) ) #
T "'# /# $1 4 !
$ 3
23 - 2
+ 1 " 4 ! % ! % $
/ + ) ! # ! #
e + I+] %A 3
23 - 2 "3
C oy ! ) # #1
ot ' " r 1 ! # #
! ) ) )% + 11 # ! $+

2 3

"# % 1!

Il%

%

2 (D]



$ N # 1 1 --# 1 #
! ! $ 4 2+ 1 "H !
+ 1 # $ rr#
# ! ,
23-2-3 92 ' 312 3!
# /"] - 1 "'# !
# )% ! 2 0 23-02 3 1 %
! “# $1 '
B B O % ** / ! 1&#
! % # % 1 % 1
% /# ! # 2 3
" U $+1 J+ 1)
o 4 7
z.)- 357 WC -
% 3L /\] h|
-_,02: 2.5 / \
SR |
g 1.5 / \ ]
¢ N
:‘:_’; 05 [ \\ ]
& J\"\"\:\
= 0 ‘ o o o R
0 0.5 1 1.5
Drive frequency, in Hertz
. $5>D$ # # S
I 4 I o
+ 1 no free parameters
! # + I
# I + + I !
1 # o ! w o4
4 # !
EE F
-0 - F
0@
! 4 # $ %
. 392 312 3 :7°

+ 1)

/

%



% ! % 1 , 1 ! % % 4 $
# + nw $ l nw +! ' $! l! L]
+1 1 % # $1 #

! #

[2]
s
S 3 -
o
£
() 2.5 —
2
°
o
= 5
o
2
©
©
= 1.5 ~
o
12}
c
o
Q.
s 1
kS
E 0.5 -
[%2]
[0
1]
© A
< 0 —— L 1 I T I . I
o
0 0.5 1 1.5
Drive frequency, in Hertz
$= I # 1 % + # + ' !
o1 1 # + 1 no free
parameters

) ! &

4 % noise + " ! &

% . 4 v +# % /# $
# ! + ' 1+ #
1+ % % I %1 ' % !



