Briel & Kjcer

I- £
¥ -] -
e B L R N RTE
: nn._..-&H.-.r..
(-
Hirt:
o5 In
ﬂ._. [ F- NS il
L .vm.-_.'.l&.-.-.
¥ B re B
554 : u...mu....n. fin o
mn.i o W Ao
__._n-ﬂ. R R
i - m-l.. L]
3 .ﬁt-._. el 1 ] B
'I.“_H...lu.-_.,. L =T ] "
& il 0 ] o L ]
e fempw g p s L ¥ o L
E e JCE R & ] 7 M
.._—HI-.'I [ - " s -
N By [* ¥ TR OEa FaEE = [ LB
. L2 L E 2 = g TERUET S ey o -
R R TS = 3 L} Elihg b - = P EE T e B o '
ik - 3 R 1 r L & = [ " il - oW ‘iq.
TE#*J 1 R BEY N g+ T T
=g gy § L] " = ¥ F ey [ 4
H.-_ il ll.l.___“ F NN L=l L]
= - L .ﬂ - h L] B S s LR
- -l £ o i -
'_..__..“. L] B ERky | [ o =
...“ o B = B R 1 o W
b “_I = v o i ] PE F -k
¥4 Ee ¥ i ~ -y P Y tm
_-.."“ - A ko ¥ [
il i ..-_h. T Epm L] B m Ll L
5 E .-..M-.l. - l.l._ﬁ = B - & ¥ ¥ ] .
| Y L I =i |- & A i Frgas "
o AET v E # m ] L]
i - - LT i = A B
.l.“. 4 - L 3 L ] - W B % o§ I I-.'
-l B - - u.ﬁ.l E R By -
L] & . .ﬂ ] “ T - = = u
. & E T = Fu
- Fe H..-. L L2 e L] 0 -
- Erie R Tl R ado ' .-.J_ .—.Mﬂl R s
. ¥ =1 L] .f-......l- F iy L]
; R S
] r & Wi
& i & ol W L
L | = i = =y g & ¥
o eEd b " + = LR, TE T = r
L P = A S B ¥ o - 4w i ey R =
rik u o B4 = £
a-. - £
K 2 -
-
" E .i.r.l..-..u-.. .
= -3 =iy
- .._H..H.. .-...a_.l 3 g
. ﬂ.l g TE oy
- TR g E = e u & i
Tl e ik @ i iy = p iR ol S
] b noa- o Nhed gy = i |
- _n_m.rl.m. - = Ol -
- a ] (X} i m - r LR = 5 &
i e £ 3 ) = T___.H w l_-._ﬂ_u.
. - = =5 [P 1 1 FRE] o
" - . L] R L] A = o
& S !.NJ.: - LA RE -
] - A o e .,.Hb..-. .|
= L F hi o 8 3 =
» ] = wn o h N L .|.rl_ﬂ.H -
[ 2 - v g g ) * N # - i Ll
.ﬁ x .t_. = - . z £ = B A R CEEEE E R & o] -
1 = '] Lo Hem “ [ 1 X B
| = o - ol e a i E B iy "oy
- T i = F] 5 - E R ] i B =+
= & i - g v 2 e o L4
- m MEa HhkpEE RNE x ey o w &a
g = o, B R T o =a e
# i =1 B .n... - L -
[ e - ¥
! 3 u A i L
2 % B o I 1§
g iy i -8 ehdadd n LELLE Ler EENETIYS i : By o
= ] LR L LR NE-H o E ] Wk R S TR = = iy g g Lo ¥ Frigs
i B e Ak b e Ml ] .q._....___. S T aed i . oD o T n_...._«,-_..“ﬂ..—._: Ry ; R L
ity g i -H bt A ke tal ok 1 . e L g et 5L . - L R Y T 48y A,
- . ks m n ¥k r " & 5 A Tl i 1 L LT, 1 pl il W a 5 =l
a i L i W F e I T U - B e - I .
1 . L - [ 1 BE 3 i [-LE ] " b y ¥ B i I ﬁ,. L]
L - R L3 LENE. ARy & ¥ 0k W § & W. 3
u kY = [
le | i L el B ] & x ] L3 'l
® ) = A BN P o R o i-F 418 b
' F L | - | SR W el B g i} 5w 4 [
" 4 = s h im0 & 0 podig s - - LR u b
" L5 ' o L L el - i
Ly L - s [ [ ] a 3 1 .
L - it -5 ¥
- TIRETEL] A - : 1 TR
B ] | 5 ol | A T
|._1 i P I 4 l_.u_..i_l.—r.r.h-_.- i.__..- . . >
' # . o " a.tu. a4 e
r 1 Y i J i il boar )
= 1 | . r o 8 L i) L -
r ¥ .. =8 =4
F- - ¥ L] 2 b -
4 -x * LE |
LI € - n.l.q W o i e ] -
Yl " ] [} - IH
i ir L] D )
< I rom - i
3 L L] L] i - OF
i T T
- - ¥ .n.__ 4 b
- L [ 3 - - [ B
=i by =
> 4 .H. 1 L] 1
i L R S L
- i = s 'l Tm L3 & o il L4 L]
£ % L d r u . m e ] o -
L] ' r ¥ a ] - # = A =g
: = .I_.-_I_.H_"..ﬂ“ihl.—.ii Eo R * - & E - W ¥ fran
[ ¥ 1 ] = - L
- Il «r = 5 " =B
. - b . e = . E 4 K LS
" - B . =g 5 s iaE w
¥ " 0 = = . n
=) = =¥ =
c L] - ¥ L SRSl % -
= T r T » .
o3 B i . - B LE =
& . frad ¥ -7 L oa
o s ] L e i .
*+ = i = . .
[ . F i Ll -
i 5 1 ] L L # = = = LR
" ] L] ] i § u -
L I EE A ' ¥
s 2l 0 ¥ ¥ s = 1 +h L]
SR L B R 3 ™ [ -.-..rﬂ...-“..—..1 -
N e i e L | F &l a @i LR % &l
S E 3Tl sh s ftamaly 44 ' Iia g =
A =8 B4 gy L Bl i £
. R a i ." ' L ° oy
B Al 1 29 ch I u
— & [ o A ool . . - -
B e e [l L] = L r bl -
- i L 5 F L]
ns &
g ) = - .
i.h.-. EY B "
- v Y r -
O Wl N o " o =
o 1 ¥ r - k] f e o
- " R e = L] =
iy - i i i " '] BT ]
[ . ] < - T ] i &
W & 5 0 T nr = 5.0 & g
LR - 4. | B i = [ -y
- [T Ul ] | 2
w - & -
%] ““.1 o
= Ty A,
= 1 - [ ¥
o
! - ks
] & LS
L o e -
(Ll [ PR = ¥
i g il
# 1 1} [ =] T -] iy
1 i 1 .HI:-.L L [ ol
. ] Ld ..“Jﬂ L ] & (Y] SRR
@l b g Ll B i i
[ :“. = M.z.__ £ ]
[ - _u. H LR ui L]
™ " i = B [
n 5 w b-l-._:.-_ Al - - L *]
1] 1 ol wen L R i L 1=
-..l.-...-_u.- m inEig (LR i L]
+ ) = [ omee B L T d b 10 el
L il 1 o B O B H
1 a1 " i 1 W ek s - iR
- : ¥ ] - n B T A - &
" . - [ TSR " 4 -8
| u.._" +.."_..-._.|.., L] [
3 .“.".“T__r....“.__ n “F
= n
& e HF-... » e ko
o A . e ] h.._"-r. L] ]
= nhﬁ. W oaly K ¥ b
H b g AT wE A Wk
a4 i n.n.-.:..:!— &
. i g LR - Wk gy " L [
v.m mb..u__ = & u.ﬂu.“-l.r [ [
L - 13 » LR AR S i .--“_
| SR L m.:-.H.. *r - L] - -____
L [ - w1 = i L eiitlh.
| .ﬂ-.-.._...”.__.".h..lt.i. 14 I k- ¥ n—_._.-. ' [ LR
3 * Ll i =
] iF i b 1 & e -
9 J = & ' "N P ol :
Halissrizitat £ : % 82
L1 e = ] 1 LY L LB -
1ﬂ il i 11.#!*. wE ¥ = . rl_._n L] 1] l‘l..”_ﬂ..—.
L L 5 EL R -?I-_m._.lnu_..-m._.._..n.lu B B H 4 H=s wi &
- [ £ T L E L TR L F - .mi.__. a [ - il
1-#..-._-_ " T R AR gy 1 i - H &
e H .r 1 - TE FFERY _m.il RS .Iﬂ.
3. —_.HH r re 2 = ¥ - [ i
s i ﬂ_l a8 p L 3 [ L " . L L
L 4l * 4 " = ur . ks T
Iﬂ.s. L H Aol . =} .—.
28 & T g 14 Ak e i g - Y T s LTS
| uh.. _J g Ll ot - B e R - e H i ow r
- £ bt o PEET ]
® m___. qL W 3 o= . @.-L ) -F
a1 - = - -
L] s H : u. -
L L, - ' u ol a
.FT.—M = n r . o |.—-.
L] - - ] T ] [} 1 L] N & w (] L}
“ﬂ E » ] a ] r = ] ] = "
= ik =T L] - [ v T L] v (| [ | | L L il L n - a BT ¥ 3
- e 1 i g = & L - = i = & n (e s EN mgaq
E R #odi  § = - ¥ o 1 - ] il b7 1 B y & =l BT
Iy R23srang R g . .._-___.t.,._....__.-".t.. ¥uadbg . e R oey A u = ' o a0 bz i
[ = F"F £ L " = il - .I.H. .“.*f 3 e d s ag ot VETREE ¥ BN - - - = W az 1l 2 ¥ 7 u Frang
oL SRl I L & % Wra 5 .f.—. ...:-H..!_qu.l..-lI_.l._n.-.I_.l_.l.-Jl FLodfudFagss g o) ] k) n r & & [ LR ¥ - #
3 bl L ARk e B 4] o _i_.llur..-..-l'll WK gl e il e Rl W oy n 1 [ o g 1 F o T rTE
=m E L EE = h-...-ﬂl“.rl.n.n"_h.n.r.- L O T - - # - i r F mFa a ey £ i . ']
?-_.._—.u.-u.u..-ﬂ...-..nw-. e R i & LR B R - n 5 - n a5 .ﬂ ¥ H [ " LRk =
L Y BN [E 2% L ] ru i - -.1-rl.:'|.._..--1.. e Vo 'y o & rial a
AN | £ m g o -Eu-:.-._...-_.-.._... Mrdmw cmn - - R - '] =ik Ly = & gh 3 - ' S -
“...l..u. i o d L =L FAF e g 4 ol i g w g i =g o > ] | 1 £l 5 & o Al
5 = = -~ oA LR e e _..___.t.H.rul.I.-.”m.. e L S e METTEN., . ] b L] = T = ¥ Erg
-] = e qtrm.u.r.nnuu.....urrq ¥y * I ¥ ¥ ...-.__.:“._..._...-...-:_.. . L KN - LN Er T m e a T 3 L] L WY W A ]
. B e .q.ﬂ_-. - o 1“."“ a .04 [ e T 5 At 3 wh oy .__hl = * [f-dm
i - .u.l . . TJ ER o L] [ L. ol AQa _ EN N | _ B FaF
-] . ol s =4 s | L |
> LS i 8 g .-n_ i.ﬂ ¥
= AEE - ik o -
- - [ B &€ L Lo
P (5 E = B [ ] ] a
i B & 4 ] m a -] y = RRg i
h] L n ' [ -] | 4 mn TR
] [ v n " o T - L] = Wi iy
R * o 1 ey
M ¥ & s = - o . L B
- n » - = agd § - .__l....
D N o o thel e K |-t |
= ] wn - EE T L l...-n - N_ " o -k 3 .u.“..
: 1] H . r 1 o - _._._..h‘_ - i = i
| - . o by e - ¥m LN T-T € B
" : Ll 2 B0 - Op K Echml 4%
L - L : L O 3 . o
=, ] 4 L L= L i ® u._H -
o i ¥ WA bR E 'L % y
I &5 - - r__.l.”_-.r_.__.___-. roe E A
' e n o o ok g - -
HT ; o T aly e u - ‘EL
i W LN W 3 o
) ! ' iy w1 s S Tt E
ar L. ! el b 5 . - e o
n i B ¥ 4 ¥ H [
f oo T H R i
N0 i lyn g .
W oWy - i . [ & ]
o 1 A r R L O .
# - = Foed 1 R AT & R e o1k o
B o L NI L bl & L a ad
[ s - I e d W E +d b SRR ' F
il .__im_ WH ! -l g e B A 10 @k
IR Lo i [ FoPdnoi Al mw oy
= [ & LU h-§-f-£ ] . EA g s = W rmr [ B B
W gnEh W g Fei & b . Fi . Ty . 'FLE T 4
T EmA LA T = i LR R Y - ..“.l. RN 4 - .-nq T
D e =] LS TR = L LS R | ¥ . = 4 LE B0 _-.h... Wl - S =
E 1 R o on gy BT s r i . L5 gt X & T F x L~
[ 1 e mifr Do i - 1w - AL e R AL L I Er ] K
. E u.n._..;.:_n & i .—. R E R e B =il ..u..ﬂu.n,....—_.ﬂu.r Bl L BP0 - = - ™ Ba
Sl FodpER . &= pfiiy s .— E ] S e -l [ J R .3“ .._.._H.l.u-_.rbLu i Py ! kel X r r F
i - bk o B e e 3 i R [ ! . L ] n o n hde b T o am i -
T =1 T F K i a vEek bk e R e R & . A u woEr EH 1 <
o e dd @ 3 LS e i L o Bk e OOH e s b L R I . i XL ..-.H. ’ ._ i
i " £ e N i T ln_rr._.hh-.u_. ...n. - i g R A o
' TH... Bl LE | L] AR A wa LR L - AT B o T L i s b m - ..-Hi_ T &
. i Eg [ . L r = RS e A CREREY L 2. i) . bk N ool Ry & nfa -
L, [ l..n...-.E._".P i . f o e T o dicl thw B A D e A e o S ﬂ_ - . ot
¥ o E LR B S 2% L E -8 Gl dl g 3 F TR e > e L L S L
b o = BT e e = [ n o - B B e & =d i e a .1
- ¥ Tl L R SRR g il E & LRI B . B N e » Ex wd o r
FE R R EEE L - [ T L pen W R e B - o |
i LR n ' Pl o F e 2 3 e d
300 & L . .-.J. B L o _._.. .“-.._.1 ok AL L
il N = - = - | nifr..ﬂ“ ﬂl!.._'b... Ba g - o a .
1 Wb 211 v L e R b a o ir Eew ] Wi Wi o A
il g = m O A o Sl - T e n- ook = ELE S N ™
s - B a P & i ] e e o = g :0 1R S a0 Ea e
o e N ER T u-ﬁ.r ERL .| & b Ll - o ..L
[T # -8 e B i & - e L
- ¥ ' r i ewa g i . B oy 2 ol o i
£ §oE [ g L S e - § iy B -
[ " Weara oma g = srad T H.._.n
L3 = N = i m Y B *hyn
LT | - % w3 a0 o EE 1 %8 =
- n L wd g a Y wm gl
» ] nl a - Siem
T L] ] : Z 1 = &
L] 1 1 B & -l g
- 2 3wy
L] = - = . 4 ™
- B ¥ = i '
. - l. |
] I - ' - ] . -
i & AR 2 EE iy o m E o
» e i B ™ a o
- b ] N ey Sy u & g
L e i 1 El - .
r L [ B -l b i ot
] - LR S T e - . -
L = - - o =y i b of oy ] i
£ . = 2 pdEA ' F w o T | dAlccm
v L R s e -l Pu & o = AT dnig i ¥
& i o I e T g SR = K x & Bt i ]
" LEN ] ¥ - A=y B A e = o [t L ¥ =3 Fra ey ] u Tk TEFE e
= = TR T o 5 - R E e ] T T ILE ™" T-n Bk F = Tt AT . - ._..-..M..l_._..
] ¥ [ LI & - v -...?.._... g i L =AY B = = 1 » - Uk (R e R R . a . = Ll
1 |i..J:ll.=..l_ == = iiExmg*+1a b 7 ] o - '] - r g Fld g [N, | .- CLrfArm
j s g - 3] S L g = Sl i RS e I T dor sl m
n i e g L] 4 1w e o ¥ e o BT ara ERER 1 B o [
] 3 ! L =0y ) YEER i e [ ) ] & i oy B E = = & =g = SRS =i
- ] c L B - x a w el W s = T T a i & S ..".". T o e w ik s 3-¥ d - TR
+* L .ﬂl._ iy g m L ¥ = E = 3w LI N o =] i ] " s = Wy g = u -a coag __.-Fl..-.-:_-
i b el @ T - 7 .....mm...ﬁﬂ.._.r. ¥ [ | e Uiy il a gt _mﬂ i s e e .lh....._..“".-n.._
L . - e RS- =k . e that % X - = L] - Liem i g i el o i CL R .-.“_Iu.
) ar . & = 5 il -y 1 e a1 B "] [ =N 4 il - T 5 Ko M sk - = el
- -] .mlﬂ e APl g - e . - 3 e UL T -~ M - e & ain | [ il R Rl g G =
. FAEaRy o LT - | . =R rrieAd & T i u L i o [ o PSS - |- sl r0 rEyn g .
-l a- L ] AL [ [ i " - | Siw - ol i i ¥ " " - = o i i Bt i - Mgyl -u:-..unn 5 h.-.mu
; i S g r #il & f o - I p i o .v-.....__.__.__— [f u r a & = -y a et o . : = 2 B
o h . m__._.1||. oy e ni§ = U R P T 50T g R - Bl & & A : B o Ed s N ._“ Pl Hﬁéh
H. - L HE s o5 i 5 Al # - [ BEd vigrhw b ! _n- 7 AT = & -y ¥ F o5 # Bwpp s itn” _- ..HI_.”_
n £ I e BN L EET . " + . ¥ A Mg F & aw g 1 . - o --bl o o] T i 1 [ i i g o
£ s “ B e e a ' ik B B S T B v s [T I w [ L - " - il F 1 H v T} n 2 .__.E_l.H
¥ EN e .ﬂ = P Uk e Ao W o L T = = i L - . T =l Im..r. . Bw L
drerkamn M . LN L I ST | L ..-.1. | F ] B " = T Hor . gy H & =5 " Eow a 5 TFEgE d -y T 5
M.“..... & ¥ i LR RELEC S R e el u H [ = SEUE L 2 e R " e LL N ] = l.n.“-....u_l:
..u.m L] e kg e ek e ey ] L BT u-r»:___. [ W-E RT3 U + s A f b o pig o L I e Pt - R L B
i B a T il 4 i O g Ml ::_uaq_r.n_u.. - e O T m...-n..._p 4 [ES B TR AR A A owp oy LR T RS HT=] A e ol ' o DR e el
B (] L TENF T L R e Emn n 3 R ek .-..-_._...._.l_q THE e [ o] T g e e ¥ b ) :.m.ﬂ1 "] .—.;L....:h.l.- u Hl e
2. i | - ol e ; me 3 ; Pkt s b el P R o1 ity s B e B e ks e ne SR g i .r.ﬂ. - ' 1 g ! e sF BSewm D ..........__.n.:...“ i
N L ] " ¥ ke . Lt~ ik - el o ey - _._ﬂ& kg i i o e T A Ty Er, I @ e purg L Wil s ord " ] [Py £F RN e g
S CTe k - oy 1] n 5 ' 1 L T R T r.-.-l.-:-.‘.llr...-. 4 itn.ﬂl.l.ﬂ.“,“.u.l._.l..u...-.ﬂ.u.-...l.ll.-_r.. o N O o = B R e, & ik S i e B e
._._h_:t:. y & - - ! R e el e 0 R o B . woa [T o b o e Ol 0ol R, T ¥e - 4 & o LAl B Ty 5§ g o
I . ' 1 XA Ly ) :_..u_”:_.:..._...u_..._.__.._:n.:.“.._._..._...1- S A e e i T g Bl L t- - o i E T S L L e e ke
il o .__Huu.ﬁ s : B = AN B R G e el L e e e iWin o i s #3 Sol g ol B r . i + ki u.-...:-......H
v ¥ . *Wh .-.1.:“_. L ] g i i e L T ...n..."h._.._.-u_n...p_". a2 HLE 37 Wl B (= i = 0l # ' L = T D
r [ i. LY Pt o ol B e T R e e - A Edw gk wifre ey g = o = H......u::
by 5 ..-.l.“ B o e e = s i i ol gl o W e ek el i 5 mom - U LR T S BT - P ] . " ol 5O 5
! i e B s “Rw I s i o R o e B e STl e = # L = gLg i tr w8 i S @I ooy =g .....l._uh
.I ﬂ_ H.i P e B e ] E'N B T, 5 .  FHET i | 1 O e @ 'y F 3= H 1 e -.u. = S R ]
g Tl R e - Wb Ll T e - ] AH K- W e ERadep m ol ] - L] ....1 B pdd K SRR
.".._...._.._.._.__..m AR ST S e W - e By W PE = | - i 4 B H L P - 3T | LT i T
oy S S SN . B ks W Rl WO R k.- 5 b L = F b w o N o Ve o ¥ L T Lun..mli_nq
. ll__......l.ll__.t..q._..:.t..' . M- T 5 - Ay e o g i [ 0w AT B A 3w o i A W
- kit B BB A E R HiE W s v g g ] . = WM P P “.Iu. ® a....-H._..._..v.mbinH
. _.__-.1r:_wrrn._ﬂ...ﬂuv__-._nr:..q....... ® o & irf side Sl gy i o W5 u.. T ¥ W33 ....uih.q._..:....ri.q.r.u....
u __hrq.u.__._..-._...-..m.--rl..m.-qi..._"Tr..._.. LI o o= TH [y n L T S - b o ] T
- ol b e B R Bris e ug g dfg ...ﬂ.._..... i ok e ELY _.._ ] i
L .t"h ._.-uv.rur._.ﬁquhw.u.fn.ﬂ.:._ a ol ...rh.- ' L] i ] » u
i ] Be-Fei e W i T Wiy i - = bl e R bl a ik LN | '.ﬂ- W N R W i Tk
i { n.MiJ..___. T D e B i e e = im LALE ! = i g el Lo LT T i i o Ol e
L i Aoy = ._.n..._n.. H.-a.ﬁ_ L rmep-i ok o ] L n‘_ 0 i B jira A i & NEA ALy ~L g
- LR I TR S AP.rw d N B " i B A s PR s ol L R ol
..:r!.h. Her s e o ol B el ] dp e a - L - LLE LI EEE r-...n -.-.: “....._.ﬂh =
H iR el LN BV » H= p 8 oy b = lﬂ1 Pl E = - AR ¥ i SR R < .W -
-..n. TR R S Y -+ i e e iy o M=l ER WORT. = o L] L i v el Rl . BEE LY PR T ok ol
' AT Hsy D wlwiog o T HOE W e o B = A B R ' - [ -] 3wy pecef- W - 5 FTHE
- LR mﬁ L R .“.._-l.__n.I 1 wr-itm s & £l 17 i LLL L. L o - ] i i reiwr W ' = 5 - ® b= R R T . =R P .u.n“_“_
k- ﬁli.-_ LR | k] AptriE ] Rk oeg . AWE g g ™ i aly B i o " - " N = A, = B g &
_H Ly ...v.“.r e .__..1.u. oAl . Bl b mitol g l:_- - u lir b 1y b b = il 2 iy Ko L3 : : L ..Hh " i
.“u*fﬂ.v.-_._,..-. .14‘.] et oo A ¥ A PRl el & T Al [ ke rl_“ i - W= & i = o s
PR P Fas ...-.. A S i " By i dr Lo s e =gy - ey Al oy - o s § i . .:h.-
LI el bk i o o L o B D Y = =t | g ok l.ﬂ F]
LN ] i ¥R - 1 Loy e & A _ITE o P i o B Frm = - o
LR L i EE B - s * a 5 ' 3kl £ p..". * — o g -. H
- - Womew Hat 4, - . o Ry i T . - i . . . ;
EL T e [ o el w q " o 1.—.1.- b = - i i
[T ] J..J.rl.-..uu = o gl f Fwr e Bl T e ] 1 i EER Y e Sl
=y gk A ] & £ g o




C.over: VMeasurement of vibration of ballast
and mounting tor a tluorescent tube.

Measurements on Fluorescent Tubes

The investigation of noise, vibration, light-modulation and current distortion
in fluorescent lighting, by means of a Frequency Analyzer.

Norse level
calulated from specfograrm 29 phor
measvred wilh 30 -60 curve: 285phon

200 500 1000
/s

In various European countries the government departments for the examina-
tion and approval of electrical equipment for use with the mains supplies
have begun to take an interest in a closer investigation of fluorescent
lighting, and have found that a number of these investigations can be
carried out with a set-up in which a Frequency Analyzer is the chief test
equipment.

As a result of these investigations it has been found so far that a Freguency
Analyzer can advantageously be used for:

) Analysis of the acoustical noise arising from the fluorescent tube, choke



and mounting. A precision microphone, for example a Condenser Microphone,
can be used in connection with the Frequenéy Analyzer. Such a set-up is
shown in fig. 1, which gives the results from a measurement with a tluor-
escent tube, with a mains frequency of 50 c/s. The fluorescent tube and
accessories are placed in an oblique angled measuring container or small
measuring room of about 2 m3, with very hard sound reflecting walls of, for
example, 10 cm thick concrete, lined internally with tiles. It is necessary
to have the {fluorescent tube and accessories in such a room, because the noise
is as a rule so slight that it lies at the boundary of what is technically
possible to measure. It is therefore necessary to vse a measuring room such
as mentioned above, where the acoustic eflect can be heightened and
external disturbances reduced to a satistactory level.

O 7100 200 300 HOO 800 600 700 /s

Fig. 2

2) The vibrations of the fluorescent tube ballast can be measured with a
Vibration Pick-up, Integration-network and Frequency Analyzer, at in tig. 2,
where the diagram shows that the integration-network has been used to
measure the acceleration of the vibrations. If one so wishes, the Integra-
tion-network can be used to obtain a spectrogram of the velocity of the
vibrations, or their amplitude, instead of their acceleration.

3) By using the analyzer in connection with a photocell the light modulation
from a fluorescent tube can be examined. The light flicker produced when
a fluorescent tube is operated on a.c. mains supply is frequently considered
as the tube's great inconvenience as compared to a tilament lamp. The tlicker,
caused by the current in the tube being interrupted twice in each mains
cycle, is not of the same degree, and therefore not equally disturbing, {or
the difterent fluorescent coatings etc. used in the tubes, so that it is of interest
to have diagrams of the light modulation for difterent tubes. Fig. 3 shows
a set-up for such a measurement. The photocell is a selenium cell preterably

CxJ)



Ffluorescence /lamp

-t P

OCwaoltoge 114 mV
Todal! AC wolfoge 8 mV
Mootration 22 %

working almost short-circuited, for example with a resistance of about 150

In order to be able at the same time to measure the current from the photo-
cell, the applied resistance can be the resistance in a milliammeter,

as shown in the figure. At the same time the milliammeter can be used to
measure the voltage across the shunt (in the example, 114 mV), as an

indication of the total light emission from the tluorescent tube. The analyzer

is coupled across the 150 (2 resistance to measure the a.c. components.
It will be noted that the 100 c/s component is very powerful, and the 200

c/s component quite strong. On the whole, the even multiples of 50 c¢fs
are more powerful that the uneven. By calculating the r. m. s. value of the
components it will be found that the total of the alternating light components
corresponds to 18 mV. The light is therefore in this case modulated 22 %.

4) Finally, the analyzer can be used to investigate the distortion ot the
electric current brought about by the above mentioned current interruption
in the tluorescent tube twice in each cycle. The simplest set-up for this
measurement is shown in tig. 4. The current to the fluorescent tube passes
a resistance of 10 Q2 which is used as a shunt for the analyzer and which




gives a suitable voltage drop for the analyzer. The diagram to the right
of the set-up shows all the possible components which can be measured
in this way, as none of the higher components is over 1 %, and thus cannot
be registrered with the set-up as shown. If, however, one wishes to measure
the higher components, a filter can be used which will cut out the 50 c¢Js
mains frequency from the analyzer. The record shown underneath in {ig. 4
will thus be obtained. With suitable equipment it is possible to measure the
odd components and some of the even components right up to 750 cycles/sec.
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Fig. 4

The 750 c/s component is of the order of magnitude of 1 9/5,, corresponding
to about 1 % of the 150 ¢/s component.
The total distortion can be directly measured or calculated by r. m. s.

addition. There are of course a number of different types of analyzers which
can be used for these investigations, but as will be seen from what follows,
the analyzer and accessories manufactured by Briiel & Kjeer in standard
form is not only particularly suited to these measurements, but just because
the B. & K. equipment is of standard construction it is naturdlly also very
suitable for a multiplicity of other investigations.
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Fig. 5 shows the F
. requency Analyzer (t P
Besides the four above mentioned and assztiftt:cll%)’ series no. avove 3577

ca : : :
n for example be used as a selective amplif; flnveshgqnon& the analyzer
pililler i1ior me -
asuring reverb :
ercation

times, and can also with great ad
easurements, . . vantage be used for -
ts qreat seloct ::;tye}:::p?e as indicator in bridge measfxirrile};ltse le::c’al
engineering technique w;n many ca.ses be suitably exploited. Ir; o vor
cables with o SCHEﬁINGenb Tzclleasurmg. for example dielectric losspeswie;
employed, but as this is often e . _Vlbrc:tion galvanometer is usuall
in such cases to replace it not sensitive enough, it will be an advant -
The Briiel & Kjceer Freque or supplement it with the Frequency Analyze o
consisting of a 4-stage ammlz};- AnCﬂ.yzer is a very selective tube volt )
ring ranges cover from apllﬂloer V.\hth a moving coil instrument. The mn;:[en
teflection. There cre 8 i microvolts full detlection to 1000 volt fSL;i
trequency is adiusted and equency ranges from 47 to 12000 c/s. The s fu
or analyzer, the amplifi tl'.ectd on the main scale. Used as a line;::r am elJ"{fc:tCt
except with maximum sceclI 1::-1 -15 constant to * 1 db from 30 to 1505:,01 l’er
after use over long F’erig_-;de ivity, where the accurcy is a little less. E o
The analyzer is driven fr s the frequency accuracy is better than + 1Vf/n
volts, with @ power con om t'fm a.c. mains supply of 115, 127 150—; 220-
the degenerative princi sumption of about 40 watts. The analy: e
principle and has a constant percentage bml:lel‘ \l::;ksTon
Wl . The



block diagram of fig. 6 shows the principle used. Part of the output of two ot
the stages in the 4 stage amplifier is returned through a feed-back tfilter
to the input, with such a phase shift that all frequencies with the exception
of the filter's blocking frequency are very powerfully damped. The output
is led to the moving coil meter whose detlection measures the selected
frequency band’s strength. The filter's pass range can be varied continuously
to any desired frequericy within the audible range.

Briiel & Kjeer's Condenser Microphone type 411!l is well suited for use in
connection with the analyzer, for example for the measurement ol acoustic
noise from fluorescent tubes previously mentioned. This microphone is
specially constructed for measurements use and theretore has great stability
and- relatively small dimensions. The cartridge is constructed together

Fig. 6 Vv ‘\:

with a cathode-follower tube to make it possible, if necessary, to have
the microphone a good distance f{rom the amplifier (which, for exzample,
can be the analyzer).

All the necessary voltages to the microphone are taken from the amplitier,
and all the connections between the microphone and amplitier are combined
‘n one cable with a single plug connection. An extension cable is available
on demand, normally in a 3 metre standard length. The irequency range
‘s from 20 to 16ooo c's. The frequency response is linear to+ 2 db over the
range 40 cs to 10 kc's in a free lield. The minimum resonance frequency
‘'« 1looo cs. Each microphone is individually calibrated over the entire
frequency range from 20 to lbooo cs, the calibration curve being supplied
with the microphone. The accuracy of the curve is about 0.5 db over the
range 30 cs to 10000 cs.

For the measurement of vibrations such as those previously menticred
Briiel & Kjcer have produced a Vibration Pick-up (type 4303) and a correspoen:

~~.)
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Fig. 7

ding Integration-network (type 1601) as shown in tig. 7. The pick-up consists
of a piezo-electric crystal supported at three corners and loaded with a mass
at the fourth corner. The integration-network is interposed between the
pick-up and the frequency analyzer. The principle of the integration network
is that of two R-C links, with an extra filter for partial compensation of the
pick-up’s resonance curve. The sensitivity (with the integration network
interposed) is 50 mV per 1000 cmsec—2 for acceleration measurements, S mV
per cmsec—! for velocity measurements (that is, after one integration), and
000 mV per cm for deflection measurements, i.e., amplitude measurements
(two integrations). As a certain accuracy is lost with each integration, it is
naturally an advantage if acceleration measurements or if necessary velocity
measurements can be used instead of amplitude measurements. The lover
frequency limit lies under the analyzer’'s lower frequency limit, and the upper
limit lies at about 1600 c¢/s.

This vibration pick-up and its accessories can of course be used for many
other investigations than the above sketched investigations with fluorescent
light tubes; for example, in the analysis of vibrations in buildings, ships and
machines. In fact, with this equipment a wide range of investigations of both
similar and essentially different problems can be carried out.

Editorial Notes.

Now that we have finished building our new factory, and have obtained
undisturbed working conditions and good accommodation, we intend to send out

Briiel & Kjer’s "Technical Review of Teletechnical, Acoustical and Medical
Research” regularly four times yearly.




