
Franck-Hertz-Experiment 1 6750 
984 

KLINGER 
EDUCATIONAL 

I 
PRODUCTS CORP. 

112-19 14TH ROAD 
COLLEGE POINT, NEW YORK 11356 

(718) 461-1822 

The Franck-Hertz-experiment ( 191 3 ,  Nobel Prize 1926) with t h e  we1 1 -defined 
oeriodic and eauidi  s t a n t  maxima and minima of t h e  col l e c t o r  e lect rode 
b r r e n t  when e k i t i n g  t h e  mercury resonance 1 ine  a t  253.7 n m  wavelength, i s  
undoubtedly one of t h e  most impressive experiments t o  demonstrate and verify 
the  quantum theory.  This experiment provides d i r e c t  proof f o r  t h e  t r u t h  of 
the  concepts of quantum theory.  

Fig 1 Apparatus s e t  u p  f o r  t h e  experiment 

The following apparatus i s  required f o r  carrying out t h e  experiment : 

Franck-Hertz-Tube No. 6751, on a 
Front Panel No. 6753, in  an 
Oven No. 6752 
Operating Unit f o r  Franck-Hertz-Experiment No.6749 
(This un i t  provides a1 1 voltages required and conta ins  a1 so a DC-amplifier. 

The experiment can be a l t e r n a t i v e l y  carr ied out with t h e  following 
equipment : 
A 6,3 V DC o r  AC vol tage source (cathode heating vol tage)  and 0 t o  +70 V 
continuously va r iab le  DC vol tage source ( a s  accel l e r a t i n g  vo l tage) ,  e.g. 
Mains Rec t i f i e r  Unit 521 1 
A measuring amp1 i f  i e r  , cur ren t  s e n s i t i v i t y  t o  10-1 1 A ( N E V A  No. 721 2 with 
shielded connecting cab1 e ( N E V A  No. 7256) and read-out meter. 
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A DC v o l t a g e  source o f  about 1 , 5  V as opposing v o l t a g e  [pocket  lamp bat -  
t e r y  o r  accumul a t o r  w i t h  vol tage d i v i d e r )  . 
A thermometer read ing  up t o  2000 C (NEVA no. 4052) 
A v o l  tmeter  w i t h  3 V DC and 100 V DC measuring ranges. 
M i  s c e l l  aneous connect ing  leads. 

The Franck-Hertz-Tube (No .675l)  i s  a t h r e e - e l  ec t rode  tube w i t h  i n d i r e c t l y  
heated oxide-coated cathode, g r i d - fo rm anode and c o l  l e c t o r  electrode. The 
e lec t rodes  a r e  arranged i n  p l  ane-para1 1 e l  manner. The d i  stance between t h e  
cathode and t h e  anode (8  mm) i s  1 arge compared w i t h  t h e  mean f r e e  path 
l e n g t h  i n  t h e  mercury vapour atmosphere ( a t  180 C J  i n  o rder  t o  ensure 
a h i g h  c o l l i s i o n  p r o b a b i l i t y .  On t h e  o t h e r  hand, t h e  separat ion between 
t h e  anode and t h e  c o l l e c t o r  e lec t rode i s  smal l .  

Dur ing manufacture t h e  tube i s  p rov ided w i t h  a h i g h l y  ac t i va ted  contact  
g e t t e r  and exhausted t o  h igh  vacuum. The g e t t e r  i s  e f f e c t i v e  f o r  a long 
t ime, so t h a t  no d e t e r i o r a t i o n  of t h e  c h a r a c t e r i s t i c s  through energy-con- 
suming mo lecu la r  gases takes p lace when o p e r a t i n g  t h e  tube.  

The envelope w a l l  between the  anode and t h e  c o l l e c t o r  e lec t rode ca r r i es  a 
vacuum-proof sea led - in  p r o t e c t i v e  r i n g  made o f  s i n t e r e d  carborundum, t o  
prevent  1 eakage c u r r e n t s  v i a  t h e  i o n i  c a l  l y  conduct ing  ho t  g lass wa l l  . The 
tube c o n t a i n s  a drop o f  h i g h l y  p u r i f i e d  mercury. 

A 6,3 V DC o r  AC vo l t age  source i s  r e q u i r e d  f o r  hea t i ng  t h e  cathode. The 
heater  c u r r e n t  should be a t  l e a s t  0,3 A. 

F ig.2 Franck-Hertz-Tube 
(mounted on f r o n t  p a n e l )  

The H e a t i n  Oven cons i s t s  o f  a s t e e l p l a t e  c a b i n e t  w i t h  t h e  dimensions 
*mm3. The oven i s  heated w i t h  a t u b u l a r  r a d i a t o r  mounted 240 x 

on t h e  f l o o r  of t h e  oven. The power consumption i s  400 Watts. A bimetal 
sw i t ch  which can be adjusted w i t h  a c o n t r o l  knob f rom t h e  e x t e r i o r  serves 
f o r  s e t t i n g  and s t a b i  1 i z i n g  t h e  oven temperature.  

The oven hea te r  may be connected on l y  t o  an AC supply, otherwise arc ing  
would damage t h e  b imeta l  contac t .  



(EVA) 

The r e s u l t i n g  c u r r e n t  c u r v e  as a f u n c t i o n  o f  t h e  accel  l e r a t i n g  v o l t a g e  i s  
shown i n  F i g  4 and 5. 

The c u r r e n t  minima a r e  spaced a t  i n t e r v a l s  of 4,9 V ,  showing t h a t  t h e  
e x c i t a t i o n  energy of t h e  mercury  atoms i s  4,9 eV. 

The s p e c t r a l  f requency co r respond ing  t o  t h i s  energy i s  

and t h e  cor respond ing  wave1 eng th  i s 

Franck and He r t z  v e r i f i e d  t h e  p resence  o f  t h i s  u l t r a v i o l e t  r a d i a t i o n  
w i t h  t h e  a i d  o f  a q u a r t z  spec t r og raph .  

Note : A con tac t  p o t e n t i a l  o f  about  2 V e x i s t s  between t h e  ca thode  and 
t h e  anode o f  t h e  tube,  so t h a t  t h e  f i r s t  c u r r e n t  minimum i s  f ound  f o r  an 
a p p l i e d  accel l e r a t i n g  v o l t a g e  o f  about  7 V .  

F i g .  4 Franck-Her tz-Curve F ig .5  F ranck-Her tz  Curve 

Procedure f o r  c a r r y i  ng  o u t  t h e  exper iment  

Connect t h e  h e a t i n g  oven t o  a grounded AC mains power p o i n t  w i t h  
t h e  a i d  o f  t h e  p rov i ded  mains c a b l e .  Set  t h e  b imeta l  c o n t a c t  s w i t c h  t o  
t h e  d e s i r e d  temperature.  The t empe ra tu re  can be read on t h e  thermometer 
i n s e r t e d  t o  t h e  c e n t e r  o f  t h e  oven. T h i s  temperatube w i l l  be reached  
a f t e r  a warm-up t i m e  o f  10 t o  15 m inu tes  (e .g .  170 C ) .  The t empe ra tu re  
s e t  i n  t h i s  manner i s  a u t o m a t i c a l l y  h e l d  cons tan t  (even i f  t h e  oven 
i s  sw i tched  o f f  and t h e n  re -used  a f t e r  a l o n g  i d l e  p e r i o d ) .  



Estab l ish  t h e  connect ions  t o  t h e  opera t ing  u n i t  ( r e s p e c t i v e l y  t o  t he  
vol tage sources and t o  t h e  measuring a m p l i f i e r )  according t o  F i g  1  and the  
markings on t h e  f r o n t  pane l .  A  shie lded cable (No. 7256) must be used f o r  
t he  connection f rom t h e  c o l l e c t o r  e lec t rode t o  t h e  a m p l i f i e r  i n p u t .  Make 
sure t h a t  t h e  p o l a r i t i e s  o f  t h e  a c c e l l e r a t i n g  vo l t age  and opposing vol tage 
are c o r r e c t .  The nega t i ve  po le  o f  t h e  accel l e r a t i n g  v o l t a g e  must be 
connected t o  t h e  cathode socket K (bottom r i g h t ) .  If you are  us ing  
separate vo l t age  sources (accel l e r a t i n g  vol tage,  cathode hea t i ng  vo l tage 
and opposing v o l t a g e )  t h e y  must be f l o a t i n g  t o  ground (no  ga lvan ic  con- 
n e c t i  on t o  ground o r  chassi  s ) ,  because the  apparatus i s a l  ready grounded 
v i  a  t he  measuri ng ampl i f  i e r .  

The i n d i r e c t l y  heated cathode requ i res  a  warm-up t ime  o f  about 90 seconds 
a f t e r  app ly ing  t h e  hea te r  vo l tage.  Thereaf ter  s l ow ly  i nc rease  t h e  acce l le -  
r a t i n g  vo l tage commencing f rom 0  Vo l ts .  A cu r ren t  then f l o w s  f rom the  
c o l l e c t o r  e l e c t r o d e  t o  t h e  anode and t h i s  c u r r e n t  i s  i n d i c a t e d  by the  
measuring ampl i f i e r .  The magnitude o f  t h i s  c u r r e n t  i s  o f  t h e  order o f  10-10 A 
The cu r ren t  s e n s i t i v i t y  o f  t h e  measuring a m p l i f i e r  must be s e t  accordingly.  
The p o l a r i t y  o f  t h e  c o l l e c t o r  e lec t rode  i s  negat ive  w i t h  respect  t o  t he  
anode. Cor rec t  cor respond ing p o l a r i t y  must be observed f o r  t h e  meter 
connected t o  t h e  ou tpu t  o f  t h e  measuring a m p l i f i e r .  

The c o l l e c t o r  e l e c t r o d e  c u r r e n t  as a  f u n c t i o n  o f  t h e  a c c e l l e r a t i n g  
vo l tage shows p e r i o d i c a l l y  recu r ren t  and e q u i d i s t a n t  maxima and minima, 
whereby t h e  minima are  spaced a t  i n t e r v a l s  o f  4,9 V .  A  con tac t  p o t e n t i a l  
o f  about 2 V e x i s t s  i n  t h e  tube between the  cathode and t h e  anode, so t h a t  
the  f i r s t  c u r r e n t  minimum 1  i e s  a t  about 7 V .  

F igs.  4 and 5  show t h e  c o l l e c t o r  e lec t rode c u r r e n t  as a  f u n k c t i o n  of the  
a c c e l l e r a t i n g  vo l t age .  The fo rm o f  the  curve depends s t r o n g l y  on t h e  
oven temperature. A t  low temperatures (around 1500) t h e  f i r s t  minima 
are developed more s t r o n g l y  bu t  t he  curve r i s e s  r a p i d l y  ( F i g . 4 ) .  The tube 
thereby s t r i k e s  a t  about 30 V .  With increas ing  oven temperature 
progress ive ly  more minima are obta ined and t h e  curve remains conf ined i n  
a  narrow c u r r e n t  range. But  t h e  f i r s t  minimum i s  then l e s s  pronounced 
and may even cease t o  be detec tab le .  

The emission c u r r e n t  i n  t h e  tube and thus t h e  c o l l e c t o r  e lec t rode  
cu r ren t  a re  a f f e c t e d  by t h e  cathode temperature. I f  t h e  c u r r e n t  i s  too  
small t he  cathode heater  vo l t age  may be increased ( e  .g. t o  8 V) . The 
heater c u r r e n t  must then be ad jus ted w i t h  a  rheos ta t  o r  r o t a r y  po ten t i o -  
meter c o n t r o l  (about  10 P ) such t h a t  t he  c o l l e c t o r  e lec t rode  cu r ren t  
i s  o f  t he  o rde r  10-10 A  w i t h  50 V accel l e r a t i n g  vo l t age .  The heater  c i r c u i t  
r e s i s t o r  must be p laced i n  se r i es  w i t h  t he  connect ion t o  t h e  le f t -hand 
heater connect ing  socket  (HI. The heater vo l tage f o r  t h e  cathode may also 
be taken f rom an accumulator. 

A 10 k  R r e s i s t o r  i n  t h e  anode c i r c u i t  o f  t h e  tube prevents over-  
loading o f  t h e  tube.  The tube i s  thus not  endangered even i f  a  discharge 
by c o l l i s i o n  i o n i z a t i o n  takes p lace i n  i t  due t o  excess i ve l y  h igh  appl ied 
vol tage.  Thus i t  i s  p o s s i b l e  t o  observe t h e  luminous d ischarge w i t h  
a  spectroscope and t o  v e r i f y  from t h e  spectrum t h a t  t h e  gas f i l l i n g  i s  
mercury vapour. 



The Franck-Hertz-tube i s  mounted on t h e  r e a r  s ide  o f  the  f r o n t  panel i n  
such a  manner t h a t  t he  e n t i r e  tube i n c l u d i n g  t h e  connecting w i res  i s  
heated t o  a  constant  temperature. Th i s  i s  a b s o l u t e l y  essenti  a1 , because 
t h e  vapour pressure o f  t he  mercury i s  always determined by the  temperature 
o f  t h e  c o l d e s t  p o i n t  o f  t he  tube.  

The f r o n t  panel c a r r i e s  the  ce ramic - i nsu la ted  connecting sockets f o r  t h e  
tube.  The c o l l e c t o r  e lec t rode i s  connected t o  a  BNC-type jack t o  which t h e  
sh ie lded  l ead  t o  t he  opera t ing  u n i t  (measuring a m p l i f i e r )  i s  connected. 
The symbolic designat ion o f  t h e  tube i s  marked on t h e  f r o n t  panel i n  b o l d  
l i n e s  and t h e  connections are s p e c i f i e d  w i t h  t h i n n e r  l i n e s .  The oven 
possesses two windows through which t h e  tube  and t h e  heater s p i r a l s  can 
be observed. The coverplate o f  t h e  oven c a r r i e s  a  ho le  f o r  i n s e r t i n g  t h e  
thermometer which i s  he ld  i n  p o s i t i o n  w i t h  a  clamp spring. 

A  10 kR c u r r e n t  l i m i t i n g  r e s i s t o r  i s  permanently incorporated between t h e  
connect ing  socket f o r  t he  a c c e l l e r a t i n g  v o l t a g e  and the  anode o f  t h e  tube. 
Th is  r e s i s t o r  p ro tec ts  t he  tube i n  case a  main discharge s t r i k e s  i n  i t  
when excess ive ly  h igh  vo l tage i s  appl i ed. For  normal measurements t h e  
v o l t a g e  drop across t h i s  sa fe t y  r e s i s t o r  may be ignored, because t h e  work- 
i n g  anode c u r r e n t  o f  the  tube i s  sma l l e r  than 5  ,uA (vo l tage drop across 
t h e  s a f e t y  r e s i s t o r  less  than 0,05 V) .  

The f r o n t  panel w i t h  the  tube can be taken o f f  a f t e r  re leas ing  t h e  s i x  
m i l l e d  screws, so t h a t  the  oven can a l s o  be used f o r  other  purposes 
(e.g.  f o r  t h e  sodium f luorescence exper iment ) .  

D e s c r i ~ t i o n  o f  t h e  Exoeriment 

I n  t h e  Franck-Hertz experiment, t h e  energy t r a n s i t i o n s  which are produced 
by c o l l i s i o n s  between e lec t rons  and mercury atoms are observed. 
The tube  conta ins  a  small amount o f  mercury, some o f  which vaporizes when 
t h e  tube i s  heated i n  bhe oven. A mercury vapour pressure o f  about 20 mi 1  li - 
bar  i s  ob ta ined a t  180 C .  The ox ide-coated heated cathode emi t s  
e l  ec t rons .  The k i  n e t i  c energy o f  these e l  ec t rons  increases w i t h  i nc reas ing  
a c c e l l e r a t i n g  vo l tage (Ub), so t h a t  t h e  e l e c t r o n s  f l y  through the  g r i d -  
fo rm anode and then against an opposing v o l t a g e  o f  1,5 V t o  t h e  c o l l e c t o r  
e lec t rode .  A cu r ren t  o f  the  o rde r  o f  10-10 A  f l ows  from the  c o l l e c t o r  
e l e c t r o d e  t o  t h e  anode and i s  i n d i c a t e d  w i t h  t h e  measuring a m p l i f i e r .  

The c o l l i s i o n s  between e lec t rons  and mercury atoms a t  f i r s t  take p lace 
e l  a s t i c a l  l y  w i thou t  s i g n i f i c a n t  t r a n s f e r  o f  energy t o  the  mercury atoms. 
But when t h e  acce lera t ing  vo l t age  has been increased t o  a  s u f f i c i e n t  
e x t e n t  , the  k i n e t i c  energy o f  t h e  e l e c t r o n s  i s  1  arge enough t o  e x c i t e  t h e  
mercury atoms j u s t  i n  f r o n t  o f  t h e  g r i d - f o r m  anode. The e lec t rons  thereby  
l o s e  t h e i r  k i n e t i c  energy and are  no l onge r  ab le  t o  reach the  c o l l e c t o r  
e l e c t r o d e  aga ins t  the  brak ing  v o l t a g e  (-1,5 V) .  Thus the  cur ren t  read ing  
g iven by t h e  measuring amp1 i f  i e r  become smal l  e r .  When the  accel 1  e r a t i  ng 
vo l t age  i s  f u r t h e r  increased, t h e  c o l  1  i s i  on zone moves progress ive ly  
c l o s e r  t o  t h e  cathode and t h e  e l e c t r o n s  which are  braked by c o l l i s i o n  are  
reacce l  e ra ted  and can reach t h e  c o l  1  e c t o r  e l  ec t rode again, u n t i  1  t h e i r  
k i n e t i c  energy has become so l a r g e  t h a t  t h e y  can be braked by a  second 
non-el a s t i c  co l  1  i sion w i t h  a  mercury atom. Th is  energy t r a n s f e r  reappears 
p e r i o d i c a l  l y  w i t h  progress ive ly  i n c r e a s i n g  accel 1  e r a t i n g  vol tage.  



A t t e n t i o n  : 

Take care o f  supplying t h e  Heat ing  Oven w i t h  the  co r rec t  AC supply. You 

f i n d  t h e  value o f  t h e  AC supply (110 o r  220 VAC) on a p l a t e  beside t h e  

supply cable ent ry .  
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