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Contextualização

• Para iniciar nosso experimento, vamos 
compreender o contexto que o cerca

• Qual o tipo de fenômeno queremos 
estudar e por que ele é interessante?
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Röntgen descobre os 
raios-X (1895)

• Röntgen 
trabalhava com 
tubos de raios 
catódicos

• Durante seus 
estudos ele 
observou algo 
bastante 
estranho...
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Afinal, o que são os 
raios-X?

• Após alguns anos de 
estudo, ficou claro 
que os raios-X eram 
ondas 
eletromagnéticas

• Ondas ?? Será ??!!
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Dualidade onda-partícula  
da radiação eletromagnética

• A luz é uma onda eletromagnética e uma partícula 
(fóton) ao mesmo tempo!

• Ela se propaga como onda e interage como partícula...
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Como são produzidos 
os raios-X?

• Como um 
feixe de 
elétrons 
incidindo em 
um material 
produz raios-
X?
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Como são produzidos 
os raios-X?

• Quais as 
características 
dos raios-X 
produzidos?
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Espectro contínuo com !min bem 
definido e função do potencial 
acelerador. Eletromagnetismo 

clássico não explica. Ver apêndice 

B (Eisberg) e comentar céu azul e 
poente vermelho.
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Como são produzidos 
os raios-X?

• Segundo a física clássica 
uma carga em 
aceleração emite um 
espectro contínuo de 
radiação 
eletromagnética

• Porém, ela não pode 
explicar a razão de 
existir um valor mínimo 
de comprimento de 
onda nesse espectro
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Produção de raios-X

• Se postularmos 
que a diferença 
de energia do 
elétron é usada 
para criar um 
fóton de 
radiação, temos:

Ei � Ef = h⇥ =
hc

�
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Produção de raios-X

• No caso do nosso 
aparato 
experimental: 

• Portanto, se o 
elétron perder toda 
sua energia, ou seja, 

, tem-se:

Ei = eV

Ef = 0

Ei � 0 = eV =
hc

�min
⇥ �min =

hc

eV
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Bremsstrahlung e o 
efeito fotoelétrico

• Produção de raios-X: elétrons acelerados 
produzem fótons. Esse efeito é chamado 
de Bremsstrahlung

• Efeito Fotoelétrico: fótons “arrancam” 
elétrons do material

12



Como são produzidos 
os raios-X?

• E o que são os 
picos que as vezes 
aparecem na 
emissão de raios-
X?
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Como são produzidos 
os raios-X?

• E o que são os 
picos que as vezes 
aparecem na 
emissão de raios-
X?

• Eles correspondem 
a transições entre 
níveis de energia 
dos átomos que 
compõem o 
anteparo onde 
incide os elétrons
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Objetivos

• Estudar tanto o comportamento 
ondulatório como corpuscular de raios-X

• Medir a distância interplanar de cristais 
a partir da difração de raio-X (natureza 
ondulatória)

• Estudar o efeito Bremsstrahlung, 
indicando a natureza corpuscular dos 
raios-X
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Aparato Experimental
• Fonte de alta tensão (de 18 

a 35 kV) que gera elétrons

• Anodo de Molibdênio, 
onde os elétrons são 
freados e geram raios-X

• Difração de raios-X nos 
cristais de NaCl e KBr

• Contador Geiger-Muller 
que mede a intensidade da 
radiação em função do 
ângulo de espalhamento
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Instruction sheet 554 800 

X-ray apparatus (554 800) 
X-ray apparatus Mo, complete (554 801) 

 

Radiation protection,  
administrative requirements 
Before putting the X-ray apparatus into operation for the first 
time, it is your responsibility to notify all relevant authorities and 
obtain any permits required by the laws and regulations of your 
country. 
The tube high voltage can only be switched on and X-rays 
generated when the safety circuits have been properly closed. 
Two mutually independent safety circuits secure the lead glass 
sliding doors. The maximum tube high voltage and maximum 
emission current are also monitored in a safety circuit. 
Under the maximum operating conditions of U = 37 kV and I = 
1.2 mA, which cannot be exceeded, the local dose rate at a 
distance of 10 cm from touchable surfaces is less than 1 PSv/h. 
The X-ray apparatus thus fulfills all regulations governing an X-
ray apparatus and fully protected device for instructional use 
and is type approved for school use in Germany (BfS 05/07 
V/Sch RöV). 
Only the two lead glass sliding doors on the front of the X-ray 
apparatus may be opened. If the bottom or side plates are 
opened (impeded by safety screws), the type approval is void 
and the device may not be operated in Germany. The type 
approval is also void when the X-ray apparatus is repaired or 
manipulated in a manner not connected with the assembly of 
experiments in the laboratory. Repairs may only be carried out 
by the manufacturer, LD Didactic GmbH. The only exceptions 
to this are the replacement of the X-ray tube and any height 
adjustments of screws which are possible through holes in the 
bottom plate provided by the manufacturer for this purpose. 
Depending on the legal requirements of your country, you may 
be required to maintain a history of your apparatus, analogous 
to the enclosed form. 

Safety notes 
 

The X-ray apparatus generates ionizing radiation which can 
exceed a local dose rate of 10 Sv/h in the X-ray tube’s cone 
of radiation. This dose rate can damage living tissue even 
for short exposure times. The built-in protection and screen-
ing measures reduce the local dose rate outside of the X-
ray apparatus to less than 1 PSv/h, a value which is on the 
order of magnitude of the natural background radiation. The 
high dose rate which is produced inside the device means 
that the operator must use special care when operating the 
X-ray apparatus. 
The X-ray apparatus fulfills the safety requirements for 
electrical equipment for measurement, control and labora-
tory use according to DIN EN 61010 part 1 and is con-
structed so as to fulfill the requirements of protection class 
I. It is intended for operation in dry rooms which are suitable 
for electrical operating equipment or installations, height  0 -  
2000 m above sea level. When used as intended the X-ray 
apparatus is safe to operate. 
x Keep the X-ray apparatus secure from access by unau-

thorized persons. 
x Before putting the device into operation for the first time, 

check the rating plate (on rear of housing) to make sure 
that the mains voltage value given there agrees with the 
mains voltage at your location 

x Inspect the housing and the control and display elements 
of the X-ray apparatus, particularly the lead glass panes 
and sliding doors as well as the lead glass tube sur-
rounding the X-ray tube, carefully for damage before put-
ting the device into operation. 

x Before putting into operation, make sure that the Anode 
cable is securely plugged into the heatsink of the anode. 
If any faults or defects are noted, do not put the X-ray 
apparatus into operation. Notify your local LD Didactic 
GmbH representative immediately. 

x Do not put live animals inside the X-ray apparatus. 
Do not allow the anode of the X-ray tube to overheat: 
x When putting the X-ray apparatus into operation, check 

to make sure that the ventilator in the tube chamber is 
turning. 
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Anodo de Molibdênio

Efeito Bremsstrahlung para gerar os raios-X

4300313 Raios X EMY -3 

Figura 3 ʹ Esquema de um tubo de 
raios X típico (adaptado de 1). 

 

PROTEÇÃO RADIOLÓGICA: equipamentos de raios X emitem radiação ionizante, que é 
potencialmente danosa ao ser humano. O uso desse equipamento é feito em total segurança, 
graças às blindagens e aos sistemas de segurança: 

x todos os vidros que permitem visualizar a câmara de medidas e o tubo de raios 
X são vidros plumbíferos, com espessura e teor de chumbo adequados às 
intensidades de raios X emitidas pelo tubo. 

x antes de produzir o feixe há um teste de segurança que exige que todas as 
(Fig. 2) portas estejam fechadas - em caso negativo, o feixe não é produzido. 

x o desenho do equipamento faz com que as taxas de dose fora dele sejam 
compatíveis com taxas de dose em ambientes naturais. 

 
Figura 2 ʹ tubo de raios X do aparelho didático da LD 

Introdução 
Os raios X foram descobertos por W. C. Roentgen em 1895 e, 
desde então são usados nas mais variadas áreas do 
conhecimento, sejam básicas ou aplicadas. Raios X são fótons 
com energias na faixa superior à do Ultravioleta (E>12 eV), 
originados de freamento de partículas carregadas (em geral 
elétrons) através do processo conhecido com Bremsstrahlung, 
ou da desexcitação atômica (fluorescência). Neste fenômeno 
elétrons ligados fazem de transições entre camadas internas 
de átomos ou íons excitados. No processo de Bremsstrahlung 
por desacelerção de elétrons, se produz um espectro 
contínuo de energias de fótons ʹ energia mínima ~0, energia 
máxima igual à energia cinética do elétron (eU para um 
elétron acelerado por potencial U) ʹ e, na fluorescência, há a emissão de um conjunto discreto 
de energias (linhas de emissão características do material excitado por alguma irradiação 
anterior. Quando elétrons, com energias cinéticas na faixa de keV ou MeV atingem átomos 
diversos, os dois processos ocorrem, e se observa um espectro contínuo (Bremsstrahlung) com 
a sobreposição de algumas linhas em energias determinadas.  
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d) Tube chamber: 

 
d1 Ventilator 
d2 High-voltage cable 
d3 Heat sink 
d4 X-ray tube 
d5 Lead glass tube 
d6 Tube socket with clamping screw 
d7 Lead glass sliding door 
 
The tube chamber accommodates the X-ray tube and serves 
as shielding for the X-ray tube. 
Also during operation the X-ray tube is visible through the lead 
glass sliding door and the lead glass tube which surrounds the 
X-ray tube. This makes it possible e.g. to observe the change 
in the cathode temperature when the cathode current is varied. 

 
Mounting and demounting the X-ray tube: 

The x-ray tubes are completely aligned and can be easily inter-
changed without re-adjustment. 
See the instruction sheets for the x-ray tube Mo (554 861), x-
ray tube Cu (554 862), x-ray tube Fe (554 863), x-ray tube W 
(554 864), x-ray tube Ag (554 865), 

 

e) Experiment chamber: 

 
e1 Lead glass window 
e2 Lead glass sliding door  
e3 Collimator mount 
e4 Ribbon cable with connector 
e5 Guide rails 
e6 Terminal bracket 
e7 Mounting sockets  

 
 
The experiment chamber is designed to accommodate experi-
ment equipment such as the goniometer (554 831), the film 
holder X-ray (554 838) or the plate capacitor X-ray (554 840), 
which all fit the mounting sockets. 
The experiment equipment can be observed during the experi-
ment directly through the lead glass sliding door in front of the 
experiment chamber and the lead glass pane above it. 

 
Terminal bracket: 
Input GM TUBE INTERNAL RATE METER: 
coaxial socket for connecting an end-window counter (559 01). 

 
Output HV OUT: 
high-voltage output, connected with the high-voltage input 
HV IN in the connection panel. 
The high voltage output enables e.g. experiments with a Gei-
ger-Müller counter tube connected to an external counter. 

 
Input SIGNAL IN: 
BNC input, connected with the BNC output SIGNAL OUT on 
the connection panel. 
The BNC input enables e.g. experiments using sensors with 
BNC connector. 

Do not remove the lead glass tube from the tube chamber. 
The mounting screws of the tube are compound-filled to 
prevent this. 
x Never loosen the mounting screws. 
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Cristais de NaCl e KBr
Difração de Bragg para 
medir o comprimento 
de onda dos raios-X
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Instruction sheet 554 800 
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Radiation protection,  
administrative requirements 
Before putting the X-ray apparatus into operation for the first 
time, it is your responsibility to notify all relevant authorities and 
obtain any permits required by the laws and regulations of your 
country. 
The tube high voltage can only be switched on and X-rays 
generated when the safety circuits have been properly closed. 
Two mutually independent safety circuits secure the lead glass 
sliding doors. The maximum tube high voltage and maximum 
emission current are also monitored in a safety circuit. 
Under the maximum operating conditions of U = 37 kV and I = 
1.2 mA, which cannot be exceeded, the local dose rate at a 
distance of 10 cm from touchable surfaces is less than 1 PSv/h. 
The X-ray apparatus thus fulfills all regulations governing an X-
ray apparatus and fully protected device for instructional use 
and is type approved for school use in Germany (BfS 05/07 
V/Sch RöV). 
Only the two lead glass sliding doors on the front of the X-ray 
apparatus may be opened. If the bottom or side plates are 
opened (impeded by safety screws), the type approval is void 
and the device may not be operated in Germany. The type 
approval is also void when the X-ray apparatus is repaired or 
manipulated in a manner not connected with the assembly of 
experiments in the laboratory. Repairs may only be carried out 
by the manufacturer, LD Didactic GmbH. The only exceptions 
to this are the replacement of the X-ray tube and any height 
adjustments of screws which are possible through holes in the 
bottom plate provided by the manufacturer for this purpose. 
Depending on the legal requirements of your country, you may 
be required to maintain a history of your apparatus, analogous 
to the enclosed form. 

Safety notes 
 

The X-ray apparatus generates ionizing radiation which can 
exceed a local dose rate of 10 Sv/h in the X-ray tube’s cone 
of radiation. This dose rate can damage living tissue even 
for short exposure times. The built-in protection and screen-
ing measures reduce the local dose rate outside of the X-
ray apparatus to less than 1 PSv/h, a value which is on the 
order of magnitude of the natural background radiation. The 
high dose rate which is produced inside the device means 
that the operator must use special care when operating the 
X-ray apparatus. 
The X-ray apparatus fulfills the safety requirements for 
electrical equipment for measurement, control and labora-
tory use according to DIN EN 61010 part 1 and is con-
structed so as to fulfill the requirements of protection class 
I. It is intended for operation in dry rooms which are suitable 
for electrical operating equipment or installations, height  0 -  
2000 m above sea level. When used as intended the X-ray 
apparatus is safe to operate. 
x Keep the X-ray apparatus secure from access by unau-

thorized persons. 
x Before putting the device into operation for the first time, 

check the rating plate (on rear of housing) to make sure 
that the mains voltage value given there agrees with the 
mains voltage at your location 

x Inspect the housing and the control and display elements 
of the X-ray apparatus, particularly the lead glass panes 
and sliding doors as well as the lead glass tube sur-
rounding the X-ray tube, carefully for damage before put-
ting the device into operation. 

x Before putting into operation, make sure that the Anode 
cable is securely plugged into the heatsink of the anode. 
If any faults or defects are noted, do not put the X-ray 
apparatus into operation. Notify your local LD Didactic 
GmbH representative immediately. 

x Do not put live animals inside the X-ray apparatus. 
Do not allow the anode of the X-ray tube to overheat: 
x When putting the X-ray apparatus into operation, check 

to make sure that the ventilator in the tube chamber is 
turning. 

nλ = 2d sin θ
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Contador Geiger-Muller

• Cilindro metálico preenchido 
com um gás 

• Um fio é colocado em seu 
eixo central

• Aplica-se uma diferença de 
potencial entre o fio e o 
cilindro

• Ao passar uma radiação 
ionizante, gera-se um pulso de 
carga que é medido e contado
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Resultado da Medida
• Número de fótons (eixo-y) 

em função do ângulo (eixo-x)

• Como transformar o eixo-x 
de ângulo (onde estava 
localizado o contador 
Geiger) para comprimento 
de onda?

• Qual é a incerteza na medida 
da intensidade de radiação?

• O que são os 4 picos que 
aparecem?
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Atividades para o 
Próximo Encontro

• Como obter as distâncias interplanares 
desses cristais usando os raios-X emitidos?

• Usar a lei de Bragg, ou seja, medir o 
ângulo de espalhamento de valores 
conhecidos de comprimento de onda

• Quais valores de comprimento de onda 
são bem conhecidos neste experimento?
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Molibdênio

  e  Kα = 17.426 keV Kβ = 19.607 keV
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