Claim Ques of NEET 2022 - Physics / Photo electric effect

Q. When two monochromatic lights of frequency, v and v /2 are incident on a
photoelectric metal, their stopping potential becomes Vs/2 and Vs respectively. The

threshold frequency for this metal is

(1)2v /3 (2)3v/2 (3)2v (4 3v
NTA ANS is —(2)

Claim Ans is = (BONUS)

In the given question in second case incident frequency becomes half therefore according
to the experimental observation (as in NCERT physics class 12 part || page no 392) the
kinetic energy of fastest photo electron must be reduced hence in experiment the stopping
potential must be decreased and also by theoretically from Einstein equation (as in NCERT
physics class 12 part |l page no 395 eq. 11.4)

But in the question in second case the given stopping potential becomes double as
frequency becomes half which is impossible practically and conceptually.

You can also see according to Einstein’s equation, after calculation work function is
negative which is again a conceptual blunder. Hence the question framing is incorrect and
should be bonus.
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Fig. 11.4 that the stopping potentlals are b the * In Binsteln's pleture, the basic elementary process involved In

order Vy, > Uy, > ¥y, if the [requencies are in the photeslectric effeet 15 the absorption of a Ught quantum by an electran

Snpping _ order v, > v > v, . This implies that greater the This process is instamtaneous, Thus, whatever may be the intensity
'-':l'!'""“' Meid A A frequency of incident light, greater is the Le., the number of quanta of radiation per unit area per unit time,
vl &, maximum kinetic energy of the photoclectrons. photoslectric emission is Instantaneoss. Low intensity does not mean
A Vel B Consequently, we need greater relarding delay in emission, since the basle elementary process s the same.

o rax polential to stop them completely. If we plot a Intensity only detenmines how many clectrons are able to participate

@aph between the frequaency of incident rdiaticay in the clementary process (ahsorption of a Bght quantum by a single
and the corresponding stopping potentlal for R - : :

different metols we get o stradght Uee, as slown
in Fig 11.5.
FIGURE 11.8 Variation af stoppl Y e graph ahows thiat
with Frequeney v al incident nedintion lor o (i) theampping pateniial ¥, vares Enear with
sefAkive maier) the Irequency of incident radiation loe a ghven
photosenaiive material,
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Using Eq. (11.1). the photeslectric equation, Eq. (11.2). can be
wrillen &g
eVy=shv-d, for vy,

stapping polential is zer stradght line with slope = (R/ e, independent of the nature of (he material.
These observations have two bnplications: During 1906=-19 16, Millkan performed a series of experiments on
0 The mavdmum kinetic energy of the photoelecrons taries [{nearly photoeleciric effect, almed at disproving Einstein's photoelectric equation.
wrth the frequency of meldend rdiation. bed 5 independent of s He measured the slope of the straitu e obtalned for sedbum, similar o
ftensig, that sheran in Fig. 1 1.5, Using the known value of e, he determined the
Ml For a frequency v aof incldent radiation. lower than the ewt-gff vinlue u[]"limrh'ﬂr'nlrlwl.rll h. This vislue was close (o the viduwe of Planck’s
frequency v, no photoslectric emission (s possible epen if the contant (= 6.626 % 10" 5| determined in an entively different context.
iretereainy s lorge I this way, i 1916, Millikan proved the validity of Einsiein’s photoslecivic
This mindrrmam, cul=olf frequency v, 15 ealled the threshold fregueney equation. nstead of disproving it.
It s different for different metals, The successfil explazsation of photoeleciic effect using the hypothesds
[Hiferent p'!'.l:-h:u-t'l|Hl||l.-'r'1r|:1[|'.rluh |'I-H|HIIH:|‘-!|-"|-E'1‘I '2I'l||':' '“‘I’J-'.l"- Selenilum al |:|_|ﬂsl1|||a||.|.'|. ard the |.':l|:|:||':rL'||.1r||I!:-|| eeterridiation al valees all Famd P
is more aensitive than zine or copper. The same photosensithe substance In agreement with values abtained from other experiments, ked o the
gives different response 1o lght of different wavelengths, For example, aeveptance of Ensteln’s pleture of pholeeleetric effect. Millkan veriled
wlirawiolet light gives rise (o phiotpeleciric eflect in copper while green or plmrmlrrrrlr equathon “"Ilh_l},l‘l*:iT precisian, fior o mumber af alkali metals
reecl Tgsht chos= nod, over a wide range of radiation frequencies,
Mole that o all the above experiments, s owd B, i rsguency of
the incident radiation excesds the threshold frequency, the photoslectric 11.7 ParticLe Nature oF Ligat: THE PHOTON

emisaion starts instantaneously without any apparent time lag, even if
the ineident radiation is very dim. I is now kenawim That entission starts in
a time of the order of 107" s ar less
We pow summarise Lhe |.'.~;.|.||.'.r.|:|:||:r|!.'1.| features and observations
desscritaed ina Uis seelbon.
[l Foraghven pholosensitive materdal and (requency ol incldent rmdiation
(abave the thresholbd Ir|~r.|ut-:|||:'}':|. LEe |:-|III|I:II.'|H‘| e currenl s |J'.rr|.'||:|.'
proporiional o the intensity of incident light (Fig. 11.2).

Photoedeciric effect thus gave evidence to the strange fact that light in
interaction with matier behaved as if it ons made of ruanta or pa.-e'kr'h' of
energy, cach of energy v,

[s the lighi quisnium ol enengy o be associaled with & particde? Einsien
arrived at the important result, that the light quantum can also be
associated with momentum (h v/c]. A definite value ol enerdy as well as
mamenium I8 3 strong sign that the light guanium can be associated

[t} Foragven photosensitve material and frequency of ineident radiation, wilh a particke. This particle was laler named pholon. The particle- 1ike
saturation current is found to be propartional to the intensity of betsaviowr of light was further confirmed, in 1924, by the experiment of
incident radiation whereas the stopping potential is independent of AH. Compton (1892-1961] on scattering of X-rays from electrons. n
{ts intensity (Fig. 11.3). 1921, Einstein was awarded the Nobel Prize in Physics for his contribaation

1] For & given pholosensitive malerial, there exisis a certain mimdmam to theoretical physics and the photoelectric effect. In 1923, Milllkan was
cul-all frequency ol the inciden! radiation, called the ihreshudd awarded the Nobel Prize in physics lor his work on the elementary
Jfrequency. below which no emission of photoelectrons takes place, charge of checiricily and on the photoeleciric elffect.
fo malter how lnlense e ncldert |.||i1'|:|.l 5. Above the threshold We can summarise the p]',l_'.l_a_;-n picture '_:-J'g']l:-g_'l_rl_'\-nmf_!‘m_'l_l,r_' reediation
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