Solutions to the Physics Il mock exam FS 2021

1 Optical lens (8 Points)

(a) For the focal length of a lens, the following applies:

1 n 1 1 .
? = (nair — 1) . (E — E) (1 POlnt)
1.45 1 1
= (== _1). _
( 1 ) (—30 cm 25 cm)

= f=-30.3cm (1 Point)

(total 2 Points)

(b) From the lens equation 1/g + 1/b=1/f we have:

=97 oin
b= e (1 Point)
(80cm) - (—30.3cm)
(80cm) — (—30.3 cm)

= —22.0cm (1 Point)

(total 2 Points)

(¢) The magnification is:

V= —S (1 Point)

_ —22cm
~ 80cm
=0.3 (1 Point)

(total 2 Points)

(d) e Since b < 0, the image is virtual. (1 Point)
e Since V > 0, the image is upright. (1 Point)

(total 2 Points)



2 Prism (6 Points)

Calculating of the first refraction angle 31 with a; = 30°:

Nglass sin o1

= — 1 Point
Nair sin 31 ( )
. sin o
= (51 = arcsin <71
Nglass

61 =19.3° (1 Point)

Knowing this angle, the incidence angle on the other side can be determined. (1 Point) for the correct
drawing.

90° = By +

=y =70.7° (0.5 Point)
180° = v +60° + 6

= §=149.3°

90° =y + 6
= a2 =40.7° (0.5 Point)

This incidence angle is now used to calculate the second refraction angle.
sinaz  Mair
sin 52 Nglass
= (2 = arcsin (nglass Sin az2)
=62 =79.9° (1 Point)

(1 Point)

(total 6 Points)



3 Photoelectric effect (8 Points)

(a) For the energy of an incident photon the following holds:

Eph = hf = % (1 POil’lt)
_6.626- 107" Js-2.9979 - 10° m/s

300 nm
=4.13eV (1 Point)

(total 2 Points)

(b) The work of detachment of potassium can be calculated from the kinetic energies of photons and
electrons:

Waetach = Epp — Egin,e (1 Point)
=4.13 eV —2.03 eV
=2.10eV (1 Point)

(total 2 Points)

(c) It is valid for the kinetic energy of the electrons:

h
Brine = hf — Wactach = ~ — Way (1 Point)

A
. —34 3 . . 3
_ 6.626 - 10 Js-2.9979 - 10° m/s 9106V
430 nm
=0.78 ¢V (1 Point)
(total 2 Points)
(d) For the cutoff wavelength:
hc
Acutoff = 1 Point
toft Waetach ( om )
_6.626-107%* Js-2.9979 - 10° m/s
B 2.1eV

=590 nm (1 Point)

(total 2 Points)



4
(a)

Radioactive decay (7 Points)
The decay law applies
N(t) = Noe ™ (1 Point)

where Ny is initial quantity, IV is the quantity that still remains after time ¢. In the half-life t = T} 5,
half of the nuclei decay, i.e. N = No/2, so that for the decay constant we have

_In2

A=
Ti/2

(1 Point)

For Po-210:
Tijp =138d~1.19-10"s and A=582-10°s"'
For No = 10° nuclei and t = 24h = 86400s one obtains the following according to the decay law
N (86400 s) ~ 995000
So in 24 h the decay:
AN = Ny — N =~ 5000 Kerne (1 Point)

The decay rate for t = 1 s is:

A= ATN ~ 0.06Bq (1 Point)
(Alternative calculation with A = X\ - N(t) is possible).

(total 4 Points)

From the decay law follows, with A = 1n2/T} /5, for the activity as the number of nuclear decays per
second:
dN At
A=—— =N = AN
dt o€

thus the decay law is obtained in the form
A= Ape M = Age” P T12 (1 Point)

With A = Ar = 50kBq, Ao = 185kBq and t = nT}/; (decay time), it follows that

AO/AF _ enln2
= % =1.89 (1 Point)
n

For Co-60 T7 /5 = 5.3 a, therefore:

t=n-Ty; =10.0a (1 point)

(total 3 Points)



