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Radiometry HW Problems!

Problem 1. Your night light has a radiant flux of 10 watts, what is the irradiance
on your radiometry notes which fell 2 meters from the light when you fell asleep
(assuming your notes were perpendicular to the night light)?

Solution:

We don’t know the area of the notes but can at least propagate the
flux out to the surface of a sphere of radius of 2 m (using point source

approximations).
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Problem 2. Given the same 10 watt source above, what is the flux on your notes
if you are using a standard sheet of paper measuring 8.5 in by 11 in and are 2
meters away (still perpendicular to the night light)? Additionally, what is the flux
if the notes are tilted 25 degrees?

Solution:

Here, we subtend a section of the sphere with the area of the paper.
At this point the irradiance onto the paper, Epqper is the same as the
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irradiance on the surface of the sphere Eyppere of radius r.

Epaper
a(I>paper
8(I>paper
8(I>paper

L

8(I>paper

a14pape7"

Esphere OApaper = (0.199 W m~2)((8.5 in)(11 in))
(0.199 W m~2)(0.0603 m?)

12 mW

If the notes are tilted 25 degrees, we have to account for the projected
area. In many cases the angle is zero (i.e., paper not tilted) and
therefore cos 6 = 1.

0Pyitr = OPpaper cosf = (0.012 W) cos 25 =|10.9 mW

Problem 3. The camera you are using to record the CIS fall picnic has a detec-
tor with an area of 2 em? and a responsivity of 2 VIW 1. After all of the optics,
the detector receives an irradiance of 2 Wm™2. What is the output of the cell?

Solution:
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8x 107" [V] =[0.8 mV ]

Problem 4. Your headlights have a radiant intensity of 60 Wsr~!. Determine
the irradiance on a sign 2 meters away.

Solution:

We can use the inverse square law as long as our distance from the
source is at least ten times greater than the diameter of the source



(i.e., 95t >> 10). For this problem, the diameter of the source can be

) dia
no larger than
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di << —
a 10
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which is probably a little larger than a typical headlight, though pretty
close. We certainly wouldn’t want to use the inverse square law if we
were less than 2 meters from the source. The solution is therefore,

I 60 Wsrt

E=— =2
r2 (2m)?

=115 [Wm ™2

Problem 5. If I have a lamp from the hardware store whose efficiency is 50%
and is drawing 2 amps at 60 volts, what will the flux on my radiometry notes be
2 meters away (assuming 8.5 in by 11 in paper)?

Solution:

The relation for efficiency is used to compute the light flux from the
electrical flux.

c A (I)out
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Problem 6. Given a source with 30% efficiency, drawing 0.2 amps from a 9 volt
source, how far away from the source will the observer measure an irradiance of



0.02 Wm~=2?

Solution:

The relation for efficiency is used to compute the light flux from the
electrical flux.

e A (I)out
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Dot = Pipe=ive
E A 8(I)out _ 8(I)out
0A 4mr?
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Problem 7. A sensor has a responsivity of 2 amps per watt, and an observed
noise level of 100 milliamps. If the irradiance on a 1 ¢m? detector changes by 50
Wm ™2, will the sensor record the change?

Solution:

We need to find out what is the signal (in amps) produced by the
change in irradiance. Then we compare this to the noise value stated
to see which is larger.

s OS

p = 0P

0S8 = [od

need to solve for the flux

0P

E £ —

0A

0P = FEOJA

after substitution and integrating out the partials we get

S = BEA=Q2AW HBE0Wm )1 x 1074 m?) =[10mA]

Turns out, the noise is larger. The sensor will not record the change.
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Problem 8. If you have a sensor with a responsivity of 2 VW !, an output
of 5 volts, is 1 ¢m on a side, and is 10 ¢m from a source, determine the radiant
intensity of the source.

Solution:
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Problem 9. If you have a source at a temperature of 1000 °K, and an emissivity
of 0.93, what is the radiant excitance of the source?

Solution:

s M(T)
 My(T)
M(T) = Mw(T)e=0T"e
M = (56696 x 1078 [Wm 2K ~))(1000 K)*(0.93)

= 52,727 [Wm ™2

Problem 10. A satellite contains a detector with a responsivity of 0.02 [AW[-1]].
As the detector spins, it is irradiated in three orientations (see Figure 1). What
is the output of the cell in each of the three orientations if the source is located
as shown in Figure 1 and has a radiance of 0.3 [Wm~2sr~1]? Additionally, the
source has an area of 4 cm? while the detector has an area of 1 cm?.

Solution:
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Figure 1: Layout for satellite detector problem.

We can use the expression relating radiance and intensity. That is,

I,
L =
Acost
I, = LAcos6

If we consider the radiance on-axis (straight out) then cosf is one.
Therefore we have

I, = LA
If we assume the source is Lambertian, then the intensity varies as
Iy = 1I,cosb

and since we with to point the intensity in the direction of the detector
we have

Iy = LAcosf

Now we would like to calculate the irradiance onto the detector. Can
we use the inverse square law for point sources? Is the distance to the
detector at least 10 times the diameter of the source? The distance to
the detector is

r = i +a? = LEm)? + (03m) = 1.53m




Figure 2: Layout for satellite detector problem, orientation (a).

The diameter of the source is

A, = nd?
1
44, 4)(4cm?
dy = \/ :\/( ) 5 95em
e m

Ten times this number is 20.25 cm = 0.2 m which is much less than our
distance of 1.53 m. Using the inverse square law to find the irradiance
onto the detector we have (as in Figure 2)

E, = =

We now need to take into account projected area effects to obtain the
irradiance, E; onto the detector.

L Ag cos? 0

2
T3

E; = E,cosf =

We would like to compute the flux, ®; onto the detector.

0D,
E; & ==
d A,

L A;0A, cos® 0

2
T3

00y = E ;0A4=



At this point we can use the definition for responsivity and re-write in
terms of the signal, 5.

Ba = 9%,
2
9, = By 00, — ﬂdLAséL;ld cos” 6

T3
After integrating out the partial derivatives, we have

BLAg; Ay cos®0
Sq = 5

T3

We still need to calculate the angle, 6. Using trigonometry, we have

tand 2 L
T
0.3
@ = arctan z = arctan Zom = 11.3deg
™ 1.5m

Final substitution yields

BLAs A, cos? [arctan (%)}

(vit+a)

Sa =

(0.02 [AW~1)(0.3 [Wm~2sr~1])(4 x 1074m?)(1 x 10~4m?) cos?(11.3 deg)

(1.53m)?

9.86 x 107" A ={98.6 pA| for position (a).

Problem 11. Assuming the Sun is approximately a 5700 °K blackbody radiator
with a diameter of 1,392,000 kilometers, what is a) the wavelength of maximum
spectral radiant exitance? b) the spectral radiant exitance at this wavelength? c)

the total radiant exitance of the Sun? d) the total power output of the Sun?

Solution:

a) The wavelength of maximum spectral radiant exitance?

A 2898 ymK
AL _ _
Apeek = T = 5700 =10.508 um
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b) The spectral radiant exitance at this wavelength?

a 2mhc?
>\5(GXP(A}LCT) —1)

2m(6.6 x 10734 5)(3 x 108 m s71)?

M(\T)

M (0.508 pm, 5700 K) =

_ (6.6x10—34 ] 5)(3x 108 m s—1)
(0.508 x 10-° m)B(eXp((o.sosxlofﬁ m)(1.38i10*23jﬂlzfl)(5700 K)) -1

3.732 x 10716 J m2s~1

(0.508 x 1076 m)5(exp(L98x10_2Jm) _ 1)

3.732 x 10716 J m?2s~1
(0.508 x 106 1)5(140.89)

3.732 x 10716 J m2s1
4.766 x 10730 m>

= 783x108 Js'm™3
= |7.83x 10" [Wm 2um™!]

¢) The total radiant exitance of the Sun?

Mg 2 0T* = (5.67 x 1078 Wm 2K %) (5700 K)* =|5.98 x 107 [Wm ™

d) The total power output of the Sun?

q)total = MtotalAsun :Mtotal(4777€un)
1.392 x 10 m\ 2
= (598 x 10" Wm™2) <4w <39>;0m> )
= [3.64x 10% W]

Problem 12. Given that the diffuser shown in Figure 3 produces a flux @y
through the aperture on the right hand side and that the diffuser’s intensity is
observed to vary according to Iy = I, cos? 6, derive completely, in simplest form,

an expression for the intensity, I, in terms of ®y. State all assumptions. (Hint:
[ cos™z sinx Oz = %)

Solution:
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Figure 3: Illustration of flux onto a diffuser, followed by flux exiting through an
aperture.

If we assume that the aperture is small compared to the measured
distance, we can use point source approximations. We can first state
the on-axis (E,, I,) case which leads to,

1,
EO == 7472
0%, &
0A 2
o OA
po, _ 10
-
The off-axis case is then
Iy OA
9y = - 2
”
_ Iycos?0 (r df-rsin6 de)
— =

= I,cos?0sin6 dd do
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Integrating both sides we have

o /2
by = IO/ /cos2esin9d9d¢
¢=06=0
o w/2

= Io/d¢/cos20sin9de
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Problem 13. Given a lamp with a radiant intensity of 0.1 [Wsr—1] illuminat-
ing a lambertian diffuser 10 ¢m away with a 1 ¢m diameter aperture located just
beyond the diffuser; this “new” 1 ¢m diameter source then illuminates a detector
100 ¢m from the lamp (see Figure 4). What is the irradiance on the detector if
the transmission of the diffuser is 0.607

Solution:

We will assume the radius of the lamp is small relative to the distance,
r1. The irradiance E; incident onto the back of the diffuser at a distance
rq iS.

I
E:7
51

The exitance M and flux ® from the diffuser is

I
M = Br=—
1

ITA

O = MA=-—-

[t
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Figure 4: Illustration of flux onto a diffuser from a source, followed by flux exiting
through an aperture or diameter, d which is incident on a detector at a distance,

ro away.

Since the surface is lambertian, we can use a version of the relation
M = Lmx. For the on-axis case from the diffuser we have
d
L - =
dif f p
ITA
nrs

Assuming the “new” source, Igfs acts like a point-source (e.g., dis-
tance is at least 10 times the diameter of the source), we can use the
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inverse square law. Thus we have

Eq

PMT Problems

Laizy
ITA
I mnd?

2 2
4m i ry

(0.1 [Wsr—1]) (0.6)(0.01 m)?
4(0.1 m)2(0.9 m)?

1.85 x 1074 [Wm ™2

185 [uWm™?]

Problem 14. Given a PMT with a cathode responsivity of 0.05 amps per watt,
cathode size of 0.31 x 0.98 inches, anode sensitivity of 100,000 [A em? W ~!], max-
imum anode current of 0.005 amps, what are the a) anode responsivity, b) gain,
¢) maximum cathode current, d) maximum cathode flux and, e¢) the maximum

irradiance?
Solution:
a) Anode responsivity?

L

Ba

Z.a
@
o By By
EA. A, lw

100,000 [A em? W]
. . em ) 2
(0.31 in)(0.98 in) (235<™)
51,020 [A W1
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b) Gain?

G &l
ic
— /BO,@C — &
ﬁc(l)c /80
51,020 [A W1
- 0.05 [AW]

[tz

¢) Maximum cathode current?

a 2 Z;a _ ta_max
lc lecomax
leomaz = fa-maz
G
00054
~ 1.02 x 109

= 49x107%4=

d) Maximum cathode flux?

s e
B = .
q) — ic,max
c_-maxr 56
B 49nA
©0.05[AW ]

= 98x1075W =[98nW|

e) Maximum irradiance?

0P
E & =
0A
(I)c,mam
Ec maxr — @ 5
_ AC
_ 98 x 1079 W
(0.31 in)(0.98 in) (%)2

= 5x 107 [Wm™?] =|500 [uWm™?]
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Problem 15. For the previous PMT above, given an incident irradiance of 1.0
[uWm~2], what is the PMT current?

Solution:
iq

e

lq = Gic = G(ﬂcq)c) = GﬁcEcAc

Q
>

= (1.02 x 10%) (0.05 [AW 1)) (1.0 x 105 [Wm™?]) ((0.31 in)(0.98 in) <O‘012§4m)2)

m
= 10x10°64 =
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