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Multiple-choice Questions
(2 pointsfor each question, 20 questionsin total)
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The following constants may be useful F* = [P2ZE H B
Specific latent heat of fusion of ice (I7Ff Ui”ﬁ\ﬁfﬁ 1) = 334 KJIkg
Specific heat capacity of water (7<% FL El) = 4.2 KIkg/K

MC1

Ball A was dropped from the top of atall building. At the same instant and from the same height ball B
was thrown straight downward. Neglecting the effects of air friction, compare their accelerations while
they were falling.

Their accelerations are equal.

Ball A hasthe greater acceleration.

Ball B has the greater acceleration.

It isimpossible to tell since their accelerations vary greatly.

None of the above.
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MC2

Two objects, A and B, accelerated from rest at the same uniform rate. Object B accelerated for a distance
twice as long distance A. Compare to Object A, Object B was moving

Twice asfast.

1.414 times as fast

Three times as fast.

Four times as fast.

None of the above.

moowz

EEE 2
[n [[—{ffﬁﬂﬁﬁ' AFHI By [I?HQLH ﬁiﬂ SF ;@} tf' J[[Jﬁ ° 3?[ B JJDIE VRHEERL A IEI JF“ [Ifrl Hpss AR ”LP}J

A. ﬁA;ﬁ}ﬂde

B. kLA A1 14|3Fﬁ
C. kLAY 3
D. JLA skt 4

E

P e

MC3

Five people measured the distance between 2 points by the same ruler with the following results: (1)
5.0cm, (2) 5.2cm, (3) 4.9cm, (4) 5.0cm, (5) 5.5cm. Which of the following istrue?

We know for certain that the distance is between 4.9cm and 5.5cm.

We know for certain that the distanceis 5.12cm.

We know for certain that the distance is between 4.92 to 5.34cm.

The best estimate of the distance is 5.12cm.

None of the above.
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MC4

Which of the following statements is correct?

When you are not moving there is no force exerting on you.
When there is no force exerting on you, you cannot move.
When you are not moving there is no net force exerting on you.
There must always be force acting on you when you move.
None of the above.
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MC5

A desk and abook are resting on the ground. Which of the following changes when the book is put on the
desk?

The net force acting on the desk.

The gravitational force acting on the desk.

The reaction force from the ground acting on the desk.

The kinetic energy of the book.

The kinetic energy of the desk.
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MC6

A large negatively charged object was placed on an insulated table. A neutral metallic ball rolled straight
towards the object but stopped before touching it. A second neutral metallic ball rolled dong the same
path as the first ball, struck the first ball driving it a bit closer to the negatively charged object and
stopped. After al balls stopped rolling, the first ball was closer to the negatively charged object than the
second ball. At no time did either ball touch the charged object. Which statement is correct concerning the
final charge on each ball?

Thefirst ball is positive and the second negative.

Thefirst ball is negative and the second positive.

Both balls remain neutral.

Both balls are positive.

None of the above.
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MC7

The lamps in a string of Christmas tree lights are connected in parallel. What happens if one lamp burns
out? Assume negligible resistance in the wires leading to lamps.

The brightness of the other lamps will not change appreciably.

The other lamps get brighter equally.

The other lamps get brighter, but some get brighter than others.

The other lamps get dimmer equally.

The other lamps get dimmer, but some get dimmer than others.
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MC8

As shown below, an object is placed on the left side of a lens with its focal points labeled as ‘F'. A flat
mirror is placed at the right side focal point, with its reflecting surface facing the lens. The image of the
object isat

A. Point A Lens D
B. Point B o ©oB
C. PointC ObjeCt T D — M”-ror
D. PointD —@ = O
E. Point F on theright side F l /F C
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MC9
Which of the following setups can make a small conductor cail that is placed horizontally float on top of
an object?

A. The object is a magnet that provides a magnetic field pointing straight downward, while

the coil carries an electric current flowing clockwise as viewed from top down.

B. The object is a magnet that provides a magnetic field pointing straight downward, while
the coil carries an electric current flowing counterclockwise as viewed from top down.
The object carries positive electric charge while the coil carries negative charge.

The aobject carries negative electric charge while the coil carries positive charge.
None of the above.
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MC10
In the following circuit, the current through the battery is 20
A. 4A —
B. 3A 40
C. 2A — 1 =
D. 1A 2Q 40
E. None of the above
|
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Car A ran the red light and hit Car B which had the right of way at the intersection. Car A was more
severely damaged than Car B, but fortunately no one was injured. You are to investigate the accident and
decide which of the following statementsis correct.
A. Driver of Car A was at fault because Car A collided with Car B before Car B collided
with Car A.
B. Driver of Car A was at fault even though both cars collided at the same moment.
C. Both driverswere at fault because both cars collided at the same moment.
D. Driver of Car B was at fault because Car B exerted more force on Car A, and as a result,
Car A was damaged more.
E. Driver of Car A was at fault because being the initiator Car A exerted more force on Car
B.
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MC12
From which point indicated here, if any, should you position your eyesight if you wish to see an image of
the arrow in the mirror?
A. Point A oA ﬂArrow
B. Point B
C. PointC ©B
D. Point D
E. None of the above
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MC13

As shown below, a sealed piston was slowly moving to the left, compressing the (ideal) gas trapped in the
chamber. A pressure relieve valve was connected to the chamber. 1t would | et the gas out whenever the gas
pressure in the chamber exceeded 3 atm. When the piston was at position A, the chamber volume was V
and the gas pressure inside the chamber was 1 atm, same as the air pressure outside the chamber. When
the piston reached position B, the chamber volume was reduced to V/2; and at position C, the volume was
reduced to V/4. At position B and position C, the gas pressure in the chamber was ~ atmand __ atm,
respectively. The gas temperature remained unchanged throughout the process.

A 2,3
’ Vave
B. 2,4 B
C. 42
D. 3,2 Gas «—
E. 2,0 Piston
g%@ 13 C B A
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MC14

lkgoficeat0°Cismixedwith 10 kg of water at 5 °C. After thermal equilibrium the water temperatureis
A. -3°C.

0°C.

-5°C.

5°C.

-8 °C.
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MC15
In Newtonian mechanics the upper limit of speed any object could reach under constant action of aforce F
is___. In Relativistic mechanics, however, the mass of an object is no longer a constant, but changes with

L
v1-v?/c?
and my is the mass when the object is at rest. Therefore, the maximum speed the object under constant
action of forcecould reachis____

the speed v of the object in the following way: m= Here c is the speed of light in vacuum,

A, © ©
B. F/m, Fimg
C. F/ mg, Fim
D. ¢, ®©
E. ®©,c
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Which of the following isimpossible in electromagnetism?
A. Breaking a magnet in half, with one piece having only north pole and the other having
only south pole.
Breaking a charged conductor in half with one piece carrying positive charge and the
other carrying negative charge.
Detecting static el ectric charges with a compass.
Detecting steady €electric currents with a compass.
Detecting static magnetic field with a voltmeter.
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MC17

Which of the following describes what we now believe about our universe?
Our universeis expanding.

Our universeis contracting.

The size of our universeisinfinite.

Newton predicted the expansion of our universe.

Newton predicted the contraction of our universe.
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Which of the following describes most closely the color of the sky on the moon?
A. Blue
B. Red
C. White
D. Dark
E. Ydlow
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MC19

Which of the following processes does not involve the transformation of energy from one form to another?
You lift up acup of water.

Y ou turn on an air-conditioner.

Plants grow under sunlight.

Y ou light up a match.

A planet moves around a star in acircular orbit.
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Which of the following describes correctly the difference between microwave and radio wave?
One of them is an electromagnetic wave, while the other is a sound wave.
Microwave travels faster in vacuum than radio wave.

Microwave carries energy but radio wave does not.

Water molecules absorb energy from microwave but not from radio wave.
Radio waves can travel longer distance than microwave in vacuum.
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Open-ended Questions (5 questionsin total)

B RE (F 5RF)

Short Questions #fEE ! (10 points each & 10 57)

Q.1
As shown in the figure, a conducting slope frame with inclining angle 0 is placed in a uniform
magnetic field B pointing upwards. A conducting rod of length L, mass M, resistance R, is moving
down the frame at steady speed v. (Hint: the e.m.f. of a rod moving in magnetic field is BLv,, where
v, 1s the velocity component perpendicular to the field. If the rod carries electric current ‘I’ which is
flowing in a direction perpendicular to the field, then the magnetic force on the rod is BLI.)
(a) Find v in terms of 6, L, M, R, B, and any
other physics constants you think Magnetic field B
appropriate. (5 points)

(b) If the direction of B is reversed, what will
Rod

be the direction of the steady velocity onducting frame
when the rod is released from rest? (2
points)
(¢) If R = o0, describe the motion of the rod q
after it is released from rest. (3 points)
1
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Q.2
Suppose you are to move a piece of heavy furniture at home. Let us approximate it by a cubic block
of uniform mass M on a rough floor surface with friction coefficient u=1. Your strength can only
provide a force F = 0.8Mg, where g is the gravity acceleration, so you cannot simply lift the block and
move it around.
(a) If you apply the force as shown in the figure, what
will happen to the block? (3 points) F
(b) You are free to apply the force F in any direction to
any point of the block, how to apply the force so the
block will have maximum acceleration in sliding
motion but without tipping over? (7 points)
[There may be many ways and you are only required to find one. You may also need this:
sinf + cosO = 1.414sin(0 + 45°)]
Hint: The magnitude of the friction is the smaller of the two: F or uN, where N is the
reaction force of the floor perpendicular to the surface. The effect of the friction is to
keep the block from sliding until it reaches its maximum value uN.
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Q.3
(a) Complete the drawing below to show where the image of the object formed by the lens is. (3
points)
1

1 1
(b) Use the drawing you have completed, prove that —4+— =— . Here Sis the distance between the
s s

object and the lens, S is the distance between the image and the lens, and f is the distance
between either of the focal points F and the lens. (5 points) L
(c) Prove that the image magnification is M = S//s. (2 points) Object
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Long Questions = [ (15 pointseach & 15 57)

Q4

Stationary liquid on Earth exerts pressure on any surface in contact, and the resulting net force is
always perpendicular to the surface and pointing away from liquid. For example, as shown by the
arrows in the figure, the pressure force of water on the sidewalls of the container is horizontal, and the
force on the bottom of the container is straight downwards. The same is applicable to any object in
liquid. The pressure force of water on the bottom surface of the cubic object shown in the figure is
straight upwards; the force on the top surface of the cubic object is straight downwards; and the force
on the side surfaces of the cubic object is horizontal and pointing towards the cubic object. (The
lengthes of the arrows have no relevance to the strength of the forces.)

(a) Use the above concept, derive an expression for
the pressure at any point in water in terms of the
depth h of the point (the distance from the point
to the water surface in contact with air), mass W oter
density of water p, and gravity acceleration g on
Earth surface. (6 points) (1 point will be
deducted in exchange for hint)

(b) Use the results in (a), prove that the net force of
water on the cubic object is equal to pVg and
pointing straight upwards, where V is the
volume of the cubic object. (5 points)

(c) If the container is placed in a weightless outer
space environment, what is the pressure of water
on the bottom of the container? (1 point)

1111




(d) We now replace the water and the cubic object with some ideal gas and seal the container.
When it is in a weightless outer space environment, is the pressure of the gas on the
container the same as it is on Earth? Explain your answer. (3 points)
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Q.5
In the following discussions, we assume that all people and objects involved are in vacuum. They can
wear oxygen masks when necessary.

One of the principles of Einstein’s Relativity is that the speed of light in vacuum is constant ¢ (¢ =
2.99792458 x 10° m/s), regardless of the motion of the light source or the observer. That is to say,
once light leaves its source, it ‘forgets’ all about the motion of the source, and moves at speed c. For
example, if the source moves at ¢/2, the speed of the light emitted by the source in the same motion
direction is not c+c/2 = 3¢/2, but ¢. And the speed of the light emitted in the opposite direction is not
c—c/2 = ¢/2, but also c. Furthermore, to someone who is moving with the light source the speed of
both light beams is ¢ too. This might sound strange, because common sense tells us that if an air gun
moving at speed v relative to you shoots out a bullet at speed u relative to the gun, the speed of the
bullet you see is either v+u if it was shot forward, or u—v if it was shot backwards. It turns out, as
you may learn later in a university physics course, that the common sense answer is correct only when
u and v are much smaller than c, which is the case in ordinary situations such as air gun shooting out
bullets. Einstein’s principle of speed of light, which has been proven by numerous experiments, has
profound implications to the most fundamentals of physics. Here you are asked to study a particular
case, as given below.

A cart of length 2L with one marker at each end is moving at constant speed v along a straight rail. On
board is Observer A. Right in the middle is a light source. On the ground is Observer B. Both
observers are able to measure the time instantly whenever a light pulse (you can treat it as a small ball
of light) hits a marker*.

Source

—

Left marker ®A T Right marker
@) (@) v

©B

(a) The light source sent out two light pulses simultaneously, one to the left and one to the
right. The pulses eventually hit the markers. The time for the right pulse to travel from the
source to the right marker is T,, and the time for the left pulse to travel from the source to
the left marker is T. Find T, and T; in terms of ¢, L and v if necessary, as recorded by
Observer A. According to her, did the two pulses hit their markers simultaneously? (2
points)



(b) Find T, and T, as recorded by Observer B. According to him did the two pulses hit their
markers simultaneously? (4 points)

(c) Along the same way of thinking as (a) and (b), design an experiment to demonstrate that it
is possible for Observer A to see a pulse hits the right marker (let us call it event-1) before
another pulse hits the left marker (event-2), while according to Observer B the same pulse
hits the right marker (event-1) after the other pulse hits the left marker (event-2). (5 points)

(d) What has been shown in (c) is that the sequence of two events can be reversed, i.c.,
according to Observer A event-1 took place before event-2, while to Observer B event-2
took place before event-1. However, reversing the sequence of two events is not always
possible. Use the results in (c), prove that the two events are reversible if the distance
between the two events is larger than |cAt|, where At = T, — T, is the difference in time
between event-1 and event-2. The maximum value of vis c. (4 points)

*Both observers have as many assistants as needed. Any one of them is capable of recording a hit by a
pulse on a marker instantly if the marker is right where the assistant is. Observer A can have one
assistant at each marker for such purpose. Observer B can have many assistants aligned side by side
along the rail so that when a pulse hits a marker, there is always one assistant right at where the
marker is to instantly record the event.
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Take Home Question

HH

The following is an open question that you are encouraged to take home to study. How you
answer it will NOT affect in any way your grade and standing in HKPhO.

TR, G o R P o TR T B R -

The battle to overcome SARS is still raging, and everyone must maintain high vigilance. Infrared
thermometers are used widely in schools now. Due to shortage of disposable lens filters, some schools
use plastic wrap sheet instead. But experts warned that wrap sheet will distort the temperature
readings.
(a) Design a simple experiment to test whether experts’ warning is justified.
(b) If the result of your experiment shows that there is indeed small (~ 1°C) deviation of
reading when using wrap sheet, design a way to correct the reading.

S SARS [I9BE=F( 5t .";«»H:%%i%;lfﬁﬁ@ 15 A9 PRER T SRR« S 2
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Hong Kong Physics Olympiad 2003

25 May 2003

Answers and Suggested Solutions

Answers to Multiple-choice Questions:

1A 2.B 3.D 4.C 5.C
8.D 9.E 10. A 11.B 12.C
15.E 16. A 17. A 18.D 19.E

(Note for MC9: The magnetic field force on the coil is horizontal)

Suggested Solutions to Open-ended Questions:

Q.1
(a) As shown, the forces on the rob are the gravity Mg,
the reaction force from the frame N, and the
magnetic field force Fp.
The emf is BLvcos0, so the electric current is

I=BLvcosO/R ................ (1)
The magnetic field force on the rod is
Fo=BLIL.................. 2)

The balance of force along the slope implies

MgsinO = Fycos0 = v(BLcos6)*/R
So v = RMgsin6/(BLcos6)

(b) v is the same, but the direction of current is reversed.
(c) ThenI=0soF,=0.

The rod will slide down under constant acceleration gsin®.

Q.2

(a) Taking point-A as the pivot, both the floor reaction
force N and the friction force f are acting upon the
point because it is where the block touches the floor
if it is about to turn. The torque (moment) due to F =
0.8mg is FL and clockwise, where L is the length of
the cubic side. The torque due to gravity is mgL/2
and counterclockwise. So the block will tip over
around point-A.
On the other hand, the maximum friction force is
uN = pmg = mg > F
So the block will not slide.

(b) With the force applied as shown in the figure,
the reaction force of floor N = mg — Fsinf,
So the maximum f = (mg — Fsin0).
The sliding acceleration is
ma = Fcosf — (mg — Fsin0)
or
a/g = 0.8(cosO + sinf) — 1, and its maximum is 0.13
when 0 is 45 degrees.
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Q.3

Now, will the block tip over around point-A or point-B?
The torque due to F is 0.5FLcos45° < 0.5mgL so it will not tip over.

Note that if force F is applied on point-A at 45°, the block will tip over around
point-B. To prevent tipping over around either point-A and point-B, force F must be
applied near the middle point. Maximum distance x away from the middle point is
determined by (0.5L + x)Fcos45° = 0.5mgL, which leads to x = 0.384L.

Now let us go back to part (a), and consider F in general term. One type of answer |
often encountered during grading is ‘The friction and F form a clockwise torque
that tips off the block’. This, however, cannot be true because it implies that no
matter how small F is, it can always tip off the block, with the help of the friction.
The key element missing in the consideration is the illusive reaction force of the
floor on the block. Its direction must be upwards and strength equals to mg to
balance the gravity force along the vertical direction. The question is, where is the
reaction force N (= mg) acting upon? Or more precisely, what is the torque of N?
Just for the consideration of torque we can view N as acting upon a point on the
bottom of the block, a distance ‘X’ from the center. The reaction force N is of course
acting upon all the places the block is in touch with the floor but the force is NOT
uniformly distributed on the bottom surface. The net effect of it is to produce a
torque to keep the block in balance.

Choose the center of mass as the pivot point, the torque due to F and f (= F) is FL.
This must be balanced off by N so N must acting upon a point at X distance to the
right of the center, and Xmg = FL, so X = L(F/mg). Note that X cannot exceed L/2
so when F > 0.5 mg the block will tip over.

One can also choose point-A as pivot. In that case f produces no torque. The
clockwise torque is now FL + N(L/2-X), and the gravity produces a counter-torque
0.5mgL. So we have FL + mg(L/2-X) = mgL/2. Again we get X = L(F/mg).

(a) Complete the graph

(b)

Lens
A
C.-llm-'""" A
f e — 32
D, T = TN
1 B Dy /
[ o 2N

Define:
CiD; =h=AO0, G,D, =h’=0B, OD; = AC,=s, ;0 =BD,=s’, OF, = OF, =1,
Angle a = AC|B = OF;B, Angle B = AF,0 = AD;B (1 point)
Then OF /OB =h’/f =tana. = AB/AC; = (h+h’)/s .............. (1)

OF,/AO =h/f=tanf = AB/BD,=(h+h’)/s’ ............. (2)

(1) +@2)(h+h’)/f=(h+h’)/s+(h+h’)/s’, cancel (h+h’).
Note that there are many ways to prove the formula, and any one of them is as good
as the others.
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Q.4

Q.5

(¢) Angle C,0D,;= Angle C,0D;, (1 point), so M =h’/h =s’/s.

(a)

(b)

(©)
(d)

Consider the column of water of height h and cross area
A shown in the figure. The force the rest of the water on
the water column must balance the gravity force of the
column. Ignore the air pressure on the surface of water,
the force on the bottom surface of the column must equal

to mg, where m is the mass of the water column.

So

m = phA B

F =mg, and 4 b
pressure P = F/A RS i <«
Combining the three, one gets P = pgh o
Using the result in (a), the force from water on the top i
surface of the cubic is Apgh;, where h; is the depth of

the top surface, and is pointing downwards. Likewise, b

the force on the bottom surface of the cubic is Apgho, | B |

where h; is the depth of the bottom surface, and is

pointing upwards. The net force of water on the side

walls of the cubic is zero. So the total net force is

F = Apgh, — Apgh,

= Apg(hy - hy) = pgV

Pressure is zero (not counting the water vapor) because g = 0 in weightless
environment.

The same, because pressure of gas is a result of the thermal motion of the gas
molecules that keep hitting on the container wall. Acceptable answers also include
‘the pressure is smaller because the outer space is cold’, or ‘the balance of force on
the wall is changed because there is no gas pressure outside the container, so it will
explode’, etc., although the mechanical strength of the container may well sustain
such difference in pressure, just as a spaceship can keep normal pressure inside
while there is vacuum outside.

(a) Observer-A sees the following. The two markers are stationary. The two light pulses

are moving at ¢ towards their markers at distance L away. So
T,=Ti=L/c

(b) Observer-B sees the following. The two markers are moving to the right at speed v.

The two light pulses are moving at ¢ towards their markers, initially (right after the
pulses are emitted) at distance L away.

For the left pulse L = cT; + vTj, so Ty =L/(c + v)

For the right pulse L = cT; - v, so T, =L/(c - v) > T

So Observer-B sees that the two pulses hit markers at different times. This means
that simultaneity is no longer absolute. It depends on the motion of the observers.

(c) Relocate the light source to the right, so that its distance to the right marker is L,,

and its distance to the left marker is L. 2L =1, + L,. Since L, <L,, T, < T}, i. e.,
event-1 takes place before event-2, according to Observer-A.
According to Observer-B,

T, = L and T =——
c—-V C+V
If T, >T,, then Observer-B sees event-1 takes place after event-2.

L

r
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AU=T T = L L _ v(L, + |-|2)—C£|-| -L,) _ 2VL—2c(LI 2— L)
cC—-VvV C+V c -V Cc -V

At > 0 if 2vL > c(L; — L;). This can be easily achieved since (L; — L;) can be as
small as we want. For example, let (L, — L) = 0.1L, then all we need is v > 0.05c.

(d) From the expression of At’ in (c) we see that 2vL is maximum if v = ¢ (To save the
denominator from being zero we can let v very close to but not equal to c).
The inequality becomes
2L > (L; — L;) = cAt, where At is the time difference of event-1 and event-2 seen by
Observer-A. Note also that 2L is the distance between the two events.
So the general criteria is (distance) > (speed of light) x (time difference).
To put it into words, suppose Observer-A sees that event-1 takes place at time At
before event-2 at a distance S away from event-1, then it is possible for Observer-B,
who is moving relative to Observer-A, to see event-2 takes place before event-1 if S
> cAt. But if S < cAt then it is not possible given the restriction that he cannot move
faster than light.

Take-Home Question

Answer to (a)
Take two measurements on the same person, one with the filter and the other with the
wrap, and compare the readings.

Answer to (b)
I would like to ask a more general question: Is the reading of infrared thermometer
reliable? There are several aspects to be considered.

First, what is the random error of the reading? This is the spread of the readings when you
use the thermometer to measure a person (perhaps yourself) many (say 20 +) times within
a short period of time, and do statistics of the 20+ data to find out the Mean (say 36 °C)
and the Standard Deviation (say 0.2 °C), which is the random error of the thermometer
you operate. The Mean may not necessarily be the same as your true body temperature.
This brings out the second point: the systematic error of the thermometer.

The body temperature can be most reliably measured by the old fashioned mercury/glass
thermometer. In the following, when I say ‘temperature’ I mean that measured by a
mercury/glass thermometer. When 1 say ‘reading’ I mean the temperature reading
displayed by the infrared thermometer. Obviously, to find out the systematic error, you
need to compare your body temperature with the reading. Now, what if the reading is
different from the temperature but the difference is smaller than the random error? Then
your thermometer is fine. But what if the difference is larger than the random error? In
that case you need to do a ‘calibration’ of your infrared thermometer using the ‘standard’
mercury/glass thermometer. First, you need to find an object that you can change its
temperature with relative ease. Second, such object must give out the same reading as
your body when its temperature is the same as your body. This ensures that the emissivity
(I will explain what it really means later) of the object is the same as your body. Third,
change and record the temperature of the object within the normal range of human being
(say 34 to 42 °C) and record the reading at each temperature. The data you obtain
(temperature versus reading) then give you the correction you need. You can even fit the
data by a function with temperature as the Y value and reading as the X value. Suppose
you find that the temperature (Y) versus reading (X) data can be best described by Y =
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1.2 + 0.9*X, then when you get a reading of X = 39, you know the true temperature is
36.3 °C.

Some general information

The working principle of an infrared thermometer is that it measures the amount of
infrared light emitted from a particular part of a human body, say inside an ear, the
forehead, etc, and from the amount determines the temperature. Every object at non-zero
degree Kelvin emits light, or electromagnetic waves. This is the so called blackbody
radiation. The total amount of emitted energy is proportional to (Temperature)*. So a little
bit of change in temperature brings a much larger change in emission power. An ideal
blackbody (totally black object) does not reflect any light, and in return it emits the
highest amount of light among all other non-black objects held at the same temperature.
Hence comes the term emissivity e. Blackbody’s e is 1. Other objects have e < 1, and
their e’s vary from object to object. But some objects may happen to have almost the
same €’s. In general, objects that look shinny (high reflection) tend to have low e’s. A
piece of charcoal for barbeque has e ~ 0.95, while a piece of gold has e < 0.05. Therefore,
at the same temperature, a piece of charcoal emits 19 times the amount of energy of a
piece of gold. An infrared thermometer should have been calibrated for emissivity of
human skin. But skin covered by other substances such as sun cream or water may have
its emissivity modified. All these variations, however, can be tested by yourself. Different
parts of the human body have different temperatures. How do you deal with that?
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