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Wintry Scenes From a

Swedish Wonderland

With his foreign assignments canceled for the year, a

photographer refocuses on his homeland — and finds
plenty to admire.

Waiting for northern lights. Snow is a good insulator, so digging a hole and lighting a fire is
an excellent way to warm up.
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Dec. 21. 2020


















r 1B FE YIRS R AL EELEFIRY I Z S > iEHFW)H Thermal Physics
Y FEVIRG Y 2 ZGIRER ~ MBIV GAEA - IR ELERTIEE -




VIRGHIINRERE & 2 v A RARHYAE |



—16°C NYC



VisaHiRREE & 2 g F R ARATAE |



AN
5

) vl AN =1V T i

18.8
#EETLN S BIREREIR R (E
VIR RASIA— 1% - EIFL BRI
A -

T

18.9
EinEE(Lh - ESBRRS

(a) #B_LERIFRAEAE - (b) BAKRFHEREHN 2IRE IR R - B o AR AT AR AR o



Thick glass
wall

Capillary of
small volume

Liquid (mercury
or ethanol)
Thin glass wall







i}
7~

JIER BN

== =80
o b JBR

f

RAe i

— Container

of gas

at constant

volume

AR

A

{BUF—WERYSE B A E HY 22l ] P ?



P TIR SR Al AR SR — (EE 2R |

@ﬂfomig

"BSERR.  THIKRRR, » THEEAR, 6% THIGRR ., TEERR.
THARR, ~ TORRR. © TERLRR, ~ E im— TORER .

UESBRR, « "RRBR. ~ WIBES R "R % TRTERS.

KAERR, - AEORE - —ROVEFHMES R THEBR




onkey),

¥k (Snow m

r



Kl_,l}é\mﬁif El’]%%“*%ﬁ% ‘é*éiiwfl?!llﬁl’]mﬂl?ﬁﬁ ’ %?ﬂ??&ﬂk%ﬂ&% °
HE&RER | AHAEEEE - 2HREEE L | BREIAHE(E AL

R PAHR R - RBRAEH—(EEZRET | RTESEAE 7

RONEREAAERE > BERMEESE L - AR —REAREWHE -

%

[I
o



H 5 S BRRUR

< | HEEHEIAHE2EAIE!

IRRE I S s 24 A ZE F B S
ZME gl 2Ly

2Pl 2 FYIRREA FHERVIFIE -

S " =n




FCPETEEINGG - B —(ERE R RIIRE

7~

= RHETE - KR -
SEETER ST SRR IS G > ATREIRS -

AR T > (E5a A EIREY 5882 ZVE(E |



i o B

LR SRR R EC iy > S B R R > A B RN E RR Y EA -
AN, CBR~BfA —> AN=~Bf

(b) ... then systems A and B are in

CiB R ~

(a) If systems A and B are each in

thermal equilibrium with system C ...

Insulator
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System System
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System
¢
Conductor Conductor
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CMB is a blackbody radiation at 2.725K -
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Light and matter
are coupled
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Light and matter Light and matter

are coupled separate

Dark matter evolves * Protons and electrons
independently: it starts form atoms

clumping and forming * Light starts travelling

a web of structures freely: it will become the

Cosmic Microwave
Background (CMB)
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Figure 3.8: Free electron fraction as a function of redshift.
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Figure 3.8: Free electron fraction as a function of redshift.
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separate
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(a) For moderate temperature changes, AL is
directly proportional to AT.
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(a) A model of the forces between neighboring (b) A graph of the “spring” potential energy
atoms in a solid U(x)

Average distance between atoms U(x) x = distance between atoms
® = average distance
between atoms

As energy increases from E, to E, to Ej,
average distance between atoms increases.
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TABLE 18-2

Some Coefficients of Linear Expansion®

Substance a (107%/C°) Substance a (107%C®)

Ice (at 0°C) 51 Steel

Lead 29 Glass (ordinary)
Aluminum 23 Glass (Pyrex)
Brass 19 Diamond
Copper 17 Invar® “REsH
Concrete 12 Fused quartz
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V (cm?)
While the expansion of water

1.05 = with temperature is approximately

1.03  linear ...
1.01 %

0 20 40 60 80 100
T (°C)
V (cm®) --- On a fine scale it is not exactly
linear, which has important
consequences for life on earth.

1.0004
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Zero ——
level

(a) A constant-volume gas
thermometer
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— Thick glass
wall

Capillary of
small volume

— Liquid (mercury
or ethanol)

!

— Thin glass wall

Dashed lines show the plots
extrapolated t
pressure..,,

Z

B e
L2z

— Container

of gas
at constant
volume

(b) Graphs of pressure versus temperature at constant volume
for three different types and quantities of gas

Plots of pressure as a function of
temperature for gas thermometers
containing different types and
quantities of gas

p

: T(°C)

—273.15 —200

0 100

200

0
®

' T (K)

300 400 500

The extrapolated plots all reach zero pressure
at the same temperature: —273.15°C.

Capillary

e S

Indicial
point

Kelvin scale

FIGURE 1-6

Simplified constant-volume gas
thermometer. Mercury
reservoir is raised or lowered
so that the meniscus at the left
always touches the indicial
point. Bulb pressure equals
plus atmospheric pressure.

K C F
Water boils /[\ 373 /I\ 100° —T212°--
100K |100C° |180 F°
Water freezes —\L273 " \I/ 0° \l/ 32°+
CO, solidifies 195 —78° +——109° 1
Oxygen liquefies 90 +——183° +——298°1
Absolute zero ——— 0 -+— —273° +——460°+
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Specific heat ¢

WEM&EZEQ&?%&E Q — igg{b AT Substance J/kg:°C cal/g-°C

Elemental solids

A

e BN . -n Aluminum 900 0.215
Ell\ll ()lll'lellt Il’: Beryllium 1 830 0.436
] Cadmium 230 0.055

1= Copper 387 0.092 4
Germanium 322 0.077

System Gold 129 0.030 8
O] Iron 448 0.107

(~

T Lead 128 0.030 5
S Silicon 703 0.168
( Silver 234 0.056
S Other solids

Ty <Tg Q>0 | NI . ™

Ice (—5°C) 2 090 0.50

Marble 860 0.21
Tk A7 seh =L A N g=o N R Wood 1 700 0.41

P A AR EA e Q Bl 7 Bl AN B FE B LAT - & B IEED -
Liquids
Alcohol (ethyl) 2 400 (.58
Q = CAT = mCAT Mercury 140 0.033

Water (15°C) 1 186 1.00

Gas

Steam (100°C) 2010 (.48
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Q1 +Q,=0
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mlclAT]_ + m2C2AT2 =0

Tlf — TZf - Tf
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ST

Specific Heats of Some Substances at 25°C
and Atmospheric Pressure

Specific heat ¢

Substance J/kg-°C cal/g-°C

Elemental solids

Aluminum 900 0.215
Beryllium 1 830 0.436
Cadmium 230 0.055
Copper 387 0.092 4
Germanium 322 0.077
Gold 129 0.030 8
Iron 448 0.107
Lead 128 0.030 5
Silicon 703 0. 168
Silver 224 0.056

Other solids

Brass 380 0.092
Glass 837 0.200
Ice (—5°C) 2 090 0.50
Marble 860 0.21
Wood 1 700 0.41
Liquids

Alcohol (ethyl) 2 400 (.58
Mercury 140 0.033
Water (15°C) 4 186 1.00
Gas

Steam (100°C) 2010 (.48




Specific Heats of Some Substances at 25°C

and Atmospheric Pressure

Specific heat ¢

m]_ClATl + m2C2AT2 =0

Substance J/kg-"C cal/g-°C
=== B=Ry g~ <A FEF 454 0 olids
FIREATE AT » LLEA » SEEESE{L/N o Hlonental sl
Aluminum 900 0.215
Beryllium 1 830 0.436
Cadmium 230 0.055
Copper 387 0.092 4
Germanium 3922 0.077
Gold 129 0.030 8
7 S 424 Ir 448 0.107
KEEEYEA » BT 5 | o '
Lead 128 0.030 5
S S e sz [ SH RESK Silicon 703 0.168
Other solids
Brass 380 0.092
Glass 837 ().200
Ice (—5°C) 2 090 (.50
Marble 860 .21
Wood | 700 0.41
Liquads
Alcohol (ethyl) 2 400 (.58
Mercury 140 0.033
» Water (15°C) 1 186 1.00
Gas

Steam (100°C) 2010 (.45




BRTAZ

I
&
£l
Bk
by



20 40 60 &0 100

© 2012 Pearson Education, Inc.







T ERRRE RS - G aHsE
HAE BV Re S A SR BV E SCHAE E
Q =mL
T (°€)
120 —

90 —

60 —

Steam
Water + steam

30 —

B Water
0

" |

A/—ﬁ Ice + I
| water |

30) ll

|

|

/°

Ice 697 306 8

| | | | |
1000 1500 2000 2500 3000

i
500

|
l
l
|
|
I
|
|
|
|
l
l
|
I
|
|
l
l
I
I
|
|

3070 3110

() |

Energy added ()

© 2004 Thomson/Brooks Cole



Melted Gallium

TABLE 17.3 Melting/boiling temperatures and heats of transformation

Substance T, (°C) L;(J/kg) T, (°C) L, (J/kg)
Nitrogen (N,) —210 0.26 X 10° —196 1.99 X 10°
Ethyl alcohol —114 1.09 X 10° 78 8.79 X 10°
Mercury =30 0.11 X 10° 357 296 % 10°
Water 0 3.33 X 10° 100 22.6 X 10°

Lead 328 0.25 X 10° 1750 8.58 X 10°

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.
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(a) Raising the temperature of water by doing

work on i T EYIFTHEIVDIEEKETREERE N - A0[E IR S Wi
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Specific Heats of Some Substances at 25°C

1 2 3 4 5 6 7
L O O and Atmospheric Pressure
/ (a) Circle Circular |
/ hole Specific heat ¢
LR LRI LA LN LRR LAY AR RRR ALY LI LA RLAL
1 2 3 4 5 O 6 O 7, Substance J/kg +*°C cal,/g «*C
() Elemental solids
. . . Aluminum 900 0.215
Some Coefficients of Linear Expansion® Beryllium | 830 0.436
Substance a (1078/C°) Substance a (1074/C°) Cadmium 230 0055
Copper AR7 0.092 4
Ice (at 0°C) 51 Steel 11 Germanium 322 0.077
Lead 29 Glass (ordinary) 9 Gold 129 0.030 8
) . ’) - " e . -~ -
Aluminum ﬁg anss (Pyrex) 3.3 prn 448 0.107
Brass It Diamond 1.2 Lead 128 0.030 5
Copper 17 Invar® 0.7 Sili 703 0.168
- SLHIcoOn AN AN
Concrete 12 Fused quartz 0.5 l i / g
Silver 224 0.056
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L=Ly+ aL(T —T,) Eint(T) = mce(T — Ty) + Ejni (Ty)
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Ice |
\

Water —_

MNP

mlcl(Tf — Tli) = —mzC'Z(Tf — Tzi)

TREMMEE R/ E

The vertical component

of velocity decreases by  The horizontal
component of velocity
is constant throughout

the motion.

9.8 m/s every second.

9.8
Velocity vectors are E X
shown every 1 s. v
Values are in m/s. When the particle returns

to its initial height, v _is
opposite its initial value.
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