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Sears & Zemansky's
University Physics
with Modern Physics

FOURTEENTH EDITION

Hugh D. Young * Roger A. Freedman
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University Physics
with Modern Physics

Sears and Zemansky’s University Physics with Modern Physics 15/E
H. D. Young and R. A. Freedman
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Modern Physics

Semiconductor?

Fundamental Particles?

Cosmology?

Laser and Modern Optics



[t is an exciting time to be a scientist!
HRIERS A !
Exclusive: We may have detected a
new kind of gravitational wave
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Colliding Black Holes



First Images of a Black Hole from the Event
Horizon Telescope

Susanna Kohler FEATURES Share:
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Observations from the Event Horizon Telescope of the supermassive black hole at the center of the elliptical
galaxy M87, for four different days. [EHT Collaboration et al 2019]
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James Webb Space Telescope

Primary mirror Secondary mirror
Scientific
instruments

Stabilization
{ETs)

U’

Spacecraft bus




James Webb and Hubble compared

JAMES WEBB

Launch

Lifetime 10 years
Mirror size . . . . .. 6.5m

Mass

Operating
temperature . . .-230C

HUBBLE

31 years
Mirror size . ... .. 2.4m
Mass 12,200kg

Operating
temperature 20C

Source: Nasa EE



The James Webb Space Telescope

An international collaboration between US, European and Canadian space
agencies. It will observe extremely distant objects at infrared wavelengths
Size

To achieve its goals, it has fo be large but must fit in the fairing of an Ariane 5
rocket. So it is designed to fold, deploying over the month-long journey to orbit

Webb in folded configuration /\ ‘ ‘
|

_«— Hubble Space
\ Telescope to

/ @ same scale
—’ ‘ \

London bus to
same scale

WL

Webb in deployed configuration

The telescope
Webb has a hot (85C) and a cold (minus 233C) side

Cold side
Primary mirror More than five
times the size of Hubble’s. 18
hexagonal gold-coated

segments can be moved

independently
()

LB

Secondary mirror Co

light from the primary,
directing it to the third
mirror and instruments

Four instruments Use three
methods: cameras take
pictures, spectrographs
analyse light split info
colours and coronagraphs
block starlight, allowing finer
observation

Hot side

Sunshield Five layers protect the cold
side, reducing exposure to solar
energy by a factor of one million

Spacecraft bus Contains:
Solar panels and electrical system

Propulsion and attitude control system
Graphic: lan Bott
Sources: Nasa; ESA; FT research
©FT

Thermal control






2021-12-25 12:49 James Webb Space Telescope 2021-12-25 12:49 James Webb Space Telescope 2021-12-25 12:49James Webb Space Telescope
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Top view Side view Side view from the Sun

Webb’s Orbit
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Earth’s Orbit
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Science instruments
Cooling systems chill
Webb's four instruments
below -230°C, lest

their heat pollute the

will work in the infrared, looking back across the universe to
gather the light of the first stars and galaxies. It will also
bring into view the atmospheres of Earth-size exoplanets.

Bickel

Hubble

A golden opportunity
0n 25 December, NASA will launch the $10 billion James Webb
Space Telescope, a successor to the Hubble Space Telescope.
The segmented mirror—coated with a thin layer of gold-
J

g

Primary |
mirror &

Sunshield

600 nm

l
Ultraviolet Visible Infared

10 nm 400nm 700 nm
lfavelength in nanometers (nm)

Honeycomb eye
Webb has more than five times the
light-gathering power of Hubble.
Hubble (2.4 m) . E——
controls

Microshutter Exoplanet  Coronagraphic masks

Multitasking ] Mask mandate
Human (1.7 m) An array of nearly 250,000 I ) To gather the light of a
microshutters allows one planet and image it
* instrument to analyze light from { directly, Webb will mask ~ Star

(6.5m) hundreds of galaxies at once. the glare of the star.
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ALMA, the Atacama Large Millimeter Array
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First Images of a Black Hole from the Event
Horizon Telescope

Susanna Kohler Share: n m E

April 5 April 10 April 11

.

O

Observations from the Event Horizon Telescope of the supermassive black hole at the center of the elliptical
galaxy M87, for four different days. [EHT Collaboration et al 2019]
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Hubble Deep Field Details HST - WFPC2

PRC96-01b - ST Scl OPO - January 15, 1996 - R. Williams (ST Scl), NASA

Hubble Deep Field
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3G 273 | W |

Vesto Slipher
1875-1969

Comparison i@iﬁ%g@%gﬂgﬁg;g
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(b)

3C 273 1s a quasar located in the constellation Virgo. It was the first quasar ever to be identified.
It 1s the optically brightest quasar in our sky and one of the closest with a redshift, z, of 0.158.
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Edwin Hubble 1889-1953
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Why will Webb study infrared?

The electromagnetic spectrum Visible light
Radio waves Microwave Infrared lUITraviolet X-rays Gamma rays

NNAVAVA TAVAVAY AN AT ] T

Webb will observe a wide band of the
infrared spectrum. Longer wavelengths of
infrared light can pass through dust more
easily, allowing clearer imaging

The phenomenon of red shift

Because the universe is
expanding, distant stars and
galaxies are moving away. To
an observer, light waves from
them appear to stretch out,
making them more visible to
infrared detectors

Visible light viewed if Observer

the object were static\\

Because the object is actually moving
away, its light appears to be stretched

out to infrared wavelengths —\

Graphic: lan Bott

%o:;ges: Nasa; ESA; FT research @%E@E% , ZI%??@_Zj( , ZI&M%%E/%% o




Atmospheric
opacity

100 %

50 %

0%

Visible light
Gamma rays, X-rays and ultraviolet observable
light blocked by the upper atmosphere from Earth,
(best observed from space). with some

atmospheric

distortion.

0.1 nm 1 nm 10 nm 100 nm 1 pum 10 um

Most of the
infrared spectrum
absorbed by
atmospheric
gases (best
observed

from space).

Long-wavelength
radio waves
blocked.

Radio waves observable
from Earth.
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern D. [Ages Development of
400,000 yrs. / Galaxies, Planets, etc.

Inflation

Quantu

F|uctuatio

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years




Peering into the past

Webb will reach farther out in space and further back in time than Hubble or ground-based telescopes. It could show how galaxies evolved from ungainly clumps to the elegant
spirals and ellipses seen today. It should also reveal whether starlight was sufficient to ionize the hydrogen gas that filled the universe, or whether black holes assisted.

Present-day Modern Peak star lonization is lonization of First Big
universe galaxies formation  complete hydrogen begins stars bang

Webb f i - — :
(2021) . ' : . .
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What Will the
James Webb Space

Telescope See?

After 30 years in development, the largest
space telescope in history is scheduled to launch
on Dec. 24. It will peer 13 billion years into the
past to observe the universe in its infancy.

—

RETEBEIRAE AR

Webb takes us even
closer to the beginning.

With a 22-foot mirror and the ability
to see invisible infrared light,
Webb will reveal the universe when it
was just 250 million years old.

THE BIG
BANG

We created a 3-D map of the
observable universe to show you where
Webb will be looking for some of
its first missions.

Tap the link to see it in your
space with AR.

13 billion
years ago

N 10 billion

"-5b|f|lbn- s\
‘years agos: - i
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WEBB UNFOLDING SEQUENCE

Webb is so big that it has to fold origami-style to fit in the Ariane 5 rocket and it will unfold like
a ‘transformer’ in space. This graphic shows a few key steps of the unfolding sequence, which
is a complex process that Webb will go through in its month-long journey to L2.

\
\

Tensioning and separation
of the five sunshield

Lateral deployment insulation layers

of the sunshield

Deployment of the two L+1 month
structures protecting the
folded sunshield Webb telescope
unfolded

Unfolding of the
secondary mirror
support structure

Secondary

(, mirror

esa

Primary
mirror

3

Deployment of the
two primary mirror
lateral wings




WEBB'S JOURNEY TO L2

Webb will arbit the second Lagcange point [L2), 1.5 millon kiometres kom Earth in the direction
away from the Sun. At L2, Webb can always block kght and heat from both the Sun and Earth with
its sunshigld to observe the Universe in infkared. L2 is not 3 foced point, but fellows Earth around

the Sun = providing 3 stable oebit for Webb,

In first month
Telescope unfolds

V L+4-6 months

Test instrument
capabilities

. L+6 moaths

! Begin routine science
L+1 month observations

Telescope unfolded
Enters orbit around L2




_~ Lunar orbit

_~ Phasing loops




WEBB TELESCOPE IMAGE SHARPNESS CHECK

NIRCAM

detail

NIRSPEC
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Webb NIRCam composite image of Jupiter from three filters — F360M (red), F212N (yellow-
green), and F150W2 (cyan) — and alignment due to the planet’s rotation. Credit: NASA
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Neptune



JAMES WEBB SPACE TELESCOPE

NEPTUNE

NIRCam Filters F210M F300M




The first anniversary image from NASA’s James Webb Space Telescope displays star birth like it’s never been
seen before, full of detailed, impressionistic texture. The subject is the Rho Ophiuchi cloud complex, the
closest star-forming region to Earth. It is a relatively small, quiet stellar nursery, but you’d never know it from
Webb’s chaotic close-up. Jets bursting from young stars crisscross the image, impacting the surrounding
interstellar gas and lighting up molecular hydrogen, shown in red. Some stars display the telltale shadow of a
circumstellar disk, the makings of future planetary systems.






JWST’s First Glimpses of Early
Galaxies Could Break Cosmology

The James Webb Space Telescope’s first images of the distant universe shocked astronomers.
Is the discovery of unimaginably distant galaxies a mirage or a revolution?

By Jonathan O'Callaghan on September 14, 2022

Astronomers Grapple with JWST's
Discovery of Early Galaxies

Researchers are convinced the James Webb Space Telescope has glimpsed an unexpected
population of galaxies in the early universe. Now they’re trying to decide what this means for
our understanding of the cosmos

By Jonathan O'Callaghan on December 6, 2022 duad) 4l 13 ya e

JWST’s Newfound Galaxies Are
the Oldest Ever Seen

We now know that the first galaxies in our universe formed shockingly fast, thanks to the latest
results from the James Webb Space Telescope

By Jonathan O'Callaghan on April 13, 2023



?_‘1’;\258'68'21 420 WEBB SPECTRA REACH NEW MILESTONE IN REDSHIFT FRONTIER

Of the four, the most distant i1s one with the somewhat unwieldy
name JADES-GS-z13-0. It has a redshift value of 13.2, meaning we
are seeing the galaxy as it appeared just 320 million years after the
big bang. That high redshift makes JADES-GS-z13-0 the most
distant currently known in the universe



JADES-GS-z13-0
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JWST’s First Glimpses of Early
Galaxies Could Break Cosmology



3 Years of Science: 10 Cosmic
Surprises from NASA's Webb
Telescope

Since July 2022, NASA's James Webb Space Telescope has been unwaveringly focused on our
universe. With its unprecedented power to detect and analyze otherwise invisible infrared light,
Webb is making observations that were once impossible, changing our view of the cosmos from

the most distant galaxies to our own solar system.

Webb was built with the promise of revolutionizing astronomy, of rewriting the textbooks. And
by any measure, it has more than lived up to the hype — exceeding expectations to a degree
that scientists had not dared imagine. Since science operations began, Webb has completed
more than 860 scientific programs, with one-quarter of its time dedicated to imaging and three-

yielding more than 1,600 research papers, with intriguing results too numerous to list and a host

of new guestions to answer.

Here are just a few noteworthy examples.

1. The universe evolved significantly faster than
we previously thought.

1-1-S)



The JADES Deep Field uses observations taken by NASA’s James Webb Space Telescope (JWST) as part of the JADES
(JWST Advanced Deep Extragalactic Survey) program. A team of astronomers studying JADES data identified about 80
objects that changed in brightness over time. Most of these objects, known as transients, are the result of exploding stars or
supernovae. Prior to this survey, only a handful of supernovae had been found above a redshift of 2, which corresponds to
when the universe was only 3.3 billion years old — just 25% of its current age. The JADES sample contains many supernovae
that exploded even further in the past, when the universe was less than 2 billion years old. It includes the farthest one ever
spectroscopically confirmed, at a redshift of 3.6. Its progenitor star exploded when the universe was only 1.8 billion years old.
NASA, ESA, CSA, STScl, JADES Collaboration




Webb Narrows Atmospheric Possibilities for Earth-sized Exoplanet TRAPPIST-1d

The exoplanet TRAPPIST-1d intrigues astronomers looking for possibly habitable worlds beyond our solar system because it is similar in size to
Earth, rocky, and resides in an area around its star where liquid water on its surface is theoretically...

(®) ARTICLE

NASA's Webb Finds New Evidence for Planet Around Closest Solar Twin

Astronomers using NASA's James Webb Space Telescope have found strong evidence of a giant planet orbiting a star in the stellar system closest
to our own Sun. At just 4 light-years away from Earth, the Alpha Centauri triple star system...

(®) ARTICLE

NASA's Webb Traces Details of Complex Planetary Nebula

Since their discovery in the late 1700s, astronomers have learned that planetary nebulae, or the expanding shell of glowing gas expelled by a low-
intermediate mass star late in its life, can come in all shapes and sizes. Most planetary nebula...

(®) ARTICLE

NASA's Webb Scratches Beyond Surface of Cat’s Paw for 3rd Anniversary

It's the cat’s meow! To celebrate its third year of revealing stunning scenes of the cosmos in infrared light, NASA's James Webb Space Telescope
has “clawed” back the thick, dusty layers of a section within the Cat’s Paw Nebula (NGC...

(®) ARTICLE

Downloads



NASA’s James Webb Space Telescope’s near-infrared view of the Cat’s
Paw Nebula reveals mini “toe beans.” Massive young stars are carving
the gas and dust while their bright starlight is producing a bright

nebulous glow. Eventually this turbulent region will quench star
formation.

NASA, ESA, CSA, STScl.







SOCIAL AND ECONOMIC IMPACT

OF CLIMATE CHANGE
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© Nobel Prize Outreach. Photo:
Risdon Photography

Syukuro Manabe

Prize share: 1/4 Seteanshot

© Nobel Prize Outreach. Photo:
Bernhard Ludewig

© Nobel Prize Outreach. Photo:
Laura Sbarbori

Klaus Hasselmann Giorgio Parisi

Prize share: 1/4 Prize share: 1/2



“for groundbreaking contributions to our understanding of complex physical systems”
with one half jointly to

Syukuro Manabe
Princeton University, USA

Klaus Hasselmann

Max Planck Institute for Meteorology, Hamburg, Germany

“for the physical modelling of Earth’s climate, quantifying variability and reliably predicting
global warming”

and the other half to

Giorgio Parisi
Sapienza University of Rome, Italy

“for the discovery of the interplay of disorder and fluctuations in physical systems from atomic to
planetary scales”
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FIG. 5. Approximately as envisioned by Svante Arrhenius in
1896 [6], a “one-layer atmosphere” over Earth that absorbs
and emits the outgoing infrared radiation from the surface
Fc'. We assume the outgoing atmospheric infrared emis-

sion is the same as the incoming, and that the atmosphere is
isothermal, so that Fa* = F4T = F4. Modified from [5].
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Manabe’s climate model

Syukuro Manabe was the first researcher to
explore the interaction between radiation
balance and the vertical transport of air
masses due to convection, also taking account
of the heat contributed by the water cycle.

Cold Hot air +
air latent heat

Infrared heat radiation from the
ground is partially absorbed in the
atmosphere, warming the air and
the ground, while some radiates
out into space.
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Hot air is lighter than cold air, so it rises
through convection. It also carries water
vapour, which is a powerful greenhouse
gas. The warmer the air, the higher the
concentration of water vapour. Further up,
where the atmosphere is colder, cloud
drops form, releasing the latent heat
stored in the water vapour.
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Carbon dioxide heats
the atmosphere

Increased levels of carbon
dioxide lead to higher
temperatures in the lower
atmosphere, while the upper
atmosphere gets colder.
Manabe thus confirmed that
the variation in temperature
is due to increased levels of
carbon dioxide; if it was
caused by increased solar 30
radiation, the entire atmosp-
here should have warmed up.

40

= 150 ppm CO,
s 300 ppm CO,
s 600 ppm CO,

Temperature at the surface
fell by 2.28°C when the level
of carbon dioxide halved.

It increased by 2.36°C when
the level of carbon dioxide
doubled.
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Source: Manabe and Wetherald (1967) Thermal equilibrium of the atmosphere with a given distribution of relative humidity, Journal of
the atmospheric sciences, Vol. 24, Nr 3, May.
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Obsevations of changes in tem perature (°C)

Identifying fingerprints in the climate

Klaus Hasselmann developed methods for distinguishing between
natural and human causes (fingerprints) of atmospheric heating.
Comparison between changes in the mean temperature in relation to
the average for 1901-1950 (°C).

= Observations

=== (Calculations that show
the effect of only natural
sources, such asvolcanic
eruptions.

=== (Calculations of the effect
of both natural and
human sources.

Volcanic eruptions
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Source: Hegerl and Zweirs [(2011] Use of models in detection & attribution of climate change, WIREs Climate Change.
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[t is an exciting time to be a scientist!
HRIERS A !
Exclusive: We may have detected a
new kind of gravitational wave
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EUYV stands for extreme ultraviolet light, which produces the circuitry.
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