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Looking at Distant Objects

(Adapted from Lacture-Tutorials for Introductory Astronarmy, ©CAPER. Team Praliminary Edition, 2002)

01. Descnibe what a hight vear 13 (13 1t ime? distance? speed?), giving some measurement comparizons that wall help
someone who has never taken an astronomy class understand.

Imapine that vou have recerved six pictures of six different children who live near six of the closest stars to the Sun.
Each picture shows a child on his or her 12th birthday. The pictures were each broadcast directly to you via radio

waves on the exact day of the child’s 12th birthday. From the closest to the most distant the children are:
#* Savamnah lives on a planet crbitng Alpha Centauri, which i1z 4.3 sly from our Sun.
# Peter lives on a planet orbiting Bamard's Star, which 1z 6.0 Iy from cur Sun.
#*Celeste lives on a planet orbiting Sinus, which 13 8.6 Iy from our Sun.
# John lves on a planet orbiting Rozs] 34, which 1z 9.5 Iy (hght vear) from our Sun.
#Inga lives on a planet orbitng Epzilon Endam, which 1z 10.8 Iv from our Sun.
#*Ron lives on a planet orbitimg Procyven, whach 1= 11 4 Iy from cur Sun.

Here 15 a rough scale, marking the distances from the Sun, and each child’s name. We’ll assume —although this 15
highly improbable — that these stars are situated in a straight line awzay from the Sun.
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You are hers. Wait time to receive pictures from children farther out.

02. What were the shortest and lonpest lenpths of time that it took for any one of the pictures to fravel from the child
to vou? Relate your answer to the distances to those children.

03. How cld did each child lock in s or her picture?

04. If each child was 12 years old when he or she zent iz or her picture to you, how old was each child—mn s or
her time frame—when yvou received their picture?

Savannah Peter Celeste John Ingza Fon

03. Is there a relationship between the current age of each child and hiz or her distance away from Earth? If zo0,
describe thiz relationship.



Let’s change the circumstances a bit. Imagine that the six pictures were broadeast by satellite to vou from thoze
planets, and that they all ammived at exactly the same time. To make thiz happen the child that is the farthest away
sends his picture first, taken when he was 12 vears old. The next farthest child waits until she receives that picture,
and then sends her picture right awav. This continues as signals travel to Earth.  The amount of time that passes
between each child before he or she Teceives the plctures from those children farther away 13 marked on the figure.

06. How cld wall Eon look when we receive his picture? v1%. Inga’ yIs. John? VT,

Celeste” vrz. Peter? vrz. Savannah? YIE.

07. How cld 1z each chold in s or her time frame when you finally recerve all of therr pictures? Ron
Inga John Celeste Peter Savamnah

0. In 1987, astronomers discovered a new supemovae in the Large Magellame Cloud (the “LNMC™), which they
named SN1987A. However, the Large Mape -: Cloud is ~170,000 light vears awav. When did thiz supemnova

actually occur?

09_ Although they are many thousands of hight-vears away, the Magellanic Clouds are actually quite close to us,

compared to the many other galaxies in the Universe. Astronomers can routinely detect galaxies that are as far as 11
billion light-vears away! Although we are just detecting the light from these galaxies now, how many years ago was
the light from these galaxies emtted?

Vears ago

10. Galaxies located m the nearest super cluster, the Virgo super cluster, are about 63,000,000 hight years away.
Let’s zay there 15 an advanced civilization on a planet or ting a star i a galaxy this super cluster with its
extremeh powerful telescopes pomnted at Earth. What major catastrophe do they observe?

11. Aszsuming that the Universe 1z 13.7 ballion vears old, the maximum age any galaxy can have today 1z about 13
billion vears (it took a few hundred thousand vears for galaxies to start forming). Are the apparent ages of these
distant palaxies very voung or verv old? How -:rldarethm m their ime frame? Explain your reasoning.

12, Quasars are “_. luminous lonz-lived objects 1n the universe ... known to lie in the nucle1 of massive
galaxies (and so the phenomenon belongs to the class of objects known as active galactic nuclei) ...
Because the universe i1s expanding with time, the light we receive from a quasar 1s "redshifted " 1.6,
shifted to lonzer wavelengths compared to the hizht that was emifted by the quasar long azo. Their extreme
ininnsic bnghmesses allow us to view them to back to the era when zalames were first putiing themselves
tozether. Nerther quasars nor galaxy formation 1s yet well understood. However, evidence 15 presently
bwmlding that the quasar phenomenon 1s inimately tied up 1n the formaton (and) early evelubon of
massive galames " ! If quasars were present only as part of the early evolubion of massive zalaxies, are
there any quasars in existence today or are they extinct? Explain your answer.
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