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A. SEMESTER LEARNING ACTIVITY PLAN

A.1 COURSE IDENTITY

Module Name

Statistical Physics

Module Level

Bachelor Degree

Course Code N/A
Subheading N/A
Course contained N/A
Semester/Year 5/3

Module Coordinator

Prof. Tjipto Prastowo, Ph.D

Lecturers

1. Prof. Tjipto Prastowo, Ph.D
2. Dr. Zainul Imam Supardi, M.Si
3. Utama Alan Deta, M.Si

Language

Bahasa Indonesia

Course Classification

Compulsory

Teaching format/
The number of hours per
week during semester

A weekly meeting in class for 3 ‘hours’ of teaching
(1 ‘hour’ of teaching = 50 minutes)

Course Load

1 Course Unit = 3 workhours per week or 170 minutes
per week with various activities as follows:

e Class Activity: 50 minutes

e Structured Learning: 60 minutes

¢ Independent Learning: 60 minutes
3 Course Units =9 workhours per week = 510 minutes
per week

Course Credit

3 Course Units

Pre-requisites

Modern Physics

Course Learning Outcome

1. Demonstrating independent, creative and honest
characters in doing student assignments, mid and final
exams.

2. Understanding theoretical concepts of Statistical
Physics in general and Classical Statistics (Maxwell-
Boltzmann distribution) and Quantum Statistics (Bose-
Einstein and Fermi-Dirac distributions)
comprehensively.

3. Being able to formulate problem solving for procedural
problems relevant to the applications of both Classical
and Quantum Statistics to some statistical phenomena
found in microscopic systems.

Course Content

Statistical Physics examines the behaviour of microscopic
systems having extremely huge number of constituting
particles through an approach of both classical distribution
of Maxwell-Boltzmann Statistics and quantum distribution
of Bose-Einstein and Fermi-Dirac Statistics. During class
discussion, differences among the three statistical
distribution are explained. The applications of the classical
and quantum statistical distribution are discusssed that




include ideal and real gases, boson and fermion gases,
classical and semi-classical gases, Gibbs paradox, entropy
of classical and semi-classical gases, monoatomic and
diatomic gases, the specific heat of monoatomic and
diatomic gases, the specific heat of solids based on classical
and quantum calculations, and total partition function in
the presence of molecular interaction, and the introduction
of concepts of micro canonical, canonical and grand
canonical ensembles.

Attributed soft skill Collaborative work in a group of students

References and sources 1. Prastowo, T. 2014. Lecture Notes on Statistical Physics.

Unpublished work.

2. Pointon, A. J. 1978. An Introduction to Statistical
Physics. London, UK: Longmann.

3. Beiser, A. 1988. Perspective of Modern Physics.
London, UK: McGraw-Hill.

4. Serway, R. A. et al. 2005. Modern Physics. California,
US: Thomson Learning Inc.

5. Kittel, C. and H. Kroemer. 1980. Thermal Physics. New
York, US: W. H. Freeman and Co.

6. Some power point files and/or course materials
relevant to Statistical Physics from the internet.

A.2 COURSE TOPICS

Class discussions involve the following learning materials:

1.

10.

General consideration: statistical distribution function, phase space, scopes of Statistical
Physics

Velocity, momentum and kinetic energy distribution functions, the applications of
Maxwell-Boltzmann Statistics, equipartition principle and the specific heat of gases,
Boltzmann partition function

Boson system and its population, Bose-Einstein gas, the applications of Bose-Einstein
Statistics, thermal radiation of the black-body, photon as boson, Planks’ radiation law
Boson system and its population, Bose-Einstein gas, the applications of Bose-Einstein
Statistics, calculations of the specific heat of solids, phonon as boson, Einstein theory,
Debye theory

Fermion system and its population, Fermi-Dirac gas, the applications of Fermi-Dirac
Statistics, conduction electrons as fermion, Fermi theory

Fermion system and its population, Fermi-Dirac gas, the applications of Fermi-Dirac
Statistics, calculations of the specific heat of metals

Thermodynamics of gases based on classical and quantum statistical distributions,
concepts of entropy, open and closed systems

Concepts of entropy, a change in entropy, classical and semi-classical gases, Gibbs
paradox

Diatomic gases, quantum model of translational, rotational and vibrational motions,
total partition function for diatomic gases

Ensembles of micro canonical, canonical, grand canonical systems, total partition
functions of classical and semi-classical systems, total partition function in the presence
of molecular interaction




A.3 COURSE PROGRAM

THE STATE UNIVERSITY OF SURABAYA Document
FACULTY OF MATHEMATICS AND NATURAL SCIENCES oce

PHYSICS STUDY PROGRAM

SEMESTER LESSON PLAN
NAME OF COURSE COURSE CODE DISCIPLINE COURSE UNIT SEMESTER DATE CREATED
STATISTICAL PHYSICS PHYSICS T= 3 units P=? 5 (five) 2 August 2020
AUTHORISATION AUTHOR COURSE COORDINATOR HEAD OF PHYSICS STUDY
PHYSICS DEPARTMENT PROGRAM

Prof. Tjipto Prastowo, Ph.D Prof. Tjipto Prastowo, Ph.D Prof. Dr. Munasir, M.Si

Learning Achievement | Program Learning Outcome (PLO)

PLO1 Students are able to demonstrate knowledge of Classical Physics and Modern Physics.

PLO2 Students are able to formulate a physical systems as physical model by using mathematics.

PLO6 Students are able to improve their knowledge and continue their study in a higher education.

PLO9 Student are able to work as an individual as well as a team effectively, have entrepreneurship skill and awareness of

environmental issues.

Course Learning Outcome (CLO)

CLO-1 Demonstrating independent, creative and honest characters in doing student assignments, mid and final exams.

CLO-2 Understanding theoretical concepts of Statistical Physics in general and Classical Statistics (Maxwell-Boltzmann distribution) and
Quantum Statistics (Bose-Einstein and Fermi-Dirac distributions) comprehensively.

CLO-3 Being able to formulate problem solving for procedural problems relevant to the applications of both Classical and Quantum

Statistics to some statistical phenomena found in microscopic systems.

Final competence in each step of learning (Sub-CLO) ‘

Sub-CLO1 Being able to understand differences between microscopic and macroscopic systems as well as laws of physics control the two.

Sub-CLO2 Being able to understand basic principles of Maxwell-Boltzmann Statistics to derive some physical distribution function and
its applications to the structure of an ideal gas in general, equipartition principle and the specific heat of gases.

Sub-CLO3 Being able to understand basic principles of Bose-Einstein Statistics and its applications to black-body radiation.

Sub-CLO4 Being able to understand basic principles of Bose-Einstein Statistics and its applications to the specific heat of solids.

Sub-CLO5 Being able to understand basic principles of Fermi-Dirac Statistics and its applications to conduction electrons on metals.




Sub-CLO6 Being able to understand basic principles of Fermi-Dirac Statistics and its applications to the specific heat of metals.

Sub-CLO7 Being able to understand basic principles of thermodynamics of gases based on classical and quantum statistics, concepts of
entropy for open and closed systems.

Sub-CLO8 Being able to understand basic principles of thermodynamics of gases based on classical and quantum statistics, concepts of
entropy and a change in entropy of a system, classical gases, Gibbs paradox, semi-classical gases.

Sub-CLO9 Being able to understand basic principles of quantum model of diatomic gases, a combined motion of molecular translation,
rotation and vibration, total partition function for diatomic gases.

Sub-CLO10 | Being able to understand ensemble model for description of microscopic systems, the role of total partition function in
formulation of Helmholtz energy to derive the equation of state and total energy of gases with or without the presence of
molecular interaction.

Course Description

Statistical Physics examines the behaviour of microscopic systems having extremely huge number of constituting particles through an approach
of both classical distribution of Maxwell-Boltzmann Statistics and quantum distribution of Bose-Einstein and Fermi-Dirac Statistics. During class
discussion, differences among the three statistical distribution are explained. The applications of the classical and quantum statistical distribution
are discusssed that include ideal and real gases, boson and fermion gases, classical and semi-classical gases, Gibbs paradox, entropy of classical
and semi-classical gases, monoatomic and diatomic gases, the specific heat of monoatomic and diatomic gases, the specific heat of solids based
on classical and quantum calculations, and total partition function in the presence of molecular interaction, and the introduction of concepts of
micro canonical, canonical and grand canonical ensembles.

Topic Discussions:
Learning Materials

1. General consideration: statistical distribution function, phase space, scopes of Statistical Physics

2. Velocity, momentum and kinetic energy distribution functions, the applications of Maxwell-Boltzmann Statistics, equipartition principle and
the specific heat of gases, Boltzmann partition function

3. Boson system and its population, Bose-Einstein gas, the applications of Bose-Einstein Statistics, thermal radiation of the black-body, photon as
boson, Planks’ radiation law

4. Boson system and its population, Bose-Einstein gas, the applications of Bose-Einstein Statistics, calculations of the specific heat of solids,
phonon as boson, Einstein theory, Debye theory

5. Fermion system and its population, Fermi-Dirac gas, the applications of Fermi-Dirac Statistics, conduction electrons as fermion, Fermi theory
6. Fermion system and its population, Fermi-Dirac gas, the applications of Fermi-Dirac Statistics, calculations of the specific heat of metals

7. Thermodynamics of gases based on classical and quantum statistical distributions, concepts of entropy, open and closed systems

8. Concepts of entropy, a change in entropy, classical and semi-classical gases, Gibbs paradox

9. Diatomic gases, quantum model of translational, rotational and vibrational motions, total partition function for diatomic gases

10. Ensembles of micro canonical, canonical, grand canonical systems, total partition functions of classical and semi-classical systems, total
partition function in the presence of molecular interaction

References

Primary: ‘

1. Prastowo, T. 2014. Lecture Notes on Statistical Physics. Unpublished work.
2. Pointon, A. J. 1978. An Introduction to Statistical Physics. London, UK: Longmann.




Secondary:

3. Beiser, A. 1988. Perspective of Modern Physics. London, UK: McGraw-Hill.
4. Serway, R. A. et al. 2005. Modern Physics. California, US: Thomson Learning Inc.
5. Kittel, C. and H. Kroemer. 1980. Thermal Physics. New York, US: W. H. Freeman and Co.

Some power point files and/or course materials relevant to Statistical Physics from the internet

Lecturers

1. Prof. Tjipto Prastowo, Ph.D
2. Dr.Z.A. Imam Supardi, M.Si
3. Utama Alan Deta, M.Si

Pre-requisites

Modern Physics

Learning Format,

Week | Final competence in each Assessment Methods, Instruction, Learning Materials Proportion
learning step (Sub-CLO) (Time Allocation) (%)
Indicator Criteria & Format Luring (offline) Daring (online)
(1) (2) (3) (4) (5) (6) (7) (8)
1 Being able to understand Students can Contextual Learning e General
differences between explain Class discussion consideration
microscopic and differences Q&A e Statistical
macroscopic systems as well | between distribution
as laws of physics control microscopic and function
the two systems macroscopic ® Phase space
systems as well o Scopes of
as laws of L .
. Statistical Physics
physics control
the two systems
2 Being able to understand Students can Contextual Learning e Velocity,

basic principles of Maxwell-
Boltzmann Statistics to
derive some physical
distribution function and
its applications to the
structure of an ideal gas in
general, equipartition

explain basic
principles of
Maxwell-
Boltzmann
Statistics to
derive some
physical

Class discussion
Q&A

momentum and
kinetic energy
distribution
functions

e The applications of
Maxwell-
Boltzmann




principle and the specific
heat of gases

distribution
function and

its applications
to the structure
of an ideal gas

Statistics

e Equipartition
principle

e The specific heat
of gases

in general,

equipartition

principle and

the specific heat

of gases
Being able to understand Students can Contextual Learning e Velocity,
basic principles of Maxwell- | explain basic Class discussion momentum and
Boltzmann Statistics to principles of Q&A kinetic energy
derive some physical Maxwell- distribution
distribution function and Boltzmann functions
its applications to the Statistics to e The applications of
structure of an ideal gas in derive some Maxwell-
general, equipartition physical Boltzmann
principle and the specific distribution Statistics
heat of gases function and e Equipartition

its applications principle

to the structure
of an ideal gas
in general,
equipartition
principle and
the specific heat
of gases

® The specific heat
of gases

Being able to understand
basic principles of Maxwell-
Boltzmann Statistics to
derive some physical
distribution function and
its applications to the

Students can
explain basic
principles of
Maxwell-
Boltzmann
Statistics to

Exercise on Chap. 2,
Lecture Notes on
Satistical Physics
(Assignment 1)

Contextual Learning
Class discussion
Q&A

e The applications of
Maxwell-
Boltzmann
Statistics

e Equipartition
principle

10%




structure of an ideal gas in
general, equipartition
principle and the specific
heat of gases

derive some
physical
distribution
function and

its applications
to the structure
of an ideal gas
in general,
equipartition
principle and
the specific heat
of gases, solve
problems
relevant to
Maxwell-
Boltzmann
Statistics

® The specific heat
of gases

® Boltzmann
partition function

Being able to understand
basic principles of Bose-
Einstein Statistics and its
applications to black-body
radiation

Students can
explain basic
principles of
Bose-Einstein
Statistics and its
applications to
black-body
radiation

Contextual Learning
Class discussion
Q&A

e Boson system and
its population

e Bose-Einstein gas

e The applications of
Bose-Einstein
Statistics

e Thermal radiation
of the black-body

e Photon as boson

e Planks’ radiation
law

Being able to understand
basic principles of Bose-
Einstein Statistics and its
applications to the specific
heat of solids

Students can
explain basic
principles of
Bose-Einstein
Statistics and its
applications to

Contextual Learning
Class discussion
Q&A

® Boson system and
its populatioN

e Bose-Einstein gas

e The applications of
Bose-Einstein
Statistics




the specific heat
of solids

o Calculations of
the specific heat of
solids

e phonon as boson

e Einstein theory

e Debye theory

7 Being able to understand Students can Exercise on Chap. 3, Contextual Learning e Boson system and 10%
basic principles of Bose- explain basic Lecture Notes on Class discussion its population
Einstein Statistics and its principles of Statistical Physics Q&A e Bose-Einstein gas
applications to the specific Bose-Einstein (Assignment 2) e The applications of
heat of solids Statistics and its Bose-Einstein
applications to Statistics
the specific heat e Calculations of
of solids, solve the specific heat of
problems solids
relevant to e phonon as boson
Bose-Einstein e Einstein theory
Statistics e Debye theory
8 Mid Semester Exam 30%
9 Being able to understand Students can Contextual Learning e Fermion system
basic principles of Fermi- explain basic Class discussion and its population
Dirac Statistics and its principles of Q&A e Fermi-Dirac gas
applications to conduction Fermi-Dirac e The applications of
electrons on metals Statistics and its Fermi-Dirac
applications to Statistics
conduction e Conduction
electrons on electrons as
metals fermion
e Fermi theory
10 | Being able to understand Students can Exercise on Chap. 4, Contextual Learning e Fermion system 10%

basic principles of Fermi-
Dirac Statistics and its
applications to the specific
heat of metals

explain basic
principles of
Fermi-Dirac
Statistics and its

Lecture Notes on
Statistical Physics
(Assignment 3)

Class discussion
Q&A

and its population
e Fermi-Dirac gas
e The applications of
Fermi-Dirac

10




applications to
the specific heat
of metals, solve

Statistics
e Calculations of the
specific heat of

problems metals
relevant to
Fermi-Dirac
Statistics
11 | Being able to understand Students can Contextual Learning e Thermodynamics
basic principles of basic principles Class discussion of gases based on
thermodynamics of gases of Q&A classical and
based on classical and thermodynamic guantum statistical
guantum statistics, concepts | s of gases based distributions
of entropy for open and on classical and e Concepts of
closed system quantum entropy
statistics, e Open and closed
concepts of systems
entropy for
open and closed
system
12 | Being able to understand Students can Contextual Learning e Thermodynamics
basic principles of basic principles Class discussion of gases based on
thermodynamics of gases of Q&A classical and
based on classical and thermodynamic guantum statistical
guantum statistics, concepts | s of gases based distributions
of entropy for open and on classical and e Concepts of
closed system quantum entropy
statistics, e Open and closed
concepts of systems
entropy for
open and closed
system
13 | Being able to understand basic principles Contextual Learning e Concepts of

basic principles of
thermodynamics of gases

of
thermodynamic

Class discussion
Q&A

entropy
e A change in

11




based on classical and
guantum statistics, concepts
of entropy and a change in
entropy of a system,
classical gases, Gibbs
paradox, semi-classical gases

s of gases based
on classical and
guantum
statistics,
concepts of
entropy and a
change in
entropy of a
system, classical
gases, Gibbs
paradox, semi-
classical gases

entropy

o Classical and semi-
classical gases

o Gibbs paradox

14 | Being able to understand Students can Contextual Learning e Diatomic gases
basic principles of quantum | explain basic Class discussion e Quantum model of
model of diatomic gases, a principles of Q&A translational,
combined motion of guantum model rotational and
molecular translation, of diatomic vibrational
rotation and vibration, total | gases, a motions
partition function for combined e Total partition
diatomic gases motion of function for

molecular diatomic gases
translation,
rotation and
vibration, total
partition
function for
diatomic gases
15 | Being able to understand Students can Contextual Learning e Ensembles of

ensemble model for
description of microscopic
systems, the role of total
partition function in
formulation of Helmholtz
energy to derive the

explain
ensemble
model for
description of
microscopic
systems, the

Class discussion
Q&A

micro canonical,
canonical, grand
canonical systems
e Total partition
functions of
classical and semi-

12




equation of state and total
energy of gases with or
without the presence of
molecular interaction

role of total
partition
function in
formulation of
Helmholtz
energy to derive
the equation of
state and total
energy of gases
with or without
the presence of
molecular
interaction

classical systems
e Total partition
function in the
presence of
molecular
interaction

16

Final Exam

40%

13




A.4 MAPPING OF LEARNING OUTCOME-COURSE OUTCOME

A.4.1 Program Learning Outcome (PLO) of UPP

Competency of

Component | Code Programme Learning Outcome (PLO)
SSC-ASIIN
Specific Knowledge KNO-1 | Able to demonstrate knowledge of Classical
competences (PLO1) | Physics and Modern Physics
KNO-2 | Able to formulate a physical systems as physical
(PLO2) | model by using mathematics
KNO-3 | Able to solve problems in physical systems
(PLO3) | comprehensively by using mathematics and
computational tools
Skill SKI-1 Able to analyze a physical system by applying
(PLO4) | mathematics and computational tools/ICT
SKI-2 Able to design and conduct experiments in
(PLOS) | learning physics by applying the scientific
methods
SKI-3 Able to improve their knowledge and be able to
(PLO6) | continue their study in a higher education
SKI-4 Able to communicate their ideas and/or research
(PLO7) | results in academic writing and speaking
effectively
Social and Social SOC-1 | Able to make a decision based on the data and
attitude (PLO8) | information in order to fulfil and evaluate their
competences task responsibility
SOC-2 | Able to work as an individual as well as a team
(PLO9) | effectively, have entrepreneurship skill and
awareness of environmental issues
Attitude ATT-1 | Able to demonstrate good scientist’s manners,
(PLO10) | critical thinking and innovation skills in research
and professional fields; and willing to do lifelong
learning
ATT-2 | Able to demonstrate the appreciation of
(PLO11) | religious values, and nationalism as citizens as

well as conducting their tasks professionally

14




A.4.2 Program Educational Objective (PEO) of UPP

1. Produce Bachelor of Physics who are able to use physics knowledge and methodology to
solve problems in their work field.

2. Produce Bachelor of Physics who have a strong commitment to developing knowledge,
whether by studying in a higher-level degree working in a formal institution and
entrepreneurs.

3. Produce Bachelor of Physics who master the scientific method to observe, analyze and
understand physical phenomena, and produce scientific work and contribute according
to their expertise.

4. Produce Bachelor of Physics who masteries physics that is able to apply their knowledge,
expertise in various fields of work, and develop themselves in their career environment.

5. Produce Bachelor of Physics who can communicate orally and/ in writing effectively,
creatively, innovatively, and collaboratively, as well as working in teams.

A.4.3 Mapping of PLO-PEO

Objectives
Produce Produce Produce Produce Produce
Bachelor of Bachelor of Bachelor of Bachelor of Bachelor of
Physics who | Physics who Physics who Physics who Physics who
are able to have a strong master the masteries can
use physics commitment to | scientific physics thatis | communicate
knowledge developing method to able to apply orally and/ in
and knowledge, observe, their writing
methodology | whether by analyze and knowledge, effectively,
Outcomes to solve studying in a understand expertise in creatively,
problems in higher-level physical various fields innovatively,
their work degree working | phenomena, of work, and and
field. in a formal and produce develop collaboratively,
institution and scientific themselves in as well as
entrepreneurs. work and their career working in
contribute environment. teams.
according to
their
expertise.
PLO-1 S S S S S
PLO-2 S S S S S
PLO-3 S S S S S
PLO-4 S S S S S
PLO-5 S M S M S
PLO-6 S M S S M
PLO-7 S S S M S
PLO-8 S M S M S
PLO-9 S M S M S
PLO-10 M M M M S
PLO-11 M M M S S
Notes:

S = Strong, M = Moderate, L= Low

15




B. COURSE ASSESSMENT

B.1 ASSESSMENT RUBRICS
N/A.

B.2 ASSESSMENT SYSTEM

Final grade for each student is obtained from each component of assessment below,

Assignments 1 and 2 :30%
Mid Exam :30%
Final Exam (Assignment 3) 1 40%

B.3 WEIGHT DISTRIBUTION OF ASSESSMENT

Component CLO-1 CLO-2 CLO-3 | TOTAL
Assignments 1 and 2 20 40 40 100
Mid Exam 40 40 20 100
Final Exam 20 30 50 100

Notice that all numerical data in the above table are given in per cent.

B.4 STUDENT GRADE SYSTEM
Final grade for each student is classified below according to a total score obtained,
Excellent . if a total score is greater than or equal to 80
Good . if a total score is greater than or equal to 70
Satisfactory . if a total score is greater than or equal to 55
Failed : if a total score is less than 55
Grade Interval

A 85 < A <100

A- 80 £ A- <85

B+ 75 £ B+ < 80

B 70 £ B <75

B- 65 < B- <70

C+ 60 < C+ < 65

C 55 < C <60

D 40 £ D <55

E 0 £ E <40

16



C. COURSE DEVELOPMENT

C.1 A BRIEF REPORT FOR CLASS RESULTS

The following table reports student academic achievement during the course.

Parameter N N in per cent
The number of students taking the subject 34 100
The number of students who has passed 34 100

the course during a normal time

The number of students who has passed - -
the course by a remedial treatment

The number of students who has failed the - -
course after taking a remedial treatment

C.2 ANALYSIS OF CLASS PROBLEMS

Class achievement is recorded successful with three students scored between 55 and 70,
classified as satisfactory, 19 students scored between 70 and 80, classified as good and other
12 students scored greater than 80, classified as excellent. The final scores were distributed to
grades C, B-, B, B+, A- and A.

C.3 STRATEGY FOR ALTERNATIF SOLUTIONS
N/A. All the students have passed the course.

17



D. APPENDICES
D.1 DOCUMENTS OF CLASS ACTIVITIES
D.1.1 Weekly Journal

TR0 SIAMATA: Catal Jurnal Pariuliahan

Karnpas Ketintang
Jalan Ketintang, Sumbaya 60231
T +6231-8293484
F +6231-B293484
lamian: unesaac.id

email ; bakph@unesa.ac.id

KEMEMTERIAN RISET, TEKNOUOG, DAN PENDHLHKAN TINGG]

UNIVERSITAS NEGERI SURABAYA
UMESA

Aktivitas Perkuliahan

Mama Matakuliah :Fisika Statistik
Kelas - 2018E
Jadwal &Ruang  :C03.03.02 (14.40- 1710 R,

THPTO PRASTOWO (196702031935021001)
UTAMA ALAN DETA (19890317201 5041003)

Nao. Tanggal Pertenman

1 16-05-2020 Pertemuan

ke 1

2 23-09-2020
ke 2

3 30-08-2020 Pertemuan

ke 3

4 07-10-2020 Pertermuan

Pertemuan |

Status
Terjadwal

Topik Feserta

1. Penjelasan RPS 34
Fisika Statistik

2. Penjelazan tugas,
sistemn evaluas dan
ASBSMMEn
perkuliahan Fisika
Statistik

3. Materi Bab 1
Lecture Motes on
Statistical Physics

4. 5istem
makroskopis vs
sistemn mikroskopls

5. Besaran empiris vs
besaran
mikraskopis

&, Pengertian Ruang
Faza

7. Distribusi Statistik
Klasik vs Distribusi
Statistik Kuantum

1. Fumgsi distribus 34
statistik

2. Statistik Maxwell-
Boltzmann

3. Fungsi distribusi
kecepatan,
momentum, energi

4, Kecepatan rata-
rata, kecepatan
s, kecepatan
yang paling
mungkin

5. Teori ekipartisi

Terjadwal

1. Aplikasi statistik 34
Maxwell-
Boltzmann
2. Teorl ekipartisi
3. Kalor jenis gas
ideal
4, Persamaan
keadaan gas ideal
5. Penjelasan PR

Terjadwal

1. Sistern Boson 34 Terjadwal

Dosen
Tjipto Prastowao

| Tlipta Prastowo

Tjipto Prastowao

Tjipto Prastowo
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TR0 ‘ENAFADA Cetalk Jumnal Periuiiahan

kes 2. Populasi Boson
3.Gas Bose-Einstein
5 14-10-2020 Pertemuan 1.Gas Bose-Elnsteln 34 Terjadwal | Tlipto Prastowo
kes 2. Aplikasi Statistik
Bose-Einstein
3. Konsep Fonon
4. Kalor Jenis Zat
Padat
5. Temperatur
Einstein
& 21-10-2020 Pertemuan 1. Sistern Fermion 34 Terjadwal | Tjipto Prastowo
ke & 2. Populasi Fermion
3. Gas Fermi-Dirac
7 28-10-2020 Fertemuan 1. Gas Fermi-Dirac 34 Terjadwal | Tjipto Prastowo
ke 7 2, Aplikasl Statistik
Fermi-Dirac
3. Kontribusi elektron
kenduksi
4, Konsep Energi
Fermi, Kecepatan
Fermi, Temperatur
Fermi
5. Sifat konduktivitas
logam
&, Persiapan UTS
B8 04-11-2020 Pertemuan | UTS 34 Terjadwal | Tlipto Prastowo
ke s
9 11-11-2020 Pertemuan | Aplikasi Statistik Fermi- 34 Terjadwal | Utama Alan Deta
ke 9 Dirac (1}
10 18-11-2020 Pertemuan | Aplikasi Statistik Fermi- 34 Terjadwal | Utama Alan Deta
ke 10 Dirac (2}
1 25-11-2020 Pertemuan | Termodinamika Gas (1) 34 Terjadwal | Utama Alan Deta
ke 11
12 02-12-2020 Pertemuan | Termodinamika Gas (2) 34 Terjadwal | Utama Alan Deta
ke 12
13 09-12-2020 Perternuan | Termodinamika Gas (3) 34 Terjadwal | Utama Alan Deta
ke 13
14 16-12-2020 Pertemuan | Ensembel Kanonik, 34 Terjadwal | Utama Alan Deta
ke 14 Grand Kanonik, dan
Mikrokananik (1}
15 23-12-2020 Pertemuan | Ensembel Kanonik, 34 Terjadwal | Utama Alan Deta
ke 15 Grand Kanonik, dan
Mikrokanonik (2)

hitps Fslakndu unesa.ac (ST TobeD0- 3382 3o0c-Dic3- Zhi0deTEal3 7. aspTid= 1aa8a03d-0e33- 3o 3-Gael- Melei020ddcelak_jurnal=1

19



D.1.2 Student Attendance

TR0 SIAFAL - Alypen
FKEMENTERIAN PENDIDIKAN DAN KEBUDAYAAN JL Lidah Wetan, Surbzya- 60213
Telepon +&211-954245732
UNIVERSITAS NEGERI SURABAYA Fabimile :+6231-99424532

e-mal  bakph@unesaacid

PRESEMNS| KULIAH

Periode 202002021 Gasal
Mata Kuliah : Fisika Statistik Dosen t Prof, Tiipte Prastown, Pha,
Kelas : 201BE Liama Alan Deta, SPd, M.Pd,, M50,
Prodi : 51 Fisika

Pemamian Ka

T 23 ]aJs 6] 78] Jw i iz]u]wa]is
Mo | NI Nama Mahasiswa FEEEEEEE R R EBEBEEBE R ER

sap | Sep | Sep | Oct | Oct | Ocr | Oct | Mow | Mow | Mow | Mow | Bec | Dec | Dec | Do

E1EAEIE ETEA I EAE A A EA EA A A
1. | 1BOS0Z24035 | SV RAHMAWAT WIBOWD H|H|H|A|H|H|A|H[H|AIH[H]R]H]H 00w
2 18030224035 | SLVIE PLISPA ANGGRA INI H H H H H H H H H H H H H H H | 100 %)
? TBO30Z24037 | ILMA ALILLA H H H H H H H H H H H H H H H |100 %)
3. | 18000224008 | FUNNY QOARY AN H|HW|H|H|H|H|H|H|[H]|H|H|[H]®W]H]H|w00%
5, | 1B030224035 | MOCHAMMAD AMANG MUSTAGHFRI | H | H | H {H [ A |H|H|H|H|H|H|[HA|A]H]H[00®
6, | 18030224040 | SARI DEWI ARERRDDERERDEERNDEEREEREERER
7. 18030224041 | HURLIL LATHE FATUL CHARIDAH H H H H H H H H H H H H H H H |100 %
B | 18050224042 | SANLA NUR FAIZA, H|HW|H|H|H|H|H|H|H|H|H|[H]®W]H]H 00w
5. | 1B030224043 | LULL MUR MALLIDA H|H|H|H|H|H|A|H|H|HIH[H|HR]H]H 00w
10| 15030224044 | AJENG DV ANTIRA H|H|H|HA|HF|[H|A|H[H|AIH[H]R]H]H 00w
11, | 18030724045 | ERA RAHMEWATI H H H H H H H H H H H H H H H |100 %)
12, | 18030224048 | MUSYAROERH CW1 HUF LAILY H|B|H|H|HR|H|H|H|H|H|H|[H]®W]H]H 00w
13, | 1BO30Z24047 | HUR KA DWW LESTARD H|H|H|H|H|H|H|H|H|HIH[H]HR]H]H 00w
14, | 18030224045 | TIA NUR AGUISTIM HlH|H|H|HF|[H|AlH[H|HIH[H]B]H]H 00w
15, | 18030224045 | DANIAR KARTIKA H H H H H H H H H H H H H H H |100 %)
16, | 18030224050 | KHOIROTIN H|B|H|H|R|H|H|AR|H|H|H|[H]®B]HA]H |w0ow
17, | 19050224051 | MUHAMMAD ASTROFUL IVAM H| M |H|H| R |H|A|A|H|H|H[H]RA]A]HA 00w
18, | 18030224052 | EKA NURLIL HDWFAH H|H|H|HA|HF|[H|AlH[H|AITH[H]R]H]H 00w
1%, | 18030724053 | FARAH KHALIDAH KHANSA H H H H H H H H H H H H H H H |100 %)
20, | 18030224054 | FAMEARIS CHUZA I H H H H H H H H H H H H H H H |100%
20, | 18050224056 | WA WAHTU KINNASIH H| M |H|H|R|H|HA]A|H|H|H[H]#A]HA]HA 00w
22, | 1BOB0Z24057 | ROIFATU DRANA ZAM H|H|H|A|H|H|A|H|[H|AIH[H]R]A]H 00w
23, | 1803024058 | CAMNDAA [HHIMNGEH H H H H H H H H H H H H H H H |100 %)
[24. | 18030224055 | ARSHA EATU RAHANTI H|R|H|H|R|H|A| A |H]|H|H|H]B]A]A |oow
25, | 18050224060 | ANGELINA, O TA VIRCHIKA, H| M |H|H|R|H|H] A |H|H[H[H]#]HA]H|00%
26, | 1BUS0224061 | ANGGRAII DWICRTANLA, H|H|H|HA|H|H|A|H|H|HIH[H|R]H]H 00w
27, | 18030224052 | FRLY MAULIDYA ANGGRAYMI HlH|H|[H B [H|H[H[H[HIH[H[B]H]H 00w
28, | 18030224053 TEKTIPLIRFEM!IJTAM-I H H H H H H H H H H H H H H H |100 %
25, | 18050224004 | AGEP MUGHI MUAMMAR H|HW|H|H|R|H|H|A|[H|H|H|[H]|®A]HA]H 00w
30, | 1BUB0224065 | WK NATAGHA KHARISMA H|H|H|H|H|H|A|H|H|HIH|[H|HR]H]H 00w
31, | 18030224056 | SYAH MANTA MAULANA EHAK Hlr|A|R|r|A|AlR|H|RIHA[H]R]A]H s
32, | 18030224057 | MUSLIMATUL FITRIA H H H H H H H H H H H H H H H |100 %
33, | 18030224068 | GONITAH SALSABILLAH H|B|H|H| R |H|H| A |[H|H|H|[H]|®W]HA]H 00w
34, | 18030224062 | HIKMATUL MALLIDAH H|H|H|H|H|H|H|H|H|HIH[H|HR]H]H |00®

Tanda Tangan Dosen / Asisten

hitps slakndu unesa.ac 00044 18d3- NT3- 3701-0045- b0GCTTO3baba.as pe?prink= 1aa8ai3d-Ded3- 3o 3-Gael- J4eleMO0200d ns= absend s mi= 20204 "
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D.2 DOCUMENTS OF EXAMS
D.2.1 Mid Exam

KEMENTERIAN PENDIDIKAN DN KEBUDAYAAN Kesmps sty .

UNIVERSITAS NEGERI SURABAYA P vy

FAKULTAS MATEMATIEA DAN ILMU PENGETAHUAN ALAM E physics unesa acid

JURUISAM FISIKA fimika fmipa uresa acid
MID-SEMESTER EXAM

SEMESTER ODD YEAR 2020/2021

Course : Statistical Physics
Lecturer : Tjipto Prastowo, Ph.D

Utama Alan Deta, M.Pd., M.51
Study Frogramme / Class : 5-1 Physics / 2018E

Date : Wednesday, 4 November 2020
Duration / Time : 100 minutes / 3.00 — 4.40 pm
Test Format : Open-Book

HINTS: Please write carefully your answers to the following guestions using all possible sources of study (your notes
on weekly discussion on course materials, Lecture Notes on Statistical Physics, relevant files, infermet).

l. 15 point.
(a) Explain clearly fundamental differences between Maxwell-Boltzmann statistics,

Bose-Einstein statistics, and Fermi-Dirac statistics. (CLO 1, )

25 point.

{b) Derive two separate conditions associated with particle population density and a constant
A in Lecture Notes on Statistical Physics, where Bose-Einstein Gas representing phonons
and Fermi-Dirac Gas representing conduction electrons on metals can be, in some sense,
regarded as classical systems for particular limits. (CLO 1, 2)

2. 60 point.
Classical physics states that the specific heat cv of solids is independent of temperature hence
constant at all ranges of temperature, that is. cv = 3R where R = 8.3 Jmol'K' is universal gas
constant. Such a statement is contradictory to empirical facts arguing for the dependence of
the specific heat on temperature in particular in a low temperature regime, as illustrated below.

Lzl

Alsuranam

Silicean

D

O feal Smaal- K
= R

ra

1 200 L] L] Ao LM 120

Absolute temperanire, K

www.unesa.acid | “Growing with character”
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KEMENTERIAN PENDIDIKAN DAN KEBUDAYAAN Kampus Ketintang

UNIVERSITAS NEGERI SURABAYA oy b beovade
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM £ physics@unesaacd
JURUSAN FISIKA $sika fmips unesaacid

UNESA

(a) Show that the specific heat cy of solids according to Einstein model for atomic vibration in
solids is 5.5 kal mol”'K"! at temperature of T=Tg where T is Einstein temperature.

(b) Determine Einstein temperatures Tr for lead, aluminum, and silicon.

(c) Calculate the gap in energy for lead, aluminum, and silicon.

(d) Calculate the oscillator mean energy for lead. aluminum, and silicon at temperature 300 K.

(CLO 1. 2.3)

wwwaunesaacid | “Growing with character” ety

150 2001:3018

Ao
10 oxaeoory
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D.2.2 Final Exam

) KEMENTERIAN PENDIDIKAN DAN KEBUDAYAAN miap
UNIVERSITAS NEGERI SURABAYA oy b i
FAKULTAS MATEMATIKA DAN ILMU PENGETAHUAN ALAM £ physics@unesaacid
UNESA JURUSAN FISIKA $sika fmipa unesa acid

FINAL-SEMESTER EXAM
SEMESTER ODD YEAR 2020/2021

Course : Statistical Physics

Lecturer : Prof. Tjipto Prastowo, Ph.D.
Dr. Z.A. Imam Supardi, ML.Si.
Utama Alan Deta, MLSi.

Study Programme / Class  : Physics/ FD 2018 and FE 2018

Date : 6 January 2020
Duration / Time : 100 menit
Test Format : Open-Book

HINTS: Please write carefully your answers to the following questions using all possible
sources of study (your notes on weekly discussion on course materials, Lecture Notes on
Statistical Physics, relevant files, internet).

1. Electrons in the metal can be an additional factor that affects the specific heat of metals.
Using Fermi-Dirac Statistics, explain this phenomenon! How do electrons and phonons
contribute to the specific heat of metals?

Score 30 (CLO 1,3)

2. An assembly contains classical systems which can only have two energy levels, E1 = 0 and
Ez = £. The number of systems in the assembly is N and volume of the assembly is V. Let m2
be the number of particles occupying the energy level Ez, m1 = N - n2 be the number of
particles occupying the energy level E;, and the total energy of the particles is U = nz¢; then:

a. Specify the total partition function of the system!
b. Determine the total energy of the system!
c. Determine the heat capacity at the constant volume of the system!
Score 40 (CLO 1,2)

3. Explain the differences and provide examples (at least 3 examples) along with explanations
about Canonical, Grand Canonical, and Micro Canonical Ensembles!
Score 30 (CLO 1,3)

wwwaunesaacid | “Growing with character” Mansgoment
Spsem
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D.3 SAMPLES OF STUDENT PERFORMANCE

D.3.1 Assignment 1

—

TUGAS Frstica STATISTIE

Nama ketompok 1. Nusul Lathii Fosul Chanudan (041)

fKetas

I- Bukiikan rumvys don Vove = | QKT

Jouno .

2. PAuSyarOfal Muwi Nur Loy (046)
3 To mr Agushn (048)

4, Arsha Royu Rahonh  (059)
T 2018 €
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Dimuaan banwo
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4, w [kita periu bela,ar fisika statistik untuk me'npelajar' sistem rn:kroskopls
. ;ﬁ- beranggota sangat banyak dalam orde bilangan Avogrado yang tidak
s // mungkin mengkarakterisasi masing-masing individu anggota sistem
—{tersebut. Sifat sistem kemudian diturunkan dari perataan sifat
e o oy individu anggota sistem tersebut.

4. a) wngapa Ksa periu belcuar Hislka Stahshy ?

Jawdp © Karena Statishica paca umunnya +idok dapat menjangiou ururan mird, hanya
Uxuron makro sqja. Unduk Ko penu adonya fisika Stahshik. Fisika Siatishk vompy
nembahas ctau MeNghitung Sistem Fisis leeukiuran Mk Gang berada dialam, diman
Sistem mikro Ini hdak dapat dithal Secaro lﬂﬂgsung seperti molexul, ajom dan lqin
Lamn.
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Ruang fasa merupakan kombinasi dari ruang spasial dan ruang momentum atau kecepatan.

Oleh karena atom-atom sistem mikroskopis selalu bergerak dan bergerak itu berarti posisinya

berpindah, maka dinamika sistem mikroskopis dapat didiskripsikan dengan baik dan lengkap
——4{melalui pergerakan atom-atom sistem mikroskopis tersebut dalam

b) Mergapa penu ada ruong (asa Untlik Sistem IYHRIDSKCpK 2
Jauab * Buang foso adarain kom lpinasi aNYOM MONG SpauBL dan (ARG MONVENEM . isdem Mikeasie i
Yaing kita fahu odaiain sstom fisie yang berukuran mikm (Keadd dimana sistem ini’ selalu
_ bergertk, zerta wenivuk Massa don Juge omentum. Sehingg PG Maang faso dersebut
untur Menghiturg germw -gerax yang aco pada nuangan atau Parhkel - partive) daiom bench,

©) Mengapa Semua gungsi disiousi Memivi benfuke Sebogai fmgsi eksponensral Pangkar Negoi 2
Jawab : Agar kuvo distikus’ dapar berioentuk Sepert Kunc peivuhon rodwakhy - Dimana kunva ter-
Senut melengwung dcm Kin ke konan bawaon menunjukian bahwa 2a radickaksy semakin
____lamo Semakin menyusut dan beneuwany.
_|Sebagian besar fungsi distribusi yang mendiskripsikan sifat dan perilaku alamiah sistem
fisis apapun biasanya merupakan fungsi Gaussian yang memiliki cirl sebagai fungsi
eksponensial berpangkat negatif. Hal ini untuk memberikan batasan terhadap i
kemungkinan nilai teoritis variabel dinamik dalam fungsi distribusi tersebut berharga -
—{tak hingga. Misalnya, fungsi distribusi kecepatan dan energi, seandainya kecepatan dan
_lenergi berharga tak hingga maka secara otomatis fungsi distribusinya berharga nol.
Dengan kata lain, secara fisis tidaklah mungkin menjumpai situasi dimana kecepatan dan |
energi sistem berharga tak hingga karena hal itu berarti fungsi distribusinya berharga nol. |
Apabila fungsi distribusi berharga nol, maka sistem fisis tersebut tidak eksis. -

rifﬁn‘a
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D.3.2 Assignment 2
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D.3.3 Student Work on Mid Exam
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D.3.4 Student Work on Final Exam
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D.4 VALIDATION TEST

D.4.1 Validation Test of Mid Exam

EEMENTERIAN PEMDIDIKAN DN EEBUDAYAAN Kampus "'ﬁ":“:"! .
UMNIVERSITAS NEGERI SURABAYA A
FAKULTAS MATEMATIKA DAM ILMU PENGETAHUAN ALABA £ physics Quresa acic
UNESA JURUISAM FISIKA fisika fmipa.unesa ac.id
VALIDATION FORM FOR MID-SEMESTER EXAM
COURSE Statistical Physics
1. Demonstrating independent and honest characters in domg Mid-Exam on
Statistical Physics.
2.  Understanding theoretical concepts of Statstical Physics in general, and
classical statistics distnbution {Maxwell-Boltzmann) and quantum
CLO o R - . . i .
statistics distributions | Bose-Emstein and Fermi-Dirac) comprehensively.
3. Being able to formulate procedural problem solving associated with
applications of both classical and quantum statistics distnbutions to some
phenomenclogical microscopic systems.
Lecturer Tjipto Prastowo, Ph.D
Instruction Choose and tick (+) the appropriate mark in this column for:
1. Adequate 2. Good 3. Excellent
Category
No Aspects
| 2 3
1 Instruction for solving the problems
2 Suitability of each question with CLO
3 Level balance of casy, medium and difficult questions v
4 Scorng guidelines follow the points of the mark v
5 The duration of completing the questions follows the time available ¥
] Allows multiple altemative correct answers No
7 Each question does not depend on other questions Yes
] The questions are communicative and do not have ambiguity v
g Tables, pictures, graphics, maps. or the like are presented clearly and y
legibly (if any)
Comments'Suggestions:
Mid-exam questions are in line with CLO S_'-“T_-‘h“-“- 30 October 2020
for Statistical Physics Course listed. v “I"h‘”f:,
A n e
o g
A _
Utama Alan Deta, M_Pd., M.S1
NIF 19820317201 5041002
Responses from Lecturer:
Surabaya, 31 October 2020
Lecturer,
~
I-'::' s
.;-:'--"'_--_
Tjipto Prastowo, Ph.D
NIP 19670203 1995021001

www.unesaacid | “Growing with character”
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D.4.2 Validation Test of Final Exam

KEMENTERIAN RISET, TEKNCLOGI DAN
PENDIDIKAN TINGGI

UNIVERSITAS NEGERI SURABAYA
FAKULTAS MATEMATIKA DAN ILMU

UNESA PENGETAHUAN ALAM

Kampus 9 | Nanagsment
Jalan Xetintang Gechung . Systam
Gk = A 150 J001.2016
Surabaya 00231 TOVRIeklary

E physcs@unesa.acid i (p—
fisika fripa unesa acid 10 Mtddeaare

VALIDATION SHEET FOR FINAL EXAM

Name of Course

Statistical Physics

CLO:

1. Demonstrating independent and honest
characters in doing Mid-Exam on
Statistical Physics.

2. Understanding theorstical concepts of
Statistical Physics in general, and
classical statistics distribution (Maxwell-
Boltzmann) and quantum statistics
distributions (Bose-Einstein and Fermi-
Dirac) comprehensively.

3. Being able to formulate procedural
problem solving associated with
applications of both classical and
quantum statistics distributions to some

phenomenological microscopic systems.

Sub-CLO:
K

Being able to understand basic principles of
Fermi-Dirac Statistics and its applications to
conduction electrons on metals.

Being able to understand basic principles of
Fermi-Dirac Statistics and its applications to
the specific heat of metals.

Being able to understand basic principles of
thermodynamics of gases based on classical
and quantum statistics, concepts of entropy for
open and closed systems.

Being able to understand basic principles of
thermodynamics of gases based on classical
and quantum statistics, concepts of entropy
and a change in entropy of a system, classical
gases, Gibbs paradox, semi-classical gases.
Being able to understand basic principles of
quantum model of diatomic gases, a combined
motion of molecular translation, rotation and
vibration, total partition function for diatomic
gases.

Being able to understand ensemble model for
description of microscopic systems, the role of
total partition function in formulation of
Helmholtz energy to derive the equation of
state and total energy of gases with or without
the presence of molecular interaction.

Prof. Tjipto Prastowo, Ph.D., Dr. ZA. Imam

41

Lecturer Supardi, M.Si., and Utama Alan Deta, M.Si.
% Give (V)on the column selected:
inmirsciion 1. Adequate 2. Good 3. Very
www.unesaacid | “Growing with character”



KEMENTERIAN RISET, TEKMOLOGI DAN Kampus Ketintang

saragement
PENDIDIKAN TINGGI Loion Letintang Gedung é; el
UNIVERSITAS NEGERI SURABAYA oL :
W O TOWRsnland
FAKULTAS MATEMATIKA DAN ILMU E physics@unesa.ac id ———
UHESA FEMSETANLIAN AL Fisika fripa unesa ac id 10 o R
Category
Mo Aspects
| 2 3
| Instruction for solving the problems ¥
2 Suitability of each question with CLO ¥
3 Level balance of casy, medium and difficult questions ¥
4 Sconng guidelines follow the points of the mark v
5 The duration of completing the questions follows the time available ¥
4] Allows multiple alternative correct answers No
7 Each question does not depend on other questions Yes
] The questions are commumnicative and do not have ambiguity ¥
5 Tables, pictures, graphics, maps, or the like are presented clearly and o
legibly (if any)
Comments/Suggestions:

Final-exam guestions are in line with CLO
for Statistical Physics Course listed.

Surabaya, 4 January 2020
‘alidator,

p ,

[ypafowm

ﬁ‘il;l-ﬂ Prastowo, Ph.D
NIP 196702031095021001

Response from Lecturer:
Surabaya, 5 January 2020
Lecturer, -
/”eﬁ . -
/'/ WA

Lieiina Alan Deta, M.Pd., M.Si
NIP 108003172015041002

www.unesaacld | “"Growing with character”
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D.5 CLASS ACADEMIC ACHIEVEMENT

PROGRAM STUD 51 Fisiky
DUAFTAR HILAI MAHASISWA
Mata Kulish : Fisika Statestik
Keles - 7015E

Tahum Ajsran : 2020/ X121 Gasal

KetErsngan :

1. Komgonen nilsl yang diisi hanya - Part, Tugas, UTS dan UAS

2. Hilsd UAS mahasiswa dengan kehadiran dibswah 73.3% (lolom dx wamas merah] tidak skan disimpan
3. langan merubah apapun di doksmen il keoull pada point omer satu d gt

4, PPT1/ BAAK tidak menerima file nilal untuk dlupiced. Prosss uplosd nikal dilskuksn olh dosen pengampu yang berssngkutan,

Mama Mahasiswa Angkatan Kehadiran Part Tusa: UTS UAS Ma  Huruf Paksi

118030224033 |50V RAHMAWAT] WIBDWO L A- 1
(18030228030 |SILVIE FUSFA ANGGRAINI 70 o4 B+ 1
3[12030228037  |ILMaA AULLE 2018 100% BA.3 7S 78] TaE] B+ 1
412030228038 |FUNNY QORAY AIN 2008 100% B7 i my 7| 8 1
312030228038 |MOCHAMMAD ANANG MUSTAGHFIRI 2018 100% K EEE] 713 111 B8 1
18030228040 |sAR1 DEWA 2008 100% 78.5 7 EE S 1
712030228041 |MURLIL LATHE FATUL CHAMIDAH 2018 100% B33 5 77| Tas| B+ 1
12030228042 |sAMIA HUR FAIZA 2008 100% B3] =43 BoEy| A& 1
518030224043 LULL WUR MALILIDE 2018 100% B3] 7R3 73] vEEy] B+ 1

qumzm AIENG DW1 ANTIEA 2018 1008 Bo| =73 # 72] B1oa| & 1
1118030224043 |ISNA RAHMAWATI 2018 100% aa.:l 7 T 73] Tra] B+ 1
12[18030228048  [MUSYARDEAH D'W1 NUR LAILY 2018 100% Baa| = o] 783] 7Em| B+ 1
13[1E030228047 | MUIR [KA W1 LESTARI 2018 100% Ba| =0 [H| 67| E01| A 1
14[18030224048 | TIA WUR AGUSTIN 2008 100% Bo| =39 =0 72573 @ 1
1318030224049 | DANIAR KARTIKA 2018 100% Ba] == go| 73] mias| a- 1
10]18030228030  |KHOIROTIN 2008 100% Bo] 8.3 B3 7s =135 & 1
17]18030228091  |MUHAMMAD ASYROFUL UIRAAM 2018 100% oe| 3.3 0] 1 w\1y 1
18]18030228092  |EKA NURUL HIDAYAH 2018 100% Ba| =l ool 533] B1w] A 1
13]18030224033 _ |FARAH KHALIDAH KHANSA 2018 1008 B7| 7B 73] 7] s Be 1
20{18030224034  |FANHARIS CHUZAINI 2008 100% B3] T3 0] g2] M| B 1
2112030228050 |IKA WAHYL KINNASIH 2008 100% T EE = R ETE 1
2218030224057 |RONFATU D4ANA ZAIN 2008 100% 0| =e.T B3] 7o.3] Basrs| a- 1
2312030224058 | CANDRA DININGSH 2018 100% T 73 B7|  =xa4] A 1
2418030224059 |ARSHA BAYLI RAHANTI 2008 100% ool = g5 e43] Boas| a- 1
2312030224000 |ANGELINA OKTA WIRONIKA 2018 100% Bo| =33 30 ] 7o B 1
2018030224001 | ANGGRAINI DWW OKTANIA 2008 100% e 73] 7L ToE| Be 1
27(18030224002 | FIRLY MALLICYA ANGGRATMI 2018 100% BL3 51 s0  B23] maas] B+ 1
28[18030224003 | YEKTI PURMAMA LITANI 2008 100% 74 =2 | EEIE 1
2918030224004 |ASEF MUGH] MUAMMAR 2018 100% TEEE x| e7| Taas| Be 1
30[18030224005 | WIN MATASHA KHARISMA 2008 100% 2 EEE] 13 7 01| @ 1
3118030224000 |SYAH NANTA MALLANA SHAK 2008 100% 73|  =n3 [ ol mo| 8 1
32[12030224087 | MUSLIMATUL FITRIA 2008 100% CE 85 7B me & 1
3315030224008 | OONITAH SALSABILLAH 2018 100% eaa] =73 g5 sos] =ma| & 1
3418030224009 |HIKMATUL MAULIDAH 2008 100% B3] =73 50 am| 8 1
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D.6 ASSESSMENT OF PLO-CLO AND CLASS PERFORMANCE

ASSESSMENT OF PROGRAM LEARNING OUTCOMES (PLO)

COURSE : Statistical Physics

CREDIT 2 3

STUDY PROGRAM : Undergraduate Programme of Physics
PERIOD : 2020/2021 (Odd Semester)

CLASS : 2018E

PARTICIPANTS 1 34

PROGRAM LEARNING OUTCOMES:
PLO 1. Able to demonstrate knowledge of Classical Physics and Modern Physics.

PLO 2. Able to formulate a physical systems as physical model by using mathematics.
PLO 6. Able to improve their knowledge and be able to continue their study in a higher education.

PLO 9. Able to work as an individual as well as a team effectively, have entrepreneurship skill and awareness of environmental issues.

COURSE LEARNING OUTCOMES:

1. Demonstrating independent, creative and honest characters in doing student assignments, mid and final exams.

2. Understanding theoretical concepts of Statistical Physics in general and Classical Statistics (Maxwell-Boltzmann distribution) and
Quantum Statistics (Bose-Einstein and Fermi-Dirac distributions) comprehensively.

3. Being able to formulate problem solving for procedural problems relevant to the applications of both Classical and Quantum
Statistics to some statistical phenomena found in microscopic systems.

CLO-PLO CORRELATION:

PLO1 PLO2 PLO3 PLO4 PLOS PLO6 PLO7 PLO8 PLO9 PLO10 PLO11
CLO1 v v 0 0 0 v 0 0 o 0 0
CLO2 e v 0 0 0 v 0 0 v 0 0
CLO3 v 4 0 0 0 v 0 0 v 0 0
ASSESSMENT PLAN:
PLO1 PLO2 PLO3 PLO4 PLOS PLO6 PLO7 PLO8 PLO9 PLO10 PLO11
Participation, | Participation, Participation, Participation,
Assignment, | Assignment, Assignment, Assignment,
eLos Mid Exam, | Mid Exam, g e 9 Mid Exam, 9 9 Mid Exam, 0 e
Final Exam | Final Exam Final Exam Final Exam
Participation, | Participation, Participation, Participation,
Assignment, | Assignment, Assignment, Assignment,
cLoz Mid Exam, | Mid Exam, g 9 9 Mid Exam, o 9 Mid Exam, o 9
Final Exam | Final Exam Final Exam Final Exam
Participation, | Participation, Participation, Participation,
Assignment, | Assignment, Assignment, Assignment,
CcLo3 Mid Exam, | Mid Exam, 9 a 9 Mid Exam, 2 9 Mid Exam, 9 L
Final Exam | Final Exam Final Exam Final Exam
STUDENTS' PERFORMANCE:
PLO1 PLO2 PLO3 PLO4 PLOS PLO6 PLO7 PLO8 PLO9 PLO10 PLO11
E I 29% 29% #DIV/0! #DIV/0! #DIV/0! 25% #DIV/0! #DIV/0! 29% #DIV/0! #DIV/0!
Good 67% 67% #DIV/0! #DIV/0! #DIV/0! 50% #DIV/0! #DIV/0! 67% #DIV/0! #DIV/0!
Satisfy 4% 4% #DIV/O! #DIV/0! #DIV/0! 25% #DIV/0! #DIV/0! 4% #DIV/0! #DIV/0!
Fail 0% 0% #DIV/0! #DIV/0! #DIV/O! 0% #DIV/0! #DIV/0! 0% #DIV/0! #DIV/0!

GRAPHICAL CLASS OR STUDENTS PERFORMANCE

30% 1 — —

20% 4+— - .
~ '
0%

PLO1 PLO2 PLO3 PLO4 PLOS PLO6 PLO7 PLO8 PLOS PLO10 PLO11

i Excellent wGood . Satisfy W Fail
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