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ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ  ̔ʪʝʭʥʦʣʦʛʽʡ. ʆʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ ʬʦʨʤʫʣʶʪ̒ʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ (ɼʈʏʇ), ʪʦ ʜʣʷ ʾʭ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʨʽʙʝʥ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ, ʢʨʽʤ ʽʥʰʦʛʦ, ʟʜʘʪʥʠʡ 

ʧʦʻʜʥʫʚʘʪʠ ʨʽʟʥ ̔ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ. ʊʘʢʝ ʦʙ'ʻʜʥʘʥʥʷ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

çʤʫʣʴʪʠʬʽʟʠʢʦʶè, ʱʦ ʦʟʥʘʯʘʻ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʤʦʜʝʣʝʡ. 

  COMSOL Multiphysics ʮʝ ʧʦʪʫʞʥʝ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʩʪʚʦʨʝʥʦ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ  ̔ ʟʜʘʪʥʝ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʥʘʫʢʦʚʠʭ ʽ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ ʟ ʙʘʛʘʪʴʦʭ ʩʬʝʨ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʇʨʠ 

ʨʦʟʚôʷʟʘʥʥ̔  ɼʈʏʇ ʚ ʩʠʩʪʝʤʽ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʄʉʢɽ). ʉʠʩʪʝʤʘ ʤʘʻ ʥʘʣʘʰʪʦʚʘʥʽ ʽʥʪʝʨʬʝʡʩʠ (ʧʨʠʢʣʘʜʥʽ ʨʝʞʠʤʠ) 

ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨ, ʪʘʢʠʭ ʷʢ ʤʝʭʘʥʽʢʘ, 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, ʛʽʜʨʦʜʠʥʘʤʽʢʘ, ʭʽʤʽʷ, ʘʢʫʩʪʠʢʘ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʜʠʬʫʟʽʷ, 

ʦʧʪʠʢʘ, ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʦʨʽʷ ʧʨʫʞʥʦʩʪʽ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ. COMSOL 

Multiphysics ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʫʚʘʪʠ ʥʝʩʭʦʞʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʦʜʝʣʽ ʨʽʟʥʠʭ 

ʨʦʟʤʽʨʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ ʜʦ ʤʦʜʝʣʝʡ ʚʣʘʩʥʽ ʨʽʚʥʷʥʥʷ. ɿ ʩʘʤʦʛʦ 

ʧʦʯʘʪʢʫ, ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʽ ʽʥʪʝʨʬʝʡʩʠ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʟʘʜʘʯʫ ʚ 

ʬʦʨʤʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʷʢʘ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʘʣʛʝʙʨʘʾʯʥʽ ʨʽʚʥʷʥʥʷ (ɸʈ), ʟʚʠʯʘʡʥʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ (ɿɼʈ) ʪʘ ɼʈʏʇ. ʄʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ COMSOL 

Multiphysics ʚʝʣʠʯʝʟʥʽ, ʽ ʚʠʢʣʘʩʪʠ ʾʭ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʥʝʨʝʘʣʴʥʦ. ʊʫʪ 

ʤʠ ʜʘʤʦ ʚʩʪʫʧ ʚ ʨʦʟʚôʷʟʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯ. ʇʨʠ ʮʴʦʤʫ ʤʠ ʥʘʤʘʛʘʪʠʤʝʤʦʩʷ 

ʧʦʟʥʘʡʦʤʠʪʠ ʚʘʩ ʟ ʩʠʩʪʝʤʦ ʁ ʥʘ ʧʨʦʩʪʠʭ ʘʣʝ ʥʝʪʨʠʚʽʘʣʴʥʠʭ ʧʨʠʢʣʘʜʘʭ,. ʎʝ 

ʧʦʣʝʛʰʠʪʴ ʟʥʘʡʦʤʩʪʚʦ ʟ ʧʨʦʛʨʘʤʦʶ.  

  ʏʠʪʘʪʠ ʧʦʩʽʙʥʠʢ ʤʠ ʨʘʜʠʤʦ ʧʦʩʣʽʜʦʚʥʦ. ɻʦʣʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ 

ʚʠʢʣʘʜʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ. ʇʨʘʢʪʠʯʥʦ ʚ ʢʦʞʥʦʤʫ ʧʨʠʢʣʘʜʽ 

ʨʦʟʛʣʷʜʘʪʁʴʩʷ ʥʦʚ̔ ʝʣʝʤʝʥʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʦʧʮʽ,ʾ ʧʘʨʘʤʝʪʨʠ, ʢʦʤʘʥʜʠ ʽ ʪ..̔). 

ʇʨʠ ʮʴʦʤʫ ʥʦʚʽ ʝʪʘʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʣʘʜʘʶʪʴʩʷ ʜʦʢʣʘʜʥʦ, ʘʣʝ ʾʭ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯʘʭ ʦʧʠʩʫʻʪʴʩʷ ʩʪʠʩʣʦ. ʅʝ ʨʦʟʽʙʨʘʚʰʠ ʧʦʧʝʨʝʜʥʽ 

ʧʨʠʢʣʘʜʠ, ʚʠ, ʤʦʞʣʠʚʦ, ʜʝʷʢʽ ʟ ʝʪʘʧʽʚ ʟʛʦʜʦʤ ʥʝ ʟʤʦʞʝʪʝ ʚʽʜʪʚʦʨʠʪʠ. 

  ʗʢʱʦ ʚʠ ʱʝ ʥʝ ʚʠʨʽʰʠʣʠ, ʯʠ ʧʦʪʨʽʙʥʦ ʚʘʤ ʟʥʘʡʦʤʠʪʠʩʷ ʟ COMSOL 

Multiphysics, ʪʦ ʧʦʜʠʚʽʪʴʩʷ ʧʨʠʢʣʘʜʠ ʚ ʥʘʩʪʫʧʥʠʭ ʛʣʘʚʘʭ ʧʦʩʽʙʥʠʢʘ. ɯʣʶʩʪʨʘʮʽ ʾ

ʜʦ ʾʭ ʨʦʟʚôʷʟʢʽʚ ʥʘʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʦʩʪ ̔ʩʠʩʪʝʤʠ. 

 

1.  ʇʦʯʘʪʦʢ ʨʦʙʦʪʠ ʚ COMSOL Multiphysics. 

1.1. ɺʩʪʫʧ. 

ɺ ʜʘʥʦʤʫ ʧʦʩʽʙʥʠʢʫ ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʷ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ COMSOL 

Multiphysics ʚʝʨʩʽʾ 5.1, ʷʢʘ ʚʠʡʰʣʘ ʚ 2015 ʨʦʮʽ. ɼʦ 2005 ʨʦʢʫ ʚʦʥʘ ʥʘʟʠʚʘʣʘʩʷ 

FEMLAB (Finite Element Method Laboratory). ɯʩʪʦʨʽʷ ʧʨʦʛʨʘʤʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʧʘʢʝʪʫ-ʜʦʜʘʪʢʫ PDE Toolbox MatLab, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʽ ʷʢʠʡ ʜʦʩʽ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ  

ʦʩʥʦʚʥʦʾ  ʧʦʩʪʘʚʢʠ MatLab. ɼʨʫʛʘ ʚʝʨʩʽʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʝʨʰʘ, ʥʝ ʤʦʛʣʘ 

ʧʨʘʮʶʚʘʪʠ ʙʝʟ MatLab, ʘʣʝ ʚʞʝ ʧʦʩʪʘʯʘʣʘʩʷ ʷʢ ʩʘʤʦʩʪʽʡʥʠʡ ʧʨʦʜʫʢʪ. 

ʇʦʯʠʥʘʶʯʠ ʟ ʪʨʝʪʴʦʾ ʚʝʨʩʽʾ, FEMLAB ʤʽʛ ʧʨʘʮʶʚʘʪʠ ʷʢ ʦʢʨʝʤʘ ʧʨʦʛʨʘʤʘ ʘʙʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʧʘʢʝʪ ʜʦʜʘʪʦʢ. ɻʦʣʦʚʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʽ 4-ʾ ʪʘ 5-ʾ ʚʝʨʩʽʡ 

ʻ ʨʦʙʦʪʘ ʟ ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʣʝ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʟ MatLab ʟʙʝʨʝʛʣʘʩ.̫ ʇʨʠ ʮʴʦʤʫ ʩʠʥʪʘʢʩʠʩ ʟʘʧʠʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʽʚ 

ʫʩʧʘʜʢʦʚʘʥʠʡ ʚʽʜ ʧʝʨʰʦʾ ʚʝʨʩʽʾ ʽ ʜʫʞʝ ʙʣʠʟʴʢʠʡ ʜʦ ʩʠʥʪʘʢʩʠʩʫ MatLab. 

  ʇʝʨʰʘ ʚʝʨʩʽʷ ʧʨʦʛʨʘʤʠ (PDE Toolbox MatLab) ʤʦʛʣʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʠʩʪʝʤʠ 

ɼʈʏʇ ʚʽʜʥʦʩʥʦ ʬʫʥʢʮʽʡ ʜʚʦʭ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ ʪʘ ʟʤʽʥʥʦʾ ʯʘʩʫ. ʅʘʩʪʫʧʥʽ 

ʚʝʨʩʽʾ ʤʦʛʣʠ ʚʞʝ ʨʦʟʚôʷʟʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʟʘʜʘʯʽ. ʇʘʢʝʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉʢɽ). ɺ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʽʥ ʥʘʟʠʚʘʻʪʴʩʷ Finite 

Element Method (FEM). ɺ ʮʴʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʘʣʝʥʴʢʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʢʽʥʯʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʇʦʪʽʤ ʙʫʜʫʶʪʴʩʷ ʬʽʥʽʪʥʽ ʬʫʥʢʮʽʾ ʟ ʥʦʩʽʷʤʠ, ʦʙʤʝʞʝʥʠʤʠ ʢʽʣʴʢʦʤʘ ʪʘʢʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ʎʽ ʬʫʥʢʮʽʾ ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ ʚ ʧʨʦʩʪʦʨʽ ʢʫʩʢʦʚʠʭ ʬʫʥʢʮʽʡ ʥʘ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽʡ ʩʽʪʮʽ. ʐʫʢʘʥʽ ʚʝʣʠʯʠʥʠ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʣʽʥʽʡʥʦʶ 

ʢʦʤʙʽʥʘʮʽʻʶ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ  ̔ ʢʨʘʡʦʚʘ (ʛʨʘʥʠʯʥʘ) ʟʘʜʘʯʘ ʟʘʤʽʥʶʻʪʴʩʷ 

ʟʘʜʘʯʝʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʘʥʥʷ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʬʫʥʢʮʽʡ ʧʦ 

ʙʘʟʠʩʥʠʤ. 

  ʅʘ ʩʘʡʪʽ ʨʦʟʨʦʙʥʠʢʽʚ www.comsol.com/models ʨʦʟʤʽʱʝʥʘ ʛʘʣʝʨʝʷ ʤʦʜʝʣʝʡ, 

ʜʝ ʤʦʞʥʘ ʜʦʢʣʘʜʥʦ ʧʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʨʦʛʨʘʤʠ. 

  COMSOL Multiphysics ʚʤʽʻ ʨʦʟʚôʷʟʫʚʘʪʠ ʦʜʥʦʚʠʤʽʨʥʽ (1D), 

ʜʚʦʚʠʤʽʨʥʽ (2D) ʽ ʪʨʠʚʠʤʽʨʥʽ (3D) ʟʘʜʘʯʽ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʩʪʘʮʽʦʥʘʨʥʠʤʠ (ʰʫʢʘʥʽ ʚʝʣʠʯʠʥʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ), ʘʙʦ ʜʠʥʘʤʽʯʥʠʤʠ (ʻ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ). ɯʥʢʦʣʠ ʜʦʚʦʜʠʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʥʫʣʴʚʠʤʽʨʥʽ (0D) ʟʘʜʘʯʽ, 

ʪʦʙʪʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ ʥʝʟʘʣʝʞʥʽ ʨʽʚʥʷʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʜʘʯʘ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʚ ʪʦʯʢʘʭ. ʏʠʤ ʚʠʱʝ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ, 

ʪʠʤ ʩʢʣʘʜʥʽʰʝ ʽ ʪʨʠʚʘʣʽʰʝ ʨʦʟʚôʷʟʘʥʥʷ. ʋ ʚʽʩʝʩʠʤʝʪʨʠʯʥʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ ʤʦʞʥʘ ʧʦʥʠʟʠʪʠ ʥʘ ʦʜʠʥʠʮʶ. ɼʣʷ ʮʴʦʛʦ ʩʠʩʪʝʤʘ ʚʠʜʽʣʷʻ 

ʚʠʧʘʜʢʠ ʦʜʥʦʚʠʤʽʨʥʠʭ ʽ ʜʚʦʚʠʤʽʨʥʠʭ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯ (1D  ʽ  2D 

Axisymmetric). ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʦʙʠʨʘʪʠ ʦʜʠʥ ʟ ʰʝʩʪʠ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ 

ʨʦʟʤʽʨʥʦʩʪʽ ʘʙʦ ʾʭ ʧʦʻʜʥʘʥʥʷ.  

  ɼʫʞʝ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʧʨʦʛʨʘʤʠ ʻ ʧʨʠʢʣʘʜʥʽ ʨʝʞʠʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ 

ʟʘʢʽʥʯʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ  ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʬʝʨ ʬʽʟʠʢʠ ʽ ʪʝʭʥʽʢʠ. 

ɽʣʝʢʪʨʦʥʥʘ ʚʝʨʩʽʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʧʦ ʮʠʤ ʨʝʞʠʤʘʤ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʘʟʦʤ ʟ 

COMSOL ʚ ʜʚʦʭ ʬʦʨʤʘʪʘʭ ï PDF ʪʘ HTML. ɿʦʢʨʝʤʘ ʫ ʚʩʪʘʥʦʚʣʶʚʘʣʴʥʽʡ ʧʘʧʮʽ 

ʩʠʩʪʝʤʠ ʚ ʢʘʪʘʣʦʟʽ .. \ doc \ pdf \  ʤʽʩʪʷʪʴʩʷ ʬʘʡʣʠ ʟ ʜʦʢʫʤʝʥʪʘʮʽʻʶ, ʷʢʘ ʚʢʣʶʯʘ ̒

ʦʧʠʩ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ, ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

  ɻʦʣʦʚʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʻ ʨʦʙʦʪʘ ʟ ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ 

ʢʦʨʠʩʪʫʚʘʯʘ  (ʨʝʞʠʤ COMSOL Desktop). ɸʣʝ ʽʩʥʫʶʪʴ ʽ ʽʥʰʽ ʨʝʞʠʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʘ ʚ ʢʦʤʘʥʜʥʦʤʫ ʚʽʢʥʽ (ʨʝʞʠʤ COMSOL Batch) ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ɺ ʮʴʦʤʫ ʨʝʞʠʤʽ ʟʘʦʱʘʜʞʫʻʪʴʩʷ ʧʘʤôʷʪʴ 

ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʦʥʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. ɯʩʥʫʻ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʟ ʜʦʩʪʫʧʦʤ ʜʦ COMSOL Multiphysics ʟ  MatLab ʘʙʦ, ʥʘʚʧʘʢʠ, ʟ 

ʜʦʩʪʫʧʦʤ ʟ COMSOL Multiphysics ʜʦ MatLab. ʇʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʩʪʝʤʠ, 

ʷʢʱʦ ʜʦ ʮʴʦʛʦ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ MatLab, ʫ ʚʘʩ ʥʘ ʨʦʙʦʯʦʤʫ ʩʪʦʣʽ ʟôʷʚʠʪʴʩʷ ʜʚʘ 

ʷʨʣʠʢʘ. ʇʝʨʰʠʡ çCOMSOL Multiphysics 5.1è ʟʘʧʫʩʢʘʻ ʩʠʩʪʝʤʫ ʟ ʛʨʘʬʽʯʥʠʤ 
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ʽʥʪʝʨʬʝʡʩʦʤ ʢʦʨʠʩʪʫʚʘʯʘ. ɼʨʫʛʠʡ ʷʨʣʠʢ, ʟ ʥʘʟʚʦʶ  çCOMSOL 5.1 with 

MATLABè, ʟʘʧʫʩʢʘʻ MatLab ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʦʩʪʫʧʫ ʜʦ ʤʦʜʝʣʝʡ  COMSOL. 

ʇʨʦʛʨʘʤʘ ʤʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʉɸʇʈ, ʪʘʢʠʤʠ ʷʢ Pro/ENGINEER (Creo Parametric), SOLIDWORKS, Autodesk 

Inventor, Autodesk Revit, Solid Edge. ɯʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʤʦʜʝʣʷʤʠ 

COMSOL ʟ Excel.   

  ɺ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ COMSOL API. ɺ ʧôʷʪʽʡ ʚʝʨʩʽʾ  ʧʨʦʛʨʘʤʠ ʟôʷʚʠʣʦʩʷ ʱʝ 

ʦʜʥʝ ʥʦʚʦʚʚʝʜʝʥʥʷ ï ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ (Application Builder), ʷʢʝ 

ʜʦʟʚʦʣʷʻ ʢʦʥʚʝʨʪʫʚʘʪʠ ʽʩʥʫʶʯʫ ʤʦʜʝʣʴ COMSOL ʚ ʧʨʠʜʘʪʦʢ. 

  ɼʣʷ ʙʘʛʘʪʦʷʜʝʨʥʠʭ ʪʘ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ ʧʨʦʮʝʩʦʨʠ ʽ ʚʩʽ ʷʜʨʘ. 

 

1.2. ʆʧʠʩ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. 

ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ ʚʠ ʧʦʙʘʯʠʪʝ ʥʘʩʪʫʧʥʝ ʚʽʢʥʦ (ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ 

ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʤʽʥʷʚ ʥʘʣʘʰʪʫʚʘʥ ɹʩʠʩʪʝʤʠ ʧʽʩʣʷ ʽʥʩʪʘʣʷʮʽʾ). 

 

ʇʘʥʝʣʴ ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ ʤʽʩʪʠʪʴ ʢʥʦʧʢʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʩʦʙʣʠʚʦ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʢʦʤʘʥʜʠ, ʪʘʢʽ ʷʢ Save, Open, Undo, Copy, Paste ʪʘ ʽʥ. 

ʂʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʥʘʣʘʛʦʜʞʫʚʘʪʠ ʮʶ ʧʘʥʝʣʴ. 

ʉʪʨʽʯʢʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʘʥʝʣʝʡ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʛʦʨʽ, ʤʽʩʪʠʪʴ 

ʟʘʢʣʘʜʢʠ ʟ ʢʥʦʧʢʘʤʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʙʽʣʴʰʽʩʪʴ ʢʦʤʘʥʜ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʇʘʥʝʣʴ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʦʜʝʣʝʡ ( Model  Builder )  ʥʘʜʘʻ ʛʨʘʬʽʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʝʨʝʚʘ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʢʝʨʫʶʪʴ 

ʚʩʽʤ ʧʨʦʮʝʩʦʤ ʧʦʩʪʘʥʦʚʢʠ ʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. ʂʦʞʥʠʡ ʘʩʧʝʢʪ ʟʘʜʘʯʽ 

ʨʝʧʨʝʟʝʥʪʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʽʣʦʢ ʪʘ ʚʫʟʣʽʚ ʮʴʦʛʦ ʜʝʨʝʚʘ. ʏʝʨʝʟ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʬʦʨʤʫ ʦʙôʻʢʪʽʚ, ʨʽʚʥʷʥʥʷ, ʛʨʘʥʠʯʥʽ ʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ, ʙʫʜʫʚʘʪʠ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ, ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʦʣʚʝʨʘ (ʤʝʪʦʜʘ ʨʦʟʚ'ʷʟʘʥʥʷ), 

ʚʽʜʦʙʨʘʞʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʥʥʷ  ʚ ʪʝʢʩʪʦʚʦʤʫ ʘʙʦ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɻʽʣʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʚʽʜʛʘʣʫʞʝʥʥʷ ʪʘ ʚʫʟʣʠ, ʷʢʽ ʫʪʦʯʥʶʶʪʴ  ʘʙʦ ʨʦʟʰʠʨʶʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʙʘʪʴʢʽʚʩʴʢʠʭ ʚʫʟʣʽʚ. ʂʣʘʮʘʥʥʷ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʝʣʝʤʝʥʪʫ 

ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʚʽʜʢʨʠʚʘʻ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ, ʢʦʤʘʥʜʠ ʷʢʦʛʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʜʘʪʠ 

ʥʦʚʠʡ ʚʫʟʦʣ, ʚʠʜʘʣʠʪʠ ʧʦʪʦʯʥʠʡ, ʟʤʽʥʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ 

ʚʫʟʣʦʤ, ʽ ʪ.ʜ. ɺʠʜʽʣʝʥʥʷ ʚʫʟʣʘ ʚ ʜʝʨʝʚʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʽʜʢʨʠʪʪʷ ʧʘʥʝʣʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ/ʥʘʣʘʰʪʫʚʘʥʴ (Settings ),  ʟʚôʷʟʘʥʦ ʾʟ ʧʦʪʦʯʥʠʤ ʚʫʟʣʦʤ, ʽ ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʚʦʜʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʦʜʝʣʽ. ʄʠ ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʾʾ ʧʘʥʝʣʣʶ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʇɺ) ʘʙʦ ʚʽʢʥʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ (ɺɺ). ɺʚʝʜʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ ʜʝʨʝʚʘ ʚ ʪʝʨʤʽʥʦʣʦʛʽʾ ʨʦʟʨʦʙʥʠʢʽʚ 

COMSOL Multiphysics ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʘʜʘʯʽ. 

  ɺ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʩʪʚʦʨʶʶʪʴʩʷ ʢʨʝʩʣʝʥʥʷ ʦʙʣʘʩʪʝʡ/ʪʽʣ ʽ ʙʫʜʫʶʪʴʩʷ 

ʛʨʘʬʽʢʠ. 

  ɺ ̔ʥʬʦʨʤʘʮʽʡʥʦʤʫ ʚʽʢʥʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ 

ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʧʦʚʽʜʦʤʣʝʥʥʷ , ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚôʟ̫ʘʥʥʷ. 

  ʈʦʙʦʪʘ ʚ ʧʘʢʝʪʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟʽ ʩʪʚʦʨʝʥʥʷ ʰʘʙʣʦʥʫ ʤʦʜʝʣʽ ʟʘʜʘʯʽ. ʇʦʪʨʽʙʥʦ 

ʚʠʙʨʘʪʠ ʧʫʥʢʪ ʤʝʥʶ File- >New  ʽ ʫ ʚʽʜʯʠʥʝʥʦʤʫ ʚʽʢʥʽ ʚʠʙʨʘʪʠ ʦʜʥʫ ʟ ʜʚʦʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ï ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʡʩʪʨʘ (Model  Wizard )  ʘʙʦ 

ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ (Blank  Model ). 

 

ʆʙʠʜʚʽ ʢʥʦʧʢʠ   ʽ  ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʘʣʝ 

ʧʝʨʰʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʜʽʡʩʥʝʥʥʷ ʢʨʦʢʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʝʚʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʅʘʪʠʩʥʝʤʦ ʢʥʦʧʢʫ Model  Wizard . ɺʽʜʯʠʥʷʻʪʴʩʷ ʚʽʢʥʦ, ʚ ʷʢʦʤʫ ʦʙʠʨʘʻʪʴʩʷ 

ʧʨʦʩʪʦʨʦʚʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ.
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ɿ ʥʘʧʠʩʽʚ ʥʘ ʢʥʦʧʢʘʭ ʟʨʦʟʫʤʽʣʦ, ʷʢʘ ʤʦʜʝʣʴ ʙʫʜʝ ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ. ɺʘʨʽʘʥʪ 0D 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʥʝʟʘʣʝʞʥʦʾ ʤʦʜʝʣʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʘʪʠʩʷ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʚ ʪʦʯʢʘʭ. ɯʥʰʽ ʚʘʨʽʘʥʪʠ ʚʢʘʟʫʶʪʴ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ ʰʫʢʘʥʽ ʚʝʣʠʯʠʥʠ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ (ʚʝʣʠʯʠʥʠ) ʤʦʞʫʪʴ ʥʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ 

(ʩʪʘʮʽʦʥʘʨʥʘ ʤʦʜʝʣʴ) ʘʙʦ ʙʫʪʠ ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ (ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ). ʆʙʨʘʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʘʙʦ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ 

ʨʦʙʦʪʠ ʤʘʡʩʪʨʘ ʤʦʜʝʣʝʡ. 

  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠ ʙʘʞʘʻʤʦ ʨʦʟʚôʷʟʘʪʠ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʟ ʛʨʘʥʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ɼʨ̔̔ʭʣʻ 

( )2216 yxu +Ö=D ,   1=
Wµ

u ,            (1) 

ʜʝ ʦʙʣʘʩʪʴ W ʟʦʙʨʘʞʘʻ ʢʦʣʦ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ʟ ʮʝʥʪʨʦʤ ʚ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 

ɺʠʙʽʨ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʾʾ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʚʽʜʦʤʠʡ  

( )222 yxu += , ʽ ʤʠ ʟʤʦʞʝʤʦ ʧʦʨʽʚʥʷʪʠ ʡʦʛʦ ʟ ʨʦʟʚôʷʟʢʦʤ, ʦʪʨʠʤʘʥʠʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ COMSOL Multiphysics.  

  ʋ ʚʽʢʥʽ Select  Space Dimension  ʦʙʠʨʘʻʤʦ ʚʘʨʽʘʥʪ 2D. ɼʣʷ ʮʴʦʛʦ 

ʥʘʪʠʩʢʘʻʤʦ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʢʥʦʧʢʫ. ɺʽʜʯʠʥʷʻʪʴʩʷ ʚʽʢʥʦ ʚʠʙʦʨʫ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ 

(Select  Physics ).   
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ɺʦʥʦ ʤʽʩʪʠʪʴ ʩʧʠʩʦʢ ʚʠʟʥʘʯʝʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ (ʧʨʠʢʣʘʜʥʠʭ ʨʝʞʠʤʽʚ). 

ʈʦʟʢʨʠʚʘʻʤʦ ʛʽʣʢʫ Mathematics  ʧʽʜʛʽʣʢʫ Classical  PDEs ʪʘ ʦʙʠʨʘʻʤʦ  

Poisson ' s Equation ( poeq) . ʅʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ Add. ɺ ʧʦʣʝ Added physics 
interfaces , ʷʢʝ ʨʦʟʪʘʰʦʚʘʥʦ ʥʠʞʯʝ, ʜʦʜʘʻʪʴʩʷ ʥʘʟʚʘ ʨʝʞʠʤʫ. ʇʨʘʚʦʨʫʯ ʚ ʧʘʥʝʣʽ 

Review  Physics  Interface   ʚ ʧʦʣʽ Dependent  Variable  ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʽʤôʷ 

ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ. ɿʘʣʠʰʠʤʦ ʣʽʪʝʨʫ u. ʅʠʞʯʝ ʚ ʨʦʟʜʽʣʽ Units  ʚ ʧʦʣʽ Dependent  
variable  quantity  ʦʙʠʨʘʻʤʦ Dimensionless  (ʙʝʟʨʦʟʤʽʨʥʠʡ), ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ u 

ʙʫʜʝ ʙʝʟʨʦʟʤʽʨʥʘ. ʅʘʪʠʩʢʘʻʤʦ ʚʥʠʟʫ ʢʥʦʧʢʫ . ɺʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ 

Select Study . ɺʠʙʠʨʘʻʤʦ ʚʘʨʽʘʥʪ Stationary , ʷʢʠʡ ʦʟʥʘʯʘʻ, ʱʦ ʰʫʢʘʥʽ 

ʬʫʥʢʮʽʾ ʤʦʜʝʣʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ (ʚ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʯʘʩ ʥʝ ʚʭʦʜʠʪʴ). 

 
ɿʘʚʝʨʰʫʻʤʦ ʚʩʝ ʥʘʪʠʩʢʘʥʥʷʤ ʥʘ ʢʥʦʧʢʫ , ʨʦʟʪʘʰʦʚʘʥʫ ʚʥʠʟʫ ʧʘʥʝʣʽ 

Select Study . ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʶʻʪʴʩʷ ʚʽʢʥʦ ʟʘʜʘʯʽ ʟ ʧʘʥʝʣʣʶ Model 

Builder  ʚ ʡʦʛʦ ʣʽʚʽʡ ʯʘʩʪʠʥʽ. ʇʘʥʝʣʴ ʤʽʩʪʠʪʴ ʜʝʨʝʚʦ, ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʢʝʨʫʶʪʴ 

ʧʨʦʮʝʩʦʤ ʧʦʩʪʘʥʦʚʢʠ ʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. ʄʠ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʡʦʛʦ ʜʝʨʝʚʦʤ 

ʤʦʜʝʣʽ, ʘ ʚʚʝʜʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ ʜʝʨʝʚʘ ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʘʜʘʯʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʚʫʟʣʽʚ ʮʴʦʛʦ ʜʝʨʝʚʘ ʽ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ, ʚ ʜʦʜʘʚʘʥʥʽ ʥʦʚʠʭ ʚʫʟʣʽʚ. 

ʇʨʠʢʣʘʜ 1. ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʟʘʜʘʯʽ (1).  

  ɺʚʝʜʝʥʥʷ ʫʤʦʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʯʦʪʠʨʠ ʝʪʘʧʠ: 

1. ɿʘʜʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʦʙʣʘʩʪʽ ɋ. 

2. ʇʦʙʫʜʦʚʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ. 

3. ɿʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʥʷ. 

4. ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʗʢʱʦ ʚ ʧʘʥʝʣʽ Select Physics  ʙʫʜʝ ʦʙʨʘʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʥʝ ʟ ʛʽʣʢʠ 

Mathematics , ʪʦ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʽʥʰʽ ʝʪʘʧʠ, ʥʘʧʨʠʢʣʘʜ, ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

1. ʉʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʦʙʣʘʩʪʽ ɋ. ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʚʠʜʽʣʽʪʴ ʚʫʟʦʣ 

Geometry 1. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʨʝʩʣʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ. ʇʽʩʣʷ 

ʚʠʜʽʣʝʥʥʷ ʮʴʦʛʦ ʚʫʟʣʘ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ ʟʤʽʥʠʪʴʩʷ ʽ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ, ʷʢʠʡ 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʜʣʷ ʢʨʝʩʣʝʥʥʷ ʧʣʦʩʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ. ʅʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ 

ʧʝʨʝʡʜʽʪʴ ʜʦ ʟʘʢʣʘʜʢʠ Geometry . ɺʦʥʘ ʤʽʩʪʠʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʢʨʝʩʣʝʥʥʷ. 
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ʂʣʘʮʥʽʪʴ ʥʘ ʥʽʡ ʦʜʠʥ ʨʘʟ ʤʠʰʝʶ ʧʦ ʢʥʦʧʮʽ  Circle, ʥʘʚʝʜʽʪʴ ʢʫʨʩʦʨ ʤʠʰʽ ʚ 

ʟʦʥʫ ʢʨʝʩʣʝʥʥʷ, ʥʘʪʠʩʥʽʪʴ ʣʽʚʫ ʢʥʦʧʢʫ, ʧʦʩʫʥʴʪʝ ʤʠʰʫ ʽ ʚʽʜʧʫʩʪʽʪʴ ʢʥʦʧʢʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʝ ʥʘʤʘʣʴʦʚʘʥʦ ʢʦʣʦ (ʧʦ ʮʝʥʪʨʫ ʽ ʨʘʜʽʫʩʫ). ɺʘʤ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ 

ʢʨʝʩʣʠʪʠ ʢʦʣʦ ʪʦʯʥʦ ʪʘʢʦʛʦ ʨʦʟʤʽʨʫ ʽ ʧʦʣʦʞʝʥʥʷ, ʷʢ ʪʨʝʙʘ. ʇʘʨʘʤʝʪʨʠ ʢʦʣʘ 

ʤʦʞʥʘ ʩʢʦʨʝʛʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʚ ʛʽʣʮʽ Geometry 1 

ʟ'ʷʚʠʪʴʩʷ ʜʦʯʽʨʥʽʡ ʚʫʟʦʣ Circle 1. ʇʦʢʠ ʚʽʥ ʘʢʪʠʚʥʠʡ (ʚʠʜʽʣʝʥʠʡ) ʧʨʘʚʦʨʫʯ ʚʽʜ 

ʥʴʦʛʦ ʙʫʜʝ ʚʽʜʢʨʠʪʘ ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʴʦʛʦ ʚʫʟʣʘ (ʥʘʛʘʜʘʻʤʦ, ʱʦ ʮʶ ʧʘʥʝʣʴ 

ʤʠ ʢʦʨʦʪʢʦ ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ  ʇɺ). ɺ ʥʽʡ ʚ ʨʦʟʜʽʣʽ Position  ʚʠ ʤʦʞʝʪʝ 

ʟʤʽʥʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ x, y, ʘ ʚ ʨʦʟʜʽʣʽ Size and Shape  ʤʦʞʝʪʝ 

ʩʢʦʨʝʛʫʚʘʪʠ ʨʘʜʽʫʩ. ɿʤʽʥʽʪʴ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʫ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ 

ʨʽʚʥʽ ,0,0 == yx  ʘ ʨʘʜʽʫʩ ʜʦʨʽʚʥʶʚʘʚ 1. ɺʛʦʨʽ ʧʘʥʝʣʽ Setting Circle  

ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ . ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ, 

ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʚʽʢʥʘ ʧʣʘʚʘʶʯʽ, ʪʦ ʫ ʚʘʰʽʡ 

ʩʠʩʪʝʤʽ ʾʭ ʧʦʣʦʞʝʥʥʷ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʥʘʰʦʛʦ. 

 

2. ʇʦʙʫʜʦʚʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ. ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʻ ʚʫʟʦʣ Mesh 1. 

ɺʠʜʽʣʽʪʴ ʡʦʛʦ ʽ ʥʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ ʧʝʨʝʡʜʽʪʴ ʥʘ ʟʘʢʣʘʜʢʫ Mesh. ʂʣʘʮʥʽʪʴ ʤʠʰʝʶ 

ʧʦ ʢʥʦʧʮʽ  Build Mesh. ɹʫʜʝ ʚʠʢʦʥʘʥʘ ʪʨʽʘʥʛʫʣʷʮʽʷ ʦʙʣʘʩʪʽ  ̔ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ 

ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ 
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ɿʘʢʣʘʜʢʘ Mesh ʤʽʩʪʠʪʴ ʢʦʤʘʥʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʚ ʩʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ. ɿʦʢʨʝʤʘ, ʢʥʦʧʢʘ ʮʽʻʾ ʧʘʥʝʣʽ  ʤʽʩʪʠʪʴ ʚʠʧʘʜʥʠʡ ʩʧʠʩʦʢ 

ʢʦʤʘʥʜ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ ʩʽʪʢʫ. ʋ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʤʦʞʥʘ 

ʧʦʛʦʜʠʪʠʩʷ ʟ ʨʦʟʙʠʪʪʷʤ ʦʙʣʘʩʪʽ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, ʽ ʩʽʪʢʫ ʥʝ ʟʤʽʥʶʚʘʪʠ. 

3. ɿʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʥʷ. ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʚʠʜʽʣʽʪʴ ʚʫʟʦʣ Poisson's 

Equathion 1. ʇʨʘʚʦʨʫʯ ʚʽʜʢʨʠʻʪʴʩʷ ʧʘʥʝʣʴ Setting Poisson's Equathion . ɺ 

ʨʦʟʜʽʣʽ Equation  ʮʽʻʾ ʧʘʥʝʣʽ ʥʘʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʚʦʥʦ ʤʘʻ ʚʠʛʣʷʜ ( ) fuc =Ð-ÖÐ , ʜʝ ù
ú

ø
é
ê

è

µ

µ

µ

µ
=Ð

yx
, ï ʦʧʝʨʘʪʦʨ ʛʨʘʜʽʻʥʪʘ, ʘ ʪʦʯʢʘ 

ʧʦʟʥʘʯʘʻ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʦʧʝʨʘʪʦʨʽʚ. ɺ ʢʦʦʨʜʠʥʘʪʥʽʡ ʬʦʨʤʽ ʨʽʚʥʷʥʥʷ ʤʘʻ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

f
y

u
c

yx

u
c

x
=öö
÷

õ
ææ
ç

å

µ

µ

µ

µ
-öö
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õ
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å
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µ
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ʅʠʞʯʝ ʚ ʨʦʟʜʽʣʽ Diffusion Coefficient  ʟʘʣʠʰʪʝ 1 ʚ ʷʢʦʩʪʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʩ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʘ ʚ ʨʦʟʜʣ̔̔ Source Term  ʚʚʝʜʽʪʴ ʚʠʨʘʟ ʜʣʷ f  ï 

ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ. ʉʠʥʪʘʢʩʠʩ ʟʘʧʠʩʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʽʚ ʙʣʠʟʴʢʠʡ ʜʦ 

ʩʠʥʪʘʢʩʠʩʫ MatLab. ɺʠʨʘʟ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚʠʛʣʷʜ ( )2^2^*16 yx +-  (ʟ ʤʽʥʫʩʦʤ, 

ʦʩʢʽʣʴʢʠ ʤʽʥʫʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥ)̫. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ 

ʢʦʣʽʨ ʬʦʨʤʫʣʠ ʩʪʘʚ ʧʦʤʘʨʘʥʯʝʚʠʤ. ʎʝ ʻ ʧʦʧʝʨʝʜʞʝʥʥʷʤ, ʱʦ ʤʦʞʣʠʚʦ ʥʝ ʚʩʽ 

ʜʘʥʽ ʚʚʝʜʝʥʽ ʢʦʨʝʢʪʥʦ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ 

ʬʽʟʠʯʥʠʭ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ. ʑʦʙ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʩʣʽʜ ʧʽʜʚʝʩʪʠ 

ʢʫʨʩʦʨ ʤʠʰʽ ʜʦ ʬʦʨʤʫʣʠ. ʉʧʣʠʚʝ ʧʦʷʩʥʶʶʯʘ ʧʽʜʢʘʟʢʘ. 

 
ɿʘʨʘʟ ʥʘʩ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ ʥʝ ʮʽʢʘʚʣʷʪʴ, ʪʦʤʫ ʧʨʦʽʛʥʦʨʫʡʤʦ ʧʦʧʝʨʝʜʞʝʥʥʷ. ʗʢʙʠ 

ʚʠ ʚʚʝʣʠ ʬʦʨʤʫʣʫ ʥʝʚʽʨʥʦ, ʪʦ ʢʦʣʽʨ ʩʪʘʚ ʙʠ ʯʝʨʚʦʥʠʤ (ʦʟʥʘʢʘ ʧʦʤʠʣʢʠ). ʊʦʜʽ 

ʦʙʦʚ'ʷʟʢʦʚʦ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʩʧʣʠʚʘʶʯʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʚʠʧʨʘʚʠʪʠ 

ʧʦʤʠʣʢʫ. 

ɿʘʫʚʘʞʝʥʥʷ. ɼʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʨʦʣʶ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʝʙʘ ʫ ʚʫʟʣʽ 

Component 1 ʚ ʩʧʠʩʢʫ Unit system  ʚʠʙʨʘʪʠ None. 

4. ɿʘʜʘʥʥʷ ʛʨʘʥʠʯʥʦʾ ʫʤʦʚʠ. ʂʣʘʮʥʽʪʴ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ 

ʛʽʣʮʽ Poisson's Equation (poeq) (ʥʝ ʧʦ ʚʫʟʣʫ ʨʽʚʥʷʥʥʷ, ʘ ʧʦ ʽʤʝʥʽ ʡʦʛʦ 
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ʙʘʪʴʢʽʚʩʴʢʦʾ ʛʽʣʢʠ) ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʦʙʝʨʽʪʴ Dirichlet Boundary Condition. 

ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʟ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Dirichlet Boundary Condition 1, ʘ ʧʨʘʚʦʨʫʯ 

ʚʽʜʢʨʠʻʪʴʩʷ ʡʦʛʦ ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʇɺ). ʋ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʤʝʞʘ ʢʦʣʘ 

ʨʦʟʙʠʪʘ ʥʘ 4 ʯʘʩʪʠʥʠ. ʇʦʩʣʽʜʦʚʥʦ ʚʠʜʽʣʽʪʴ ʚʩʽ ʯʘʩʪʠʥʠ, ʢʣʘʮʘʶʯʠ ʧʦ ʥʠʤ 

ʤʠʰʝʶ (ʧʨʠ ʮʴʦʤʫ ʜʫʛʠ ʟʤʽʥʶʶʪʴ ʪʦʚʱʠʥʫ ʽ ʢʦʣʽʨ). ʄʦʞʥʘ ʪʘʢʦʞ ʚ ʨʦʟʜʽʣʽ 

Boundary Selection  ʚ ʩʧʠʩʢʫ Selection  ʚʠʙʨʘʪʠ All boundaries . ʅʦʤʝʨʠ 

ʜʽʣʷʥʦʢ ʦʢʨʫʞʥʦʩʪʽ, ʥʘ ʷʢʠʭ ʙʫʜʝ ʟʘʜʘʥʘ ʫʤʦʚʘ ɼʽʨʽʭʣʝ, ʟ'ʷʚʣʷʪʴʩʷ ʚ ʩʝʢʮʽʾ 

ʚʠʙʦʨʫ ʥʠʞʯʝ ʩʧʠʩʢʫ Selection . 

 
ɺ ʨʦʟʜʽʣʽ Dirichlet Boundary Condition  ʮʽʻʾ ʧʘʥʝʣʽ ʚ ʧʦʣʽ r  ʚʠʧʨʘʚʽʪʴ 

ʟʥʘʯʝʥʥʷ 0 ʥʘ 1. ʎʠʤ ʟʘʜʘʻʪʴʩʷ ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ 1=
Wµ

u . 

  ɿʘʨʘʟ ʚʩʝ ʛʦʪʦʚʦ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ 

ʤʠʰʽ ʢʣʘʮʥʽʪʴ ʚʫʟʦʣ Study 1 ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪɹ ʢʦʤʘʥʜʫ Compute. ɺ 

ʧʨʘʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʢʫ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ ʚʠ ʧʦʙʘʯʠʪʝ ʽʥʜʠʢʘʪʦʨ ʚʠʢʦʥʘʥʥʷ 

(Progress Bar). 

 
ʂʦʤʘʥʜʫ Compute ʤʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʥʘʪʠ ʥʘʪʠʩʢʘʥʥʷʤ ʥʘ ʢʣʘʚʽʰʫ F8 ʘʙʦ 

ʢʣʘʮʘʥʥʷʤ ʤʠʰʽ ʧʦ ʢʥʦʧʮ ̔ , ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʟʘʢʣʘʜʮʽ Home ʩʪʨʽʯʢʠ 

ʧʘʥʝʣʝʡ. ʗʢʱʦ ʚʩʽ ʫʤʦʚʠ ʟʘʜʘʯʽ ʚʚʝʜʝʥʽ ʢʦʨʝʢʪʥʦ, ʪʦ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʚʠ 

ʧʦʙʘʯʠʪʝ ʢʨʫʛʦʚʫ ʟʦʥʫ, ʥʘ ʷʢʽʡ ʢʦʣʽʨ ʪʦʯʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ/ʚʝʣʠʯʠʥʽ 

ʨʦʟʚôʷʟʢʫ ( )yxu , . ʊʘʢʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʦʙʣʘʩʪʽ ʤʠ ʽʥʦʜʽ ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʟʘʣʠʪʠʤ (ʘʙʦ ʩʫʮʽʣʴʥʠʤ) ʢʦʥʪʫʨʥʠʤ ʛʨʘʬʽʢʦʤ. 

  ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʤʘʣʶʥʦʢ ʪʝʞ ʥʘʣʝʞʠʪʴ ʜʝʨʝʚʫ ʤʦʜʝʣʽ, ʘ ʩʘʤʝ ʛʽʣʮʽ 

Results. ɼʦ ʦʙʯʠʩʣʝʥʥʷ ʮʷ ʛʽʣʢʘ ʤʽʩʪʠʣʘ ʧʦʨʦʞʥʽ ʛʽʣʢʠ. ʊʝʧʝʨ ʚʦʥʘ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 
 

ɿ'ʷʚʠʚʩʷ ʚʫʟʦʣ Study 1/Solution 1, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʜʘʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʽ ʛʽʣʢʘ 

2D Plot Group 1 ʟ ʚʫʟʣʦʤ Surface 1. ʉʘʤʝ ʚʫʟʣʫ Surface 1 ʥʘʣʝʞʠʪʴ 

ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ. ʗʢʱʦ ʚʠ ʚʠʜʽʣʠʪʝ ʷʢʠʡ-ʥʝʙʫʜʴ ʽʥʰʠʡ ʚʫʟʦʣ ʜʝʨʝʚʘ ʤʦʜʝʣʽ, 

ʥʘʧʨʠʢʣʘʜ, ʚʫʟʦʣ Geometry, ʪʦ ʚʤʽʩʪ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ ʟʤʽʥʠʪʴʩʷ. ʇʦʚʪʦʨʥʝ 
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ʚʠʜʽʣʝʥʥʷ ʚʫʟʣʘ Surface 1 ʟʥʦʚʫ ʚʽʜʦʙʨʘʟʠʪʴ ʟʘʣʠʪʠʡ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʚ 

ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ. 

  ɻʽʣʢʘ ʪʠʧʫ 2D Plot Group ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʜʚʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ, 

ʘ ʾʾ ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʩʪʠʪʴ ʧʨʦ ʥʠʭ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ. ɿʦʢʨʝʤʘ, ʚ ʧʦʣ ̔Data 
Set ʚʢʘʟʫʻʪʴʩʷ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ. 

 
ɼʘʥʽ ʧʦʚʠʥʥʽ çʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠè ʚ ʧʽʜʛʽʣʮʽ Data Sets ʛʽʣʢʠ Results. ɺ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʚʦʥʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʴ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʽ Results - 

Data Sets ï Study 1/Solution 1. ʉʘʤʘ ʛʽʣʢʘ 2D Plot Group 1 ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ 

ʭʦʯʘ ʙ ʦʜʠʥ ʜʦʯʽʨʥʽʡ ʚʫʟʦʣ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʛʨʘʬʽʢ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ. 

ɿʦʢʨʝʤʘ, ʚʫʟʦʣ ʪʠʧʫ Surface ʟʦʙʨʘʞʫʻ ʟʘʣʠʪʠʡ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ, ʧʦʢʘʟʘʥʠʡ 

ʚʠʱʝ. 

  ɻʨʘʬʽʢʠ ʤʦʞʫʪʴ ʥʘʢʣʘʜʘʪʠʩʷ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ɼʣʷ ʮʴʦʛʦ ʚ ʛʽʣʢʫ 2D Plot 

Group 1 ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʽʥʰʽ ʛʨʘʬʽʯʥʽ ʚʫʟʣʠ. ʅʘʧʨʠʢʣʘʜ, ʢʣʘʮʥʽʪʴ ʧʦ ʚʫʟʣʫ 2D 

Plot Group 1 ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ  

Contour. ɼʦ ʛʨʫʧʠ ʛʨʘʬʽʢʽʚ 2D Plot Group 1 ʜʦʜʘʩʪʴʩʷ ʚʫʟʦʣ Contour 1, ʷʢʠʡ 

ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʛʨʘʬʽʢ ʣʽʥʽʡ ʨʽʚʥʷ ʚʠʨʘʟʫ, ʟʘʧʠʩʘʥʦʛʦ ʚ ʧʦʣ ̔ Expression  

ʚʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʴʦʛʦ ʚʫʟʣʘ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ u - ʽʤ'ʷ ʨʦʟʚôʷʟʢʫ). ɺ 

ʮʴʦʤʫ ʚʽʢʥʽ ʚ ʨʦʟʜʽʣʽ Levels  ʚ ʧʦʣ ̔Total Levels  ʤʦʞʥʘ ʟʘʜʘʪʠ ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ 

ʨʽʚʥʷ. ɺ ʩʧʠʩʢʫ Contour Type  ʚʠʙʝʨʽʪʴ ʪʠʧ ʛʨʘʬʽʢʘ ï Line , ʱʦ ʦʟʥʘʯʘʻ 

ʟʦʙʨʘʞʝʥʥʷ ʢʦʥʪʫʨʽʚ ʣʽʥʽʷʤʠ, ʘ ʥʠʞʯʝ ʚ ʩʧʠʩʢʫ Color  ʟʘʜʘʡʪʝ ʢʦʣʽʨ ʣʽʥʽʡ ʨʽʚʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʙʽʣʠʡ. ɺ ʮʽʡ ʧʘʥʝʣʽ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʇɺ) ʪʘʢʦʞ ʟʥʽʤʽʪʴ ʧʝʨʝʤʠʢʘʯ 

Color legend  ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʥʝ ʚʽʜʦʙʨʘʞʘʣʘʩʷ ʜʨʫʛʘ ʰʢʘʣʘ 

ʢʦʣʴʦʨʽʚ. ʏʘʩʪʠʥʘ ʇɺ ʚʫʟʣʘ Contour 1, ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʘ 

ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʣʽʚʦʨʫʯ. 

 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ , ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚʛʦʨʽ ʧʘʥʝʣʽ 

Setting Contour . ɺ ʨʝʟʫʣʴʪʘʪʽ, ʜʨʫʛʠʡ ʛʨʘʬʽʢ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʧʝʨʰʠʡ (ʜʠʚ. 

ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ). 
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  ɼʦʜʘʤʦ ʚ ʮʶ ʛʨʫʧʫ ʛʨʘʬʽʢ ʣʽʥʽʡ ʪʝʯʽʾ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ yx uu ¡-¡, . ɼʣʷ ʮʴʦʛʦ 

ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʛʽʣʮʽ 2D Plot Group 1 ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ 

ʤʝʥʶ ʦʙʝʨʽʪʴ StreamLine. ʋ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ StreamLine 1 

ʚ ʨʦʟʜʽʣʽ Expression  ʚ ʧʦʣʷʭ x component  ʽ y component  ʚʚʝʜʽʪʴ ux  ʽ - uy  

(ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʨʦʟʚôʷʟʢʫ  u  ʧʦ x  ʽ ʧʦ y ʧʦʟʥʘʯʘʶʪʴʩʷ ux ʽ uy). 

 

 
ɺ ʨʦʟʜʽʣʽ Streamline Positioning ʚ ʩʧʠʩʢʫ Positioning  ʚʠʙʝʨʽʪʴ Uniform 

density  ʽ ʚ ʧʦʣʽ Separating  distance  ʟʘʜʘʡʪʝ ʚʽʜʩʪʘʥʴ ʤʽʞ ʣʽʥʽʷʤʠ. ɺ ʨʦʟʜʽʣʽ 

Coloring and Style  ʚ ʩʧʠʩʢʫ Color  ʚʠʙʝʨʽʪʴ ʢʦʣʽʨ ʚʝʢʪʦʨʥʠʭ ʣʽʥʽʡ (ʜʠʚ. 

ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ). ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ 

ʚʛʦʨʽ ʧʘʥʝʣʽ Setting StreamLine . ʊʨʝʪʽʡ ʛʨʘʬʽʢ ʙʫʜʝ ʥʘʢʣʘʜʝʥʦ ʥʘ ʧʝʨʰʽ ʜʚʘ. 

ʈʝʟʫʣʴʪʫʶʯʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʠʡ 2D ʛʨʘʬʽʢ ʟʦʙʨʘʞʘ̒ ʚʠʨʘʟ, ʟʘʧʠʩʘʥʠʡ ʚ ʡʦʛʦ ʧʦʣʽ 

Expression, ʽ ʛʨʘʬʽʢʠ ʦʜʥʽʻʾ ʛʨʫʧʠ ʥʘʢʣʘʜʘʶʪʴʩʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʦʜʠʥ ʥʘ 

ʦʜʥʦʛʦ. 

  ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚ ʚʽʢʥʘʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʧʦʣʷ Label, ʚ ʷʢʠʭ ʚʚʦʜʷʪʴ 

ʥʘʟʚʫ ʚʫʟʣʽʚ ʜʝʨʝʚʘ ʤʦʜʝʣʽ (ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʮʽʦʥʘʣʴʥʽ ʰʨʠʬʪʠ). 

ʅʘʧʨʠʢʣʘʜ, ʚ ʧʦʣʝ Label  ʚʫʟʣʘ Surface 1 ʚʚʝʜʽʪʴ ʪʝʢʩʪ ʇʦʚʝʨʭʥʷ. ɺ ʧʦʣʝ 

Description  (ʷʢʱʦ ʚʩʪʘʥʦʚʣʝʥʦ ʡʦʛʦ ʧʝʨʝʤʠʢʘʯ) ʚʚʦʜʠʪʴʩʷ ʥʘʟʚʘ ʛʨʘʬʽʢʘ. ɺʦʥʘ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚʛʦʨʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ (ʜʦʟʚʦʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʣʘʪʠʥʩʴʢʠʡ ʰʨʠʬʪ). 

ɺ ʨʦʟʜʽʣʽ Title ʚ ʩʧʠʩʢʫ Title type  ʚʚʦʜʠʪʴʩ ̫ʥʘʟʚʘ ʟʘʛʦʣʦʚʢʘ, ʷʢʘ ʩʪʦʾʪʴ 

ʧʝʨʝʜ ʦʩʥʦʚʥʠʤ ʪʝʢʩʪʦʤ. ʗʢʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʛʨʘʬʽʢʽʚ, ʪʦ ʟʘʛʦʣʦʚʦʢ 

ʢʨʘʱʝ ʟʘʜʘʚʘʪʠ ʫ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ 2D Plot Group 1 ʚ ʨʦʟʜʽʣʽ 

Title . ɼʣʷ ʮʴʦʛʦ ʚ ʩʧʠʩʢʫ Title type  ʪʨʝʙʘ ʚʠʙʨʘʪʠ Manual  ʽ ʚ ʪʝʢʩʪʦʚʦʤʫ ʧʦʣʽ 

Title  ʚʚʝʩʪʠ ʟʘʛʦʣʦʚʦʢ ʦʙ'ʻʜʥʘʥʦʛʦ ʛʨʘʬʽʢʘ. 
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ʇʦʨʽʚʥʷʻʤʦ ʦʪʨʠʤʘʥʠʡ ʥʘʙʣʠʞʝʥʠʡ ʨʦʟʚôʷʟʦʢ ( )yxu ,  ʟ ʪʦʯʥʠʤ 

( )( )222, yxyxw += . ɼʣʷ ʮʴʦʛʦ ʧʦʙʫʜʫʻʤʦ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʨʽʟʥʠʮʽ 

ʥʘʙʣʠʞʝʥʦʛʦ ʽ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʽʚ ( ) ( )yxwyxu ,, - . ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʢʣʘʮʥʽʪʴ 

ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʛʽʣʮʽ Results ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʦʙʝʨ̔ʪʴ ʢʦʤʘʥʜʫ 

2D Plot Group. ɿ'ʷʚʠʪʴʩʷ ʥʦʚʠʡ ʚʫʟʦʣ 2D Plot Group 2. ɼʦʜʘʡʪʝ ʚ ʥʴʦʛʦ ʧʽʜʚʫʟʦʣ 

Surface 1 ʪʘʢ ʩʘʤʦ, ʷʢ ʚʠ ʮʝ ʨʦʙʠʣʠ ʨʘʥʽʰʝ (ʢʣʘʮʘʥʥʷʤ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ 

ʚʠʙʦʨʦʤ ʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʢʦʤʘʥʜʠ Surface). ʋ ʧʘʥʝʣʽ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʇɺ) 

ʮʴʦʛʦ ʚʫʟʣʘ ʚ ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ ʚʠʨʘʟ ( )̂2y^2x^2u +- . 

 
ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ  ʮʴʦʛʦ ʚʠʨʘʟʫ ʢʣʘʮʘʥʥʷʤ ʧʦ ʢʥʦʧʮʽ  ʚ ʧʘʥʝʣʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʇɺ) ʚʫʟʣʘ Surface 1. 

 
ʇʦ hʢʘʣ̔ ʢʦʣʴʦʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʧʨʘʚʦʨʫʯ ʚʽʜ ʨʠʩʫʥʢʘ, ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʚʠʨʘʟʫ ( )2^2^2^ yxu +-  ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 
4104 -Ö-  ʜʦ 

4104 -Ö+ . ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ (ʨʽʟʥʠʮʽ ʥʘʙʣʠʞʝʥʦʛʦ ʽ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʽʚ) ʥʝ 

ʧʝʨʝʚʠʱʫʻ 
4104 -Ö . 

  ʗʢʱʦ ʚʠ ʧʦʙʘʞʘʻʪʝ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ, ʪʦ ʚʘʤ ʩʣʽʜ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ 

ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʽʪʢʠ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʚʫʟʣʘ Mesh 1 

ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʽ ʜʦ ʟʘʢʣʘʜʢʠ Mesh ʥʘ ʩʪʨʽʯʮʽ. ʇʦʪʽʤ ʩʣʽʜ ʚʠʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ, ʟʛʫʩʪʠʪʠ ʩʽʪʢʫ ʽ ʟʘʥʦʚʦ ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ. 

  ɭ ʤʦʞʣʠʚʽʩʪʴ ʥʘʤʘʣʶʚʘʪʠ ʛʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ʫ ʚʠʛʣʷʜʽ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʮʴʦʛʦ 

ʜʦʜʘʡʪʝ ʱʝ ʦʜʥʫ ʛʽʣʢʫ 2D Plot Group 3 ʽ ʚ ʥʽʡ ʧʽʜʛʽʣʢʫ Surface 1, ʚ ʷʢʽʡ 

ʩʪʚʦʨʽʪʴ ʚʫʟʦʣ Height Expression 1. ɺʽʥ ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʙʫʜʴ-ʷʢʠʡ 

ʽʥʰʠʡ ʚʫʟʦʣ, ʢʣʘʮʘʥʥʷʤ ʧʨʘʚʦʾ ʢʥʦʧʢʠ ʤʠʰʽ ʧʦ ʙʘʪʴʢʽʚʩʴʢʦʤʫ ʚʫʟʣʫ ʽ ʚʠʙʦʨʦʤ 

ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʢʦʤʘʥʜʠ . ɺ ʇɺ ʚʫʟʣʘ Surface 1 ʚ ʨʦʟʜʽʣʽ 

Coloring and Style ʚ ʩʧʠʩʢʫ Color table ʚʠʙʝʨʽʪʴ ʪʘʙʣʠʮʶ ʢʦʣʴʦʨʽʚ 

GrayScale .  
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ɺ ʇɺ ʚʫʟʣʘ Height Expression 1 ʚ ʨʦʟʜʽʣʽ Axis  ʚ ʧʦʣʝ Scale factor ʚʩʪʘʥʦʚʽʪʴ 
ʦʜʠʥʠʯʥʠʡ ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʛʨʘʬʽʢʘ. 

 
ʅʘʨʝʰʪʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ , ʷʢʘ ʙʫʜʫʻ ʛʨʘʬʽʢ ʧʦʚʝʨʭʥʽ ʬʫʥʢʮʽʾ.  

 

ʊʝ, ʱʦ ʮʝ ʧʦʚʝʨʭʥʷ ʬʫʥʢʮʽʾ u ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʩʪʘʥʦʚʢʦʶ ʚ ʧʦʣʽ Expression  

ʚʫʟʣʘ 2D Plot Group 3 - Surface 1, ʙʦ ʫ ʜʦʯʽʨʥʴʦʤʫ ʚʫʟʣʽ Height Expression 1 ʚ 

ʧʦʣʽ Height  data  ʚʩʪʘʥʦʚʣʝʥʦ From parent , ʱʦ ʦʟʥʘʯʘʻ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʧʦ ʜʘʥʠʤ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʚʫʟʣʘ. 

  ʇʦʣʦʞʝʥʥʷ ʚʫʟʣʽʚ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʥʝ ʬʽʢʩʦʚʘʥʝ. ɿʦʢʨʝʤʘ, ʛʨʘʬʽʯʥʽ ʚʫʟʣʠ 

ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ ʚ ʤʝʞʘʭ ʛʨʫʧʠ ʛʨʘʬʽʢʽʚ ʘʙʦ ʥʘʚʽʪʴ ʧʝʨʝʤʽʱʘʪʠ ʚ ʽʥʰʫ 

ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ. ʅʘʧʨʠʢʣʘʜ, ʟʘʭʦʧʽʪʴ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʚʫʟʦʣ ʇʦʚʝʨʭʥʷ 

(ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ʽ ʥʝ ʚʽʜʧʫʩʢʘʡʪʝ) ʽ ʧʝʨʝʪʷʛʥʽʪʴ ʚʫʟʦʣ ʚʥʠʟ ʛʽʣʢʠ 2D Plot 

Group 1. ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʚʫʟʣʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ʯʝʨʚʦʥʠʤ 

ʚʽʜʨʽʟʢʦʤ. 

 
ɺ ʨʝʟʫʣʴʪʘʪʽ, ʛʽʣʢʘ Results ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ. 
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ɻʨʘʬʽʢ ʤʦʞʝ ʙʫʪʠ ʥʝ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʨʦʟʚôʷʟʢʦʤ u. ʅʘʧʨʠʢʣʘʜ, ʜʦʜʘʤʦ ʜʦ ʜʝʨʝʚʘ 

ʥʘʰʦʾ ʤʦʜʝʣʽ ʱʝ ʦʜʥʫ ʛʽʣʢʫ 2D Plot Group 4 ʟ ʚʫʟʣʦʤ Surface. ɺ ʡʦʛʦ ʇɺ ʚ 

ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ ʚʠʨʘʟ x^2- y^2  ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ . ɺ ʟʦʥʽ 

ʦʜʠʥʠʯʥʦʛʦ ʢʦʣʘ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʠʪʠʡ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ 

ʧʘʨʘʙʦʣʦʾʜʘ. 

     
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ʨʦʟʜʽʣʽ Data Set  ʚʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ 2D Plot 

Group 4  ʚʩʝ ʦʜʥʦ ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʢʘʟʘʥʦ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Study  1/Solution  1. 

ɺʦʥʦ ʟʙʝʨʽʛʘʻ ʥʝ ʪʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ u, ʘ ʡ ʢʦʦʨʜʠʥʘʪʠ ʚʫʟʣʽʚ 

ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦ ʾʩʽʪʢʠ. ʊʦʤʫ ʛʨʘʬʽʢ ʚʠʨʘʟʫ x^2- y^2  ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʮʽʡ 

ʩʽʪʮʽ (ʚ ʦʜʠʥʠʯʥʦʤʫ ʢʦʣʽ). 

  ɹʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ u ʤʦʞʥʘ ʥʝ ʥʘ ʚʩʡ̔ ʦʙʣʘʩʪʽ. ʅʘʧʨʠʢʣʘʜ, 

ʧʦʙʫʜʫʻʤʦ ʡʦʛʦ ʚʟʜʦʚʞ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʫ ʥʘʰʦʛʦ ʢʦʣʘ. ɼʣʷ ʮʴʦʛʦ ʚ ʛʽʣʮʽ 

Data Sets ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʽʥʰʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ï ʤʥʦʞʠʥʫ ʪʦʯʦʢ, ʥʘʜ ʷʢʠʤ ʙʫʜʝ 

ʙʫʜʫʚʘʪʠʩʷ ʛʨʘʬʽʢ. ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʛʽʣʮʽ Data Sets  ʽ ʚ 

ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʦʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Cut Line 2D (ʣʽʥʽʷ ʧʝʨʝʨʽʟʫ ʜʚʦʚʠʤʽʨʥʦʾ 

ʦʙʣʘʩʪʽ). ɺ ʡʦʛʦ ʇɺ ʚ ʨʦʟʜʽʣʽ Data  ʚ ʩʧʠʩʢʫ Data set  ʚʠʙʝʨʽʪʴ ʜʞʝʨʝʣʦ ʜʘʥʠʭ 

Sudy 1/ Solution 1 , ʘ ʚ ʩʧʠʩʢʫ Line entry method  ʚʠʙʝʨʽʪʴ Two points  

(ʧʝʨʝʨʽʟ ʧʦ ʜʚʦʤ ʪʦʯʢʘʤ). ɺʚʝʜʽʪʴ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʣʽʥʽʾ 

ʧʝʨʝʨʽʟʫ ʚ ʧʦʣʷʭ x, y. ʇʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Cut Line 2D ʟʘʧʦʚʥʽʪʴ ʪʘʢ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ (ʧʦʢʘʟʘʥʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʚʽʢʥʘ). 



17 

 

 
ʊʝʧʝʨ ʜʦʜʘʡʪʝ ʛʨʘʬʽʯʥʫ ʛʽʣʢʫ 1D Plot Group 5. ɺ ʾʾ ʇɺ ʚ ʩʧʠʩʢʫ Data set  

ʚʠʙʝʨʽʪʴ Cut Line 2D 1 . ɼʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ Line Graph . ɺ ʡʦʛʦ ʇɺ ʚ ʩʧʠʩʢʫ 

Data set  ʚʠʙʝʨʽʪʴ From parent , ʘ ʚ ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ u (ʽʤ'ʷ ʨʦʟʚôʷʟʢʫ). 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚ ʨʦʟʜʽʣʽ x- Axis Data  ʚ ʩʧʠʩʢʫ Parameter  ʦʙʨʘʥʦ 

ʟʥʘʯʝʥʥʷ Arc length , ʪʦʙʪʦ ʥʘʰ ʛʨʘʬʽʢ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʜʦʚʞʠʥʠ ʜʫʛʠ ʧʝʨʝʨʽʟʫ 

(ʜʽʘʤʝʪʨʘ). ɺʛʦʨʽ ʇɺ ʚʫʟʣʘ Line Graph 1 ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot. ɺ ʛʨʘʬʽʯʥʦʤʫ 

ʚʽʢʥʽ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʣʽʚʦʨʫʯ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʯʘʩʪʠʥʥʦʾ ʧʦʭʽʜʥʦʶ ʨʦʟʚôʷʟʢʫ ʚʟʜʦʚʞ ʮʴʦʛʦ ʚʽʜʨʽʟʢʘ ʜʦʜʘʡʪʝ 

ʚ ʮʶ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʚʫʟʦʣ Line Graph 2 ʽ ʚ ʡʦʛʦ ʇɺ ʚ ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ 

uy (ʧʦʭʽʜʥʘ ʨʦʟʚôʷʟʢʫ ʧʦ ʟʤʽʥʥʽʡ y). ʈʝʰʪʫ ʧʦʣ̔ʚ ʟʘʧʦʚʥʽʪʴ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ 

ʚʫʟʣʘ Line Graph 1. ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ Plot ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ ʦʥʦʚʠʪʴʩʷ ʽ ʚ 

ʥʴʦʤʫ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʜʨʫʛʠʡ ʛʨʘʬʽʢ. ʈʝʟʫʣʴʪʫʶʯʝ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ, ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʻ ʚʫʟʣʫ 1D Plot Group 5, ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʨʘʚʦʨʫʯ. 

     
ɿʥʘʡʜʝʤʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʚ ʜʝʷʢʠʭ ʪʦʯʢʘʭ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʜʦʜʘʪʠ 

ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʚ ʜʝʨʝʚʦ ʤʦʜʝʣʽ. ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ 

ʚʫʟʣʫ Results - Data Sets  ʽ ʫ ʚʠʧʘʜʥʦʤʫ ʩʧʠʩʢʫ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Cut Point 2D. 

ɺ ʛʽʣʢʫ Results - Data Sets ʙʫʜʝ ʜʦʜʘʥʦ ʚʫʟʦʣ Cut Point 2D 1. ɺ ʡʦʛʦ ʇɺ ʚ 

ʨʦʟʜʽʣʽ Data  ʚ ʩʧʠʩʢʫ Data set  ʚʠʙʝʨʽʪʴ ʨʦʟʚôʷʟʦʢ  Sudy 1/Solution 1 , ʘ ʚ 

ʨʦʟʜʽʣʽ Point Data  ʚʚʝʜʽʪʴ ʯʝʨʝʟ ʢʦʤʫ x - ʢʦʦʨʜʠʥʘʪʠ ʽ y - ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ. 

ʅʠʞʯʝ ʧʦʢʘʟʘʥʘ ʯʘʩʪʠʥʘ ʇɺ ʚʫʟʣʘ Cut Point 2D 1. 
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ʅʘʪʠʩʥʫʚʰʠ ʥʘ ʢʥʦʧʢʫ Plot ʚʛʦʨʽ ʇɺ ʚʫʟʣʘ Cut Point 2D 1, ʚʠ ʦʪʨʠʤʘʻʪʝ 

ʟʦʙʨʘʞʝʥʥʷ ʪʦʯʦʢ. 

 
ʊʝʧʝʨ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ Results - Derived Values  ̔ʫ 

ʚʠʧʘʜʥʦʤʫ ʩʧʠʩʢʫ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Point Evaluation. ɿ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Results - 

Derived Values - Point Evaluation 1. ɺ ʡʦʛʦ ʇɺ ʚ ʩʧʠʩʢʫ Data set  ʩʣʽʜ ʚʠʙʨʘʪʠ 

Cut Point 2D 1  (ʩʪʚʦʨʝʥʝ ʨʘʥʽʰʝ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ). ʊʘʢʦʞ ʚ ʮʽʡ ʇɺ 

ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʚʠʨʘʟ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʤʠ ʙʫʜʝʤʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʚ ʪʦʯʢʘʭ. ʊʦʤʫ ʚ ʧʦʣʝ Expression  

ʚʚʦʜʠʤʦ u (ʥʠʞʯʝ ʧʦʢʘʟʘʥʘ ʯʘʩʪʠʥʘ ʇɺ ʚʫʟʣʘ Point Evaluation 1). 

 

 
ʅʘʪʠʩʥʽʪʴ ʥʘ ʢʥʦʧʢʫ Evaluate ʚʛʦʨʽ ʇɺ ʚʫʟʣʘ Point Evaluation 1 ʽ ʚ ʧʨʘʚʦʤʫ 

ʥʠʞʥʴʦʤʫ ʢʫʪʫ ʧʨʦʛʨʘʤʠ ʟ'ʷʚʠʪʴʩʷ ʪʘʙʣʠʮʷ ʟʥʘʯʝʥʴ ʨʦʟʚôʷʟʢʫ ʚ ʢʦʞʥʽʡ ʚʢʘʟʘʥʽʡ 

ʚʘʤʠ ʪʦʯʮʽ. 

 

ʉʪʚʦʨʝʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʟʙʝʨʝʛʪʠ ʚ ʬʘʡʣ, ʷʢʠʡ ʤʘʻ ʨʦʟʰʠʨʝʥʥʷ ʽʤʝʥʽ *.mph . 

ɿʙʝʨʽʛʘʻʪʴʩʷ ʚʩʷ ʤʦʜʝʣʴ ʨʘʟʦʤ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʝʥʴ (ʷʢʱʦ ʚʦʥʠ 

ʚʠʢʦʥʫʚʘʣʠʩʷ) ʽ ʛʨʘʬʽʢʦʶ. ʇʽʟʥʽʰʝ ʚʠ ʤʦʞʝʪʝ ʚʽʜʢʨʠʪʠ ʪʘʢʠʡ ʬʘʡʣ ʽ 

ʧʨʦʜʦʚʞʠʪʠ ʨʦʙʦʪʫ ʟ ʤʦʜʝʣʣʶ. 
ƴ 

ɿʘʫʚʘʞʝʥʥʷ 1. ɺ ʛʽʣʮʽ Results - Data Sets ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʪʠʧʫ Cut Point  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʚʠʨʘʟʽʚ ʚ ʪʦʯʢʘʭ ʪʘ ʧʦʙʫʜʦʚʠ ʚ 

ʪʦʯʢʘʭ çʯʘʩʦʚʠʭè ʛʨʘʬʽʢʽʚ; ʚʫʟʣʠ ʪʠʧʫ Cut Lines  ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʨʘʟʽʚ ʚʟʜʦʚʞ ʜʝʷʢʠʭ ʣʽʥʽʡ, ʥʘʧʨʠʢʣʘʜ, ʚʟʜʦʚʞ ʣʽʥʽʾ 
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ʧʝʨʝʨʽʟʫ ʙʫʜʴ-ʷʢʦʾ ʜʚʦʚʠʤʽʨʥʦʾ ʦʙʣʘʩʪʽ. ɺʫʟʣʠ ʪʠʧʫ Cut Plane  ʩʪʚʦʨʶʶʪʴʩʷ 

ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʦʟʚôʷʟʢʽʚ/ʚʠʨʘʟʽʚ ʧʦ ʧʝʨʝʨʽʟʘʭ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙʣʘʩʪʝʡ. 

ɿʘʫʚʘʞʝʥʥʷ 2. ʆʪʨʠʤʘʪʠ ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʚ ʪʦʯʮʽ ʤʦʞʥʘ ʧʦ-ʽʥʰʦʤʫ. 

ɸʢʪʠʚʫʡʪʝ ʛʨʘʬʽʯʥʠʡ ʚʫʟʦʣ, ʚ ʷʢʦʤʫ ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʟʘʙʘʨʚʣʝʥʥʷʤ (ʥʝ ʚʫʟʦʣ ʛʨʫʧʠ, ʘ ʚʫʟʦʣ ʛʨʘʬʽʢʘ), ʽ ʥʘ ʛʨʘʬʽʢʫ ʚʠʢʦʥʘʡʪʝ ʧʦʜʚʽʡʥʝ 

ʢʣʘʮʘʥʥʷ ʤʠʰ̔ ʚ ʦʢʦʣʽ ʙʘʞʘʥʦʾ ʪʦʯʢʠ. ɿ'ʷʚʠʪʴʩʷ ʪʘʙʣʠʮʷ (ʷʢʱʦ ʾʾ ʱʝ ʥʝʤʘʻ), ʚ 

ʷʢʫ ʜʦʜʘʩʪʴʩʷ ʨʷʜʦʢ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʢʣʘʮʘʥʥʷ ʽ ʟʥʘʯʝʥʥʷʤ 

ʚʠʨʘʟʫ ʚ ʥʽʡ. ʂʦʞʥʝ ʥʦʚʝ ʢʣʘʮʘʥʥʷ ʙʫʜʝ ʜʦʜʘʚʘʪʠ ʦʜʠʥ ʨʷʜʦʢ ʚ ʮʶ ʪʘʙʣʠʮʶ.  

 

1.3. ʌʫʥʢʮʽʾ ʽ ʛʨʘʬʽʢʠ.  

ʉʠʩʪʝʤʘ COMSOL Multiphysics ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʙʫʜʦʚʘʥʦʾ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʟʨʘʟʦʢ MatLab, ʘʣʝ ʚ ʥʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʠʩʫʚʘʪʠ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ. ʆʢʨʽʤ ʪʦʛʦ, ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ 

ʬʫʥʢʮʽʾ. ʂʦʞʥʽʡ ʬʫʥʢʮʽʾ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʩʚʽʡ ʚʫʟʦʣ. 

ʌʫʥʢʮʽʾ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʛʽʣʢʘʭ Global Definitions ʘʙʦ Component - Definitions 

ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʚʠʙʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʰʘʙʣʦʥʫ ʟʽ ʩʧʠʩʢʫ. 

  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʧʨʠʢʣʘʜʽ 1 ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʘʨʘʛʨʘʬʘ ʧʨʘʚʫ ʯʘʩʪʠʥʫ 

ʨʽʚʥʷʥʥʷ (1) ʤʠ ʟʙʠʨʘʻʤʦʩʷ ʚʚʦʜʠʪʠ ʫ ʚʠʛʣʷʜʽ ʘʥʘʣʽʪʠʯʥʦʾ ʬʫʥʢʮʽʾ. ɼʣʷ ʾʾ 

ʩʪʚʦʨʝʥʥʷ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ Global Definitions ʜʝʨʝʚʘ 

ʤʦʜʝʣʽ ʽ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Functions->Analytic. 

 

ɼʣʷ ʬʫʥʢʮʽʾ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʚʣʘʩʥʠʡ ʚʫʟʦʣ ʽ ʚʽʜʢʨʠʻʪʴʩʷ ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʜʘʥʥʷ ʬʫʥʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ. ɺ ʧʦʣʝ 

Function name  ʚʚʝʜʽʪʴ ʽʤ'ʷ ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ff . ɺ ʧʦʣ ̔Arguments  ʯʝʨʝʟ 

ʢʦʤʫ ʧʝʨʝʣʽʯʽʪʴ ʽʤʝʥʘ ʘʨʛʫʤʝʥʪʽʚ ʬʫʥʢʮʽʾ, ʘ ʚ ʧʦʣ ̔ Expression  ʟʘʧʠʰʽʪʴ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʤʝʥʘ ʘʨʛʫʤʝʥʪʽʚ, ʢʦʥʩʪʘʥʪʠ ʽ ʟʥʘʢʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɿʘʧʦʚʥʝʥʽ ʧʦʣʷ ʚ ʇɺ ʥʘʰʦʾ ʬʫʥʢʮʽʾ ʧʦʢʘʟʘʥʽ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 
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ʇʝʨʝʚʽʨʢʫ ʢʦʨʝʢʪʥʦʩʪʽ ʟʘʜʘʥʥʷ ʬʫʥʢʮʽʾ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʾʾ 

ʛʨʘʬʽʢʘ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʢʨʠʡʪʝ ʨʦʟʜʽʣ Plot Parameters  ʽ ʚ ʪʘʙʣʠʮʽ ʟʘʜʘʡʪʝ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʘʨʛʫʤʝʥʪʽʚ ʬʫʥʢʮʽʾ ʥʘ ʛʨʘʬʽʢʫ (ʮʝ ʥʝ ʦʙʤʝʞʫʻ ʜʽʘʧʘʟʦʥ 

ʘʨʛʫʤʝʥʪʽʚ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ). 

 
ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ  ʚʛʦʨʽ ʇɺ. ɺ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʙʫʜʝ 

ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ ʥʘʰʦʾ ʬʫʥʢʮʽʾ ( )yx,ff . 

 
ʇʝʨʝʡʜʽʪʴ ʫ ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Component 1 - Poisson's Equation (poeq) 

- Poisson's Equation 1  ʽ ʚ ʨʦʟʜʽʣʽ Source Term ʚ ʧʦʣʝ f  ʚʚʝʜʽʪʴ ( )yx,ff - . 

 
ʅʘ ʟʘʢʣʘʜʮʽ Home ʩʪʨʽʯʢʠ ʧʘʥʝʣʝʡ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ  ʽ ʦʪʨʠʤʘʡʪʝ ʪʦʡ 

ʞʝ ʨʦʟʚôʷʟʦʢ, ʱʦ ʽ ʨʘʥʽʰʝ. 

  ɺ ʩʠʩʪʝʤʽ ʻ ʰʘʙʣʦʥʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ, ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʭ, 

ʢʫʩʢʦʚʠʭ, ʧʠʣʢʦʧʦʜʽʙʥʠʭ, ʩʭʽʜʯʘʩʪʠʭ ʽ ʽʥʰʠʭ ʬʫʥʢʮʽʡ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʬʫʥʢʮʽʾ, ʩʪʚʦʨʝʥʽ ʚ Matlab. ʋ ʢʦʞʥʦʛʦ ʪʠʧʫ ʬʫʥʢʮʽʡ ʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, Piecewise (ʢʫʩʢʦʚ)̔ ʬʫʥʢʮʽʾ ʜʦʧʫʩʢʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ 

ʘʨʛʫʤʝʥʪʫ. ɿ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʤʠ ʧʦʟʥʘʡʦʤʠʤʦ ʚʘʩ ʫ 

ʤʽʨʫ ʾʭ ʧʦʷʚʠ ʚ ʥʘʰʠʭ ʧʨʠʢʣʘʜʘʭ. 

  ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʡ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʟ ʾʭ 

ʛʨʘʬʽʢʘʤʠ (ʧʦʻʜʥʘʥʥʷ, ʥʘʢʣʘʜʘʥʥʷ, ʪʦʱʦ). ɿ ʨʦʟʽʙʨʘʥʦʛʦ ʨʘʥʽʰʝ ʧʨʠʢʣʘʜʫ ʚʠ 

ʙʘʯʠʣʠ, ʱʦ ʚ ʛʽʣʮʽ Results ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʽ ʦʙʨʦʙʣʷʪʠ ʛʨʘʬʽʢʠ 

ʨʦʟʚôʷʟʢʽʚ. ɸʣʝ ʷʢʱʦ ʪʨʝʙʘ ʧʨʘʮʶʚʘʪʠ ʣʠʝh ʟ ʛʨʘʬʽʢʘʤʠ ʬʫʥʢʮʽʡ, ʪʦ ʮʝ ʤʦʞʥʘ 

ʨʦʙʠʪʠ ʙʝʟ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʦʟʚôʷʟʘʥʥʷ ʬʽʟʠʯʥʠʭ ʟʘʜʘʯ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʘʪʠ ʚʩʴʦʛʦ ʪʨʠ ʢʨʦʢʠ: 
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¶ ʩʪʚʦʨʠʪʠ ʬʫʥʢʮʽʶ; 

¶ ʚ ʛʽʣʮʽ Results- >Data Sets ʩʪʚʦʨʠʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ (Data set ); ʚ ʜʝʷʢʦʤʫ 

ʩʝʥʩʽ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ, ʘ 

ʪʦʯʥʽʰʝ ʷʢ ʦʙʣʘʩʪʴ ʟʤʽʥʠ ʾʾ ʘʨʛʫʤʝʥʪʽʚ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʘ; 

¶ ʩʪʚʦʨʠʪʠ ʛʨʫʧʫ ʛʨʘʬʽʢʽʚ Plot Group  ʟ ʛʨʘʬʽʯʥʠʤ ʚʫʟʣʦʤ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʪʠʧʫ, ʥʘʧʨʠʢʣʘʜ, Line Graph; ʚ ʇɺ ʮʴʦʛʦ ʚʫʟʣʘ ʚʢʘʟʘʪʠ ʬʫʥʢʮʽʶ ʽ 

ʜʞʝʨʝʣʦ ʜʘʥʠʭ (Data set ). 

ʂʦʞʝʥ ʟ ʢʨʦʢʽʚ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʧʨʠʢʣʘʜʫ 

ʧʦʙʫʜʫʻʤʦ ʢʽʣʴʢʘ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ. 

ʇʨʠʢʣʘʜ 1. ʇʦʯʠʥʘʻʤʦ ʟʽ ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ. ɺʠʙʠʨʘʻʤʦ ʧʫʥʢʪ ʤʝʥʶ 

File- >New ʽ ʫ ʚʽʜʢʨʠʚʰʦʤʫʩʷ ʚ̔ ʢʥʽ ʚʠʙʠʨʘʻʤʦ ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ 

(Blank Model ), ʪʦʙʪʦ ʪʠʩʥʝʤʦ ʢʥʦʧʢʫ . 

ʉʪʚʦʨʶʻʤʦ ʬʫʥʢʮʽʶ. ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ ʜʝʨʝʚʘ ʤʦʜʝʣʽ 

Global Definitions ʽ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Functions- >Analytic. ɼʣʷ ʬʫʥʢʮʽʾ 

ʩʪʚʦʨʠʪʴʩʷ ʚʫʟʦʣ ʽ ʚʽʜʢʨʠʻʪʴʩʷ ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʜʘʥʥʷ 

ʬʫʥʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ. ɺ ʧʦʣʝ Function name  ʚʚʝʜʽʪʴ ʽʤ'ʷ 

ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, f. ɺ ʧʦʣʽ Arguments  ʯʝʨʝʟ ʢʦʤʫ ʧʝʨʝʣʽʯʽʪʴ ʽʤʝʥʘ 

ʘʨʛʫʤʝʥʪʽʚ ʬʫʥʢʮʽʾ x,y, z (ʬʫʥʢʮʽʷ ʤʦʞʝ ʤʘʪʠ ʢʽʣʴʢʘ ʘʨʛʫʤʝʥʪʽʚ). ɺ ʧʦʣʝ 

Expression  ʚʚʝʜ̔ ʪʴ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ sin(x)*z - y^2+z^3 . ɼʣʷ ʢʦʥʪʨʦʣʶ 

ʧʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ, ʟʘʜʘʚʰʠ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʟ 

ʘʨʛʫʤʝʥʪʽʚ ʚ ʨʦʟʜʽʣʽ Plot Parameters  (ʱʦʙ ʧʨʠʩʚʦʾʪʠ y = 0  ʟʘʜʘʡʪʝ ʥʫʣʴʦʚ ̔

ʥʠʞʥʁ ʽ ʚʝʨʭʥ ʁʤʝʞʽ ʟʤʽʥʠ y), ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ . ɿʘʧʦʚʥʝʥʽ ʧʦʣʷ ʇɺ 

ʥʘʰʦʾ ʬʫʥʢʮʽʾ ʽ ʾʾ ʛʨʘʬʽʢ ʧʦʢʘʟʘʥʽ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ɸʥʘʣʦʛʽʯʥʦ ʩʪʚʦʨʽʪʴ ʜʨʫʛʫ ʬʫʥʢʮʽʶ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ f2  ʟ ʚʠʨʘʟʦʤ x^3 . 

ʉʪʚʦʨʶʻʤʦ ʦʜʥʦʚʠʤʽʨʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʷʢʝ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʫ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʛʽʣʢʠ Results - Data 

Sets  ʦʙʝʨʽʪʴ ʢʦʤʘʥʜʫ More Data Sets-> Grid 1D ʽ ʟʘʧʦʚʥʽʪʴ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ 

Grid 1D ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ. 
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ɺʠʙʽʨ ʚ ʩʧʠʩʢʫ Source ʟʥʘʯʝʥʥʷ Function  ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʤʥʦʞʠʥʽ ʪʦʯʦʢ 

Grid  1D  ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ. ʋ ʩʧʠʩʢʫ Function  ʦʙʠʨʘʻʤʦ 

ʧʦʪʨʽʙʥʫ ʬʫʥʢʮʽʶ (ʘʙʦ All , ʷʢʱʦ ʟʙʠʨʘʻʤʦʩʷ ʙʫʜʫʚʘʪʠ ʢʽʣʴʢʘ ʛʨʘʬʽʢʽʚ). ɺ ʧʦʣʽ 

Resolution  ʚʢʘʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʽʜʨʽʟʢʘ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ, ʟʘʜʘʥʠʤʠ ʚ ʧʦʣʷʭ Minimum ʽ Maximum . 

ʉʪʚʦʨʶʻʤʦ ʛʨʫʧʫ ʛʨʘʬʽʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʚ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ ʛʽʣʢʫ ʪʠʧʫ 

1D Plot Group ʽ ʚ ʥʽʡ ʩʪʚʦʨʽʪʴ ʚʫʟʦʣ ʪʠʧʫ Line Graph. ɺ ʇɺ ʛʽʣʢʠ 1D Plot 

Group 1 ʚ ʩʧʠʩʢʫ Data Set ʚʠʙʝʨ̔ʪʴ Grid 1D  1 (ʦʜʥʦʚʠʤʽʨʥʘ ʤʥʦʞʠʥʘ, ʥʘ ʷʢʽʡ 

ʟʙʠʨʘʻʤʦʩʷ ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ). ʋ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Line Graph 1 ʚ ʨʦʟʜʽʣʽ 

y- Axis Data   ʚ ʧʦʣʽ Expression  ʚʚʝʜʽʪʴ ʚʠʨʘʟ f ( x,0, - 1) . ɺ ʨʦʟʜʽʣʽ x- Axis 

Data ʚ ʩʧʠʩʢʫ Parameter  ʚʠʙʝʨʽʪʴ Expression , ʽ ʚ ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ 

x. ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʪʦʚʱʠʥʫ ʣʽʥʽʡʥʦʛʦ 

ʛʨʘʬʽʢʘ. 
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ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot. ɼʽʶʯʠ ʘʥʘʣʦʛʽʯʥʦ, ʫ ʚʫʟʦʣ 1D Plot 

Group 1 ʜʦʜʘʡʪʝ ʱʝ ʪʨʠ ʧʽʜʚʫʟʣʠ ʪʠʧʫ Line Graph, ʚ ʷʢʠʭ ʚ ʧʦʣʷʭ Expression   

ʨʦʟʜʽʣʽʚ y- Axis Data   ʚʚʝʜʽʪʴ ʚʠʨʘʟʠ  

   f ( x,1,1)  

   f 2( x)/30   

   x- abs( x+1)+ abs( x- 1) . 

ʈʝʰʪʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʜʘʡʪʝ ʪʘʢʠʤʠ ʞʝ, ʷʢ ʫ ʚʫʟʣʘ 1D Plot Group 1. ʇʽʩʣʷ 

ʧʦʙʫʜʦʚʠ ʚʩʽʭ ʢʨʠʚʠʭ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ ʧʦʚʠʥʥʦ ʥʘʙʫʪʠ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ. 

 
ʇʦʙʫʜʫʻʤʦ ʢʽʣʴʢʘ ʧʣʦʩʢʠʭ ʢʨʠʚʠʭ ʧʦ ʾʭ ʧʘʨʘʤʝʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ. 

  ɺ ʪʽʡ ʞʝ ʤʦʜʝʣʽ ʚ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ ʚʫʟʦʣ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ 1D Plot 

Group 2 ʽ ʩʪʚʦʨʽʪʴ ʚ ʥʴʦʤʫ ʧʽʜʚʫʟʦʣ Line Graph. ɺ ʇɺ ʛʽʣʢʠ 1D Plot Group 2 ʚ 

ʩʧʠʩʢʫ Data Set ʦʙʝʨʽʪʴ Grid 1D 1. ʋ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Line Graph 1 ʚ 

ʨʦʟʜʽʣʽ  y- Axis Data   ʚ ʧʦʣʽ Expression   ʚʚʝʜʽʪʴ ʚʠʨʘʟ, ʥʘʧʨʠʢʣʘʜ, cos(x) . ɺ 

ʨʦʟʜʽʣʽ x- Axis Data  ʚ ʩʧʠʩʢʫ Parameter  ʦʙʠʨʽʪʴ Expression , ʽ ʚ ʧʦʣʝ 

Expression  ʚʚʝʜ̔ ʪʴ sin(x) . ʎʠʤ ʤʠ ʟʘʜʘʤ̒ʦ ʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʢʦʣʘ. ɺ 

ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʪʦʚʱʠʥʫ ʢʨʠʚʦʾ. ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot. ɺ ʮʶ ʞ ʛʽʣʢʫ 1D Plot Group 2 ʜʦʜʘʡʪʝ 

ʱʝ ʪʨʠ ʧʽʜʚʫʟʣʠ ʪʠʧʫ Line Graph. ɺ ʾʭ ʨʦʟʜʽʣʘʭ x- Axis Data  ʚ ʩʧʠʩʢʘʭ 

Parameter  ʦʙʝʨʽʪʴ Expression , ʽ ʚ ʧʦʣʷʭ Expression   ʚ ʨʦʟʜʽʣʘʭ y- Axis 

Data  ʽ x- Axis Data  ʚʚʝʜʽʪʴ ʥʘʩʪʫʧʥʽ ʧʘʨʠ ʚʠʨʘʟʽʚ (ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ 

ʢʨʠʚʠʭ): 

a)  abs(x)/2 - 3*abs(x - 2)/2+abs(x - 3) - 1  

      abs(x) - 3*abs(x - 1)/2+abs(x - 3)/2 - 1 

b)  cos(pi*x)̂ 3  

  sin(pi*x)̂ 3  

c)  cos ( x)  

  sin (2* x)  

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʚʩʽʭ ʢʨʠʚʠʭ ʢʥʦʧʢʦʶ Plot ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʛʣʷʜʫ. 
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ʄʦʞʥʘ ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʬʫʥʢʮʽʡ ʜʚʦʭ ʟʤʽʥʥʠʭ. ɼʣʷ ʮʴʦʛʦ ʚ ʛʽʣʮʽ ʜʞʝʨʝʣ ʜʘʥʠʭ 

Results->Data Sets ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʜʚʦʚʠʤʽʨʥʫ ʤʥʦʞʠʥʫ ʪʦʯʦʢ, ʷʢʘ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ. ʋ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʛʽʣʢʠ Data Sets 

ʦʙʝʨʽʪʴ ʢʦʤʘʥʜʫ More Data Sets- >Grid 2D  ʽ ʟʘʧʦʚʥʽʪʴ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ 

Grid  2D 2 ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ (ʥʝ ʧʨʦʧʫʩʪʽʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʧʦʣ ̔

Function , ʷʢʝ ʧʦʚʠʥʥʦ ʙʫʪʠ Analitic  1( f )  ʘʙʦ All ). 

 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʫ ʜʨʫʛʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʠ ʟʤʽʥʠʣʠ ʽʤ'ʷ. ɼʣʷ ʮʴʦʛʦ ʚ ʨʦʟʜʽʣʽ 

Second parameter  ʚ ʧʦʣʝ name  ʤʠ ʚʚʝʣʠ z. 

  ɺ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ ʛʽʣʢʫ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ 2D Plot Group ʽ ʚ ʥʽʡ 

ʩʪʚʦʨʽʪʴ ʚʫʟʦʣ ʪʠʧʫ Surface. ɺ ʇɺ ʩʪʚʦʨʝʥʦʾ ʛʽʣʢʠ 2D Plot Group 3 ʚ ʩʧʠʩʢʫ 

Data Set ʦʙʝʨʽʪʴ Grid  2D 2. ʋ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Surface 1 ʚ ʧʦʣ ̔

Expression  ʨʦʟʜʽʣʫ Expression  ʚʚʝʜʽʪʴ ʚʠʨʘʟ f ( x,0, z) . 

 

 
ʑʦʙ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʧʦʚʝʨʭʥʽ (ʘ ʥʝ ʩʫʮʽʣʴʥʠʡ ʢʦʣʴʦʨʦʚʠʡ ʛʨʘʬʽʢ) ʜʦ ʚʫʟʣʘ 

Surface 1 ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ Height Expression. ɺ ʡʦʛʦ ʇɺ ʚ ʧʦʣʝ Scale factor  

(ʤʘʩʰʪʘʙʥʠʡ ʤʥʦʞʥʠʢ) ʚʚʝʜʽʪʴ ʦʜʠʥʠʮʶ ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot. ɹʫʜʝ 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ 

 
ɿʘʤʽʩʪʴ ʚʫʟʣʘ Surface 1 ʚ ʛʽʣʢʫ 2D Plot Group 3 ʤʦʞʥʘ ʜʦʜʘʪʠ ʚʫʟʦʣ Contour 1. 

ɼʣʷ ʮʴʦʛʦ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ Surface 1  ̔ʚ ʚʠʧʘʜʥʦʤʫ 

ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Delete ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʚʫʟʣʘ ʘʙʦ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ 
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Disable ʜʣʷ ʡʦʛʦ ʜʝʘʢʪʠʚʘʮʽʾ, ʘ ʧʦʪʽʤ ʜʦʜʘʡʪʝ ʚʫʟʦʣ ʪʠʧʫ Contour. ɺ ʇɺ ʚʫʟʣʘ 

Contour 1 ʚ ʧʦʣʝ Expression  ʨʦʟʜʽʣʫ Expression  ʚʚʝʜʽʪʴ ʧʦʧʝʨʝʜʥʽʡ ʚʠʨʘʟ 

f ( x,0, z), ʚ ʧʦʣʝ Total levels  ʨʦʟʜʽʣʫ Levels  ʚʚʝʜʽʪʴ ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ 20, ʘ ʚ 

ʩʧʠʩʢʫ Contour type   ʨʦʟʜʽʣʫ Coloring and Style  ʚʠʙʝʨʽʪʴ Line . ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ 2 ʟʤʽʥʥʠʭ. 

 
ɼʣʷ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ 3 ʟʤʽʥʥʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

çʧʦʰʘʨʦʚʠʡè (slice) ʛʨʘʬʽʢ (ʛʨʘʬʽʢ ʧʝʨʝʨʽʟʽʚ). ɼʣʷ ʮʴʦʛʦ ʚ ʛʽʣʮ ̔ Data Sets 

ʢʦʤʘʥʜʦʶ ʚʠʧʘʜʥʦʛʦ ʤʝʥʶ More Data Sets- >Grid 3D ʩʪʚʦʨʽʪʴ ʪʨʠʚʠʤʽʨʥʫ 

ʤʥʦʞʠʥʫ ʪʦʯʦʢ Grid 3D (ʪʦʯʥʽʰʝ ʚʫʟʦʣ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ). ɿʘʧʦʚʥʽʪʴ ʡʦʛʦ ʇɺ 

ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ɺ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ ʧʽʜʛʽʣʢʫ 3D Plot Group ʽ ʚ ʥʽʡ ʩʪʚʦʨʽʪʴ ʚʫʟʦʣ ʪʠʧʫ Slice. 

ɺ ʇɺ ʛʽʣʢʠ 3D Plot Group 4 ʚ ʩʧʠʩʢʫ Data Set ʚʠʙʝʨʽʪʴ Grid 3D 3 . ʋ ʚʽʢʥʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Slice 1 ʚ ʧʦʣʝ Expression  ʨʦʟʜʽʣʫ Expression  ʚʚʝʜʽʪʴ 

ʚʠʨʘʟ f ( x, y, z) . ɺ ʨʦʟʜʽʣʽ Plane Data  ʚ ʧʦʣʽ Planes ʚʚʝʜʽʪʴ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʨʽʟʽʚ/ʰʘʨʽʚ, ʥʘʧʨʠʢʣʘʜ, 7. ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʝ 

ʧʦʙʫʜʦʚʘʥʦ ʥʘʩʪʫʧʥʝ ʟʦʙʨʘʞʝʥʥʷ. 
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ʂʦʣʽʨ ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʟʨʽʟʘʭ, ʚʢʘʟʫʻ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ. ʐʢʘʣʘ ʢʦʣʴʦʨʽʚ, 

ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ, ʧʦʢʘʟʘʥʘ ʧʨʘʚʦʨʫʯ ʚʽʜ ʛʨʘʬʽʢʘ. 

  ʊʫ ʞ ʬʫʥʢʮʽʶ 3 ʟʤʽʥʥʠʭ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʧʦ-ʽʥʰʦʤʫ. ʅʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʽʪʴ 

ʱʝ ʛʨʘʬʽʯʥʽ ʛʨʫʧʠ ʽ ʚʫʟʣʠ ʚ ʥʠʭ: 3D Plot Group 5 - Surface, 3D Plot Group 6 - 

Isosurface, 3D Plot Group 7 - Contour. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ f ( x, y, z)  ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʮʠʭ ʛʨʘʬʽʢʘʭ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ 

Surface, Isosurface ʽ Contour). ɺʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʚʫʟʣʽʚ ʤʘʶʪʴ ʧʦʣʝ 

Expression  ʜʣʷ ʚʚʝʜʝʥʥʷ ʚʠʨʘʟʫ f ( x, y, z), ʘ ʇɺ ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʚʫʟʣʽʚ ʤʘʶʪʴ 

ʱʝ ʧʦʣʝ Total Levels ʜʣʷ ʟʘʚʜʘʥʥʷ ʥʘ ʛʨʘʬʽʢʫ ʢʽʣʴʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ/ʣʽʥʽʡ ʨʽʚʥʷ. 

   

ƴ 

ʈʦʟʚôʷʟʦʢ ʽ ʙʫʜʴ-ʷʢʽ ʬʫʥʢʮʽʾ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ. 

ʇʨʠʢʣʘʜ 2. ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ()ñ
-=

x

dexf
0

2

tt
. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʠʤʦ 

ʧʦʨʦʞʥʽʡ ʧʨʦʝʢʪ. ʋ ʥʴʦʤʫ ʩʪʚʦʨʠʤʦ ʘʥʘʣʽʪʠʯʥʫ ʬʫʥʢʮʽʶ () ( )21 exp xxf -= . 

 

 

ɼʘʣʽ ʩʪʚʦʨʠʤʦ ʦʜʥʦʚʠʤʽʨʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ. ɼʣʷ ʮʴʦʛʦ ʫ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʛʽʣʢʠ 

Results - Data Sets ʦʙʠʨʘʻʤʦ ʢʦʤʘʥʜʫ More Data Sets- >Grid 1D ʽ ʟʘʧʦʚʥʶʻʤʦ 

ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Grid 1D ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ . 
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ʉʪʚʦʨʶʻʤʦ ʛʨʫʧʫ ʛʨʘʬʽʢʽʚ 1D Plot Group ʽ ʚ ʥʽʡ ʩʪʚʦʨʶʻʤʦ ʚʫʟʦʣ ʪʠʧʫ Line 

Graph. ɺ ʇɺ ʛʽʣʢʠ 1D Plot Group 1 ʚ ʩʧʠʩʢʫ Data Set ʚʠʙʠʨʘʻʤʦ Grid  1D 1. 

ʋ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Line Graph 1 ʚ ʨʦʟʜʽʣʽ y- Axis Data  ʚ ʧʦʣʽ 

Expression  ʚʚʦʜʠʤʦ ʚʠʨʘʟ integrate ( f 1( v), v,0, x) . 

  ʆʧʝʨʘʪʦʨ integrate ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʩʠʥʪʘʢʩʠʩ 

integrate ( expr ( v), v, v1, v2) , 

ʜʝ  expr ( v)  ʷʚʣʷʻ ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʡ ʚʠʨʘʟ, v ï ʽʤ'ʷ ʟʤʽʥʥʦʾ ʽʥʪʝʛʨʫʚʘʥʥʷ, v1 ʽ v2 

ï ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʤʝʞʘ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʷʢʽ ʥʝ ʟʦʙʦʚ'ʷʟʘʥʽ ʙʫʪʠ ʢʦʥʩʪʘʥʪʘʤʠ. 

  ɺ ʨʦʟʜʽʣʽ x- Axis Data  ʚ ʩʧʠʩʢʫ Parameter  ʚʠʙʠʨʘʻʤʦ Expression , ʽ ʚ 

ʧʦʣʝ Expression  ʚʚʦʜʠʤʦ x. ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʻʤʦ ʩʪʠʣʴ, 

ʢʦʣʽʨ ʽ ʪʦʚʱʠʥʫ ʣʽʥʽʾ. ʅʘʪʠʩʢʘʻʤʦ ʢʥʦʧʢʫ Plot ʽ ʦʪʨʠʤʫʻʤʦ ʛʨʘʬʽʢ, ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʟʣʽʚʘ. 

  ɯʥʪʝʛʨʫʚʘʪʠ ʤʦʞʥʘ ʙʫʜʴ-ʷʢʠʡ ʚʠʨʘʟ, ʘ ʥʝ ʪʽʣʴʢʠ ʩʪʚʦʨʝʥʫ ʟʘʟʜʘʣʝʛʽʜʴ 

ʬʫʥʢʮʽʶ. ʅʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʽʪʴ ʱʝ ʦʜʥʫ ʛʨʘʬʽʯʥʫ ʛʽʣʢʫ 1D Plot Group 2 ʟ ʚʫʟʣʦʤ 

Line Graph 1. ɺ ʇɺ ʛʽʣʢʠ 1D Plot Group 2 ʚ ʩʧʠʩʢʫ Data set  ʚʠʙʝʨʽʪʴ 

Grid  1D 1. ɺ ʇɺ ʡʦʛʦ ʧʽʜʚʫʟʣʘ Line Graph 1 ʚ ʨʦʟʜʽʣʽ y -  Axis Data  ʚ ʧʦʣʽ 

Expressio n  ʚʚʝʜʽʪʴ ʚʠʨʘʟ integrate ( sin ( v*5), v,0, x), ʘ ʚ ʨʦʟʜʽʣʽ x -  Axis 

Data  ʚ ʧʦʣʽ Expression  ʚʚʝʜʽʪʴ x. ʅʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ Plot ʧʦʙʫʜʫʻ ʛʨʘʬʽʢ 

ʬʫʥʢʮʽʾ ( )ñ
x

vdv
0

5sin , ʷʢʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʨʘʚʦʨʫʯ. 

  

ɯʥʪʝʛʨʫʚʘʥʥʷ ʚʠʨʘʟʽʚ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ timeint . 

   ʂʨʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ integrate   ʽ timeint  ʽʩʥʫʶʪʴ ʽʥʰʽ 

ʩʧʦʩʦʙʠ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ. ɺʠ ʧʦʟʥʘʡʦʤʠʪʝʩʷ ʟ ʥʠʤʠ ʧʽʟʥʽʰʝ. 

ƴ 

ɯʥʰʠʡ ʩʧʦʩʽʙ ʟʘʜʘʥʥʷ ʤʥʦʞʠʥʠ ʪʦʯʦʢ, ʥʘ ʷʢʽʡ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ, ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ, ʩʪʚʦʨʝʥʫ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʜʘʯʽ, ʘʙʦ ʩʪʚʦʨʝʥʫ ʩʧʝʮʽʘʣʴʥʦ. 

ʇʨʠʢʣʘʜ 3. ʉʪʚʦʨʠʤʦ ʧʦʨʦʞʥʶ ʤʦʜʝʣʴ. ɺʠʙʝʨʽʪʴ ʧʫʥʢʪ ʤʝʥʶ    File- >New  ʽ ʫ 

ʚʽʜʢʨʠʚʰʦʤʫʩʷ ʚʢ̔ʥʽ ʚʠʙʝʨʽʪʴ ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ (Blank Model ) , 
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ʪʦʙʪʦ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ . ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʥʘʡʚʠʱʦʤʫ 

ʚʫʟʣʫ ʜʝʨʝʚʘ ʤʦʜʝʣʽ (Untitled.mph) ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Add 

Component- >1D. ʎʠʤ ʤʠ ʩʪʚʦʨʶʻʤʦ ʦʜʥʦʚʠʤʽʨʥʫ ʤʦʜʝʣʴ. ɿ'ʷʚʣʷʻʪʴʩʷ ʚʫʟʦʣ 

Component 1 ʽ ʢʽʣʴʢʘ ʡʦʛʦ ʧʽʜʚʫʟʣʽʚ, ʟ ʷʢʠʭ ʥʘʩ ʮʽʢʘʚʣʷʪʴ ʚʫʟʣʠ Geometry 1 ʽ 

Mesh 1. ɺʠʜʽʣʽʪʴ ʚʫʟʦʣ Geometry 1 ʽ ʥʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ ʚʽʜʢʨʠʡʪʝ ʟʘʢʣʘʜʢʫ 

Geometry , ʥʘ ̫ʢʽʡ ʢʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ Interval ʚ ʨʦʟʜʽʣʽ Primitives . 

 
ɺ ʛʽʣʢʫ  Geometry 1 ʜʦʜʘʻʪʴʩʷ ʚʫʟʦʣ Interval  1. ɺ ʡʦʛʦ ʇɺ ʟʘʜʘʡʪʝ ʢʦʦʨʜʠʥʘʪʠ 

ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʚʽʜʨʽʟʢʘ, ʥʘʧʨʠʢʣʘʜ, - 1 ʽ 1. ʑʦʙ ʥʘʤʘʣʶʚʘʪʠ 

ʚʽʜʨʽʟʦʢ, ʢʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ  ʚʛʦʨʽ ʇɺ ʚʫʟʣʘ Interval  1. 

 
ʗʢʱʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʨʽʟʢʘ ʚʠʡʰʣʦ ʟʘ ʤʝʞʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ, ʪʦ ʥʘʪʠʩʥʽʪʴ ʥʘ 

ʢʥʦʧʢʫ Zoom Extents, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ. 

 
ʊʝʧʝʨ ʧʦʙʫʜʫʡʪʝ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ ʥʘ ʮʴʦʤʫ ʚʽʜʨʽʟʢʫ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʜʽʣʽʪʴ ʚʫʟʦʣ Mesh 1 ʽ ʥʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ, ʥʘ ʟʘʢʣʘʜʮʽ Mesh ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ 

Build Mesh. ʋ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʨʽʟʢʘ ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ. 

 

ʂʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʞʠʥʦʶ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɰʭ 

ʟʫʤʦʚʣʝʥʽ ʨʦʟʤʽʨʠ ʚʠʙʠʨʘʶʪʴʩʷ ʚ ʩʧʠʩʢʫ Element Size  ʚʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʫʟʣʘ Mesh 1. 
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ʗʢʱʦ ʚ ʩʧʠʩʢʫ Sequence type ʮʽʻʾ ʇɺ ʚʠʙʨʘʪʠ User - controlled mesh , ʪʦ ʚ 

ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʚ ʚʫʟʣʽ Mesh 1 ʟ'ʷʚʣʷʪʴʩʷ ʜʚʘ ʧʽʜʚʫʟʣʠ Edge 1 ʽ Size. ɺ ʇɺ 

ʦʩʪʘʥʥʴʦʛʦ ʤʦʞʥʘ ʷʚʥʦ ʟʘʜʘʪʠ ʜʦʚʞʠʥʫ ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

 
ɺ ʩʧʠʩʢʫ Sequence type  ʟʘʣʠʰʠʤʦ ʟʥʘʯʝʥʥʷ Physics - controlled mesh , ʘ ʚ 

ʩʧʠʩʢʫ Element Size  ʚʠʙʝʨʝʤʦ ʟʥʘʯʝʥʥʷ Normal . 

  ʆʩʢʽʣʴʢʠ ʚʫʟʣʘ Study ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʥʝʤʘʻ, ʪʦ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ Compute ʥʝʧʦʪʨʽʙʥʦ, ʽ ʤʦʞʥʘ ʚʽʜʨʘʟʫ ʧʝʨʝʡʪʠ ʜʦ ʨʦʙʦʪʠ ʟ 

ʛʣ̔ʢʦʁ ʨʝʟʫʣʴʪʘʪʽʚ Results. 

  ɺ ʛʽʣʢʫ ʜʘʥʠʭ Data Sets ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʜʦʜʘʤʦ ʚʫʟʦʣ, ʷʢʠʡ ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʰʦʾ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ 

ʩʽʪʢʠ. ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʧʦ ʚʫʟʣʫ Data Sets ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ 

ʦʙʝʨʽʪʴ Mesh. ɺ ʇɺ ʚʫʟʣʘ Mesh 1, ʱʦ ʟôʷʚʠʚʩʷ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ, ʚ ʩʧʠʩʢʫ Mesh 

ʚʠʙʝʨʽʪʴ Mesh 1. ʗʢʙʠ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʢʽʣʴʢʘ ʩʽʪʦʢ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʪʦ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʙʨʘʪʠ ʙʫʜʴ-ʷʢʫ ʟ ʥʠʭ. ʇʝʨʝʡʤʝʥʫʡʪʝ ʚʫʟʦʣ 

Mesh 1, ʥʘʜʨʫʢʫʚʘʚʰʠ ʚ ʧʦʣ ̔Label  ʪʝʢʩʪ DataMesh . 

  ʊʝʧʝʨ ʚ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ 1D Plot Group ʟ ʚʫʟʣʦʤ ʪʠʧʫ 

Line Graph. ʋ ʩʧʠʩʢʫ Data set  ʇɺ ʚʫʟʣʘ 1D Plot Group 1 ʚʠʙʝʨʽʪʴ ʽʤ'ʷ 

DataMesh, ʘ ʚ ʩʧʠʩʢʫ Data set ʇɺ ʚʫʟʣʘ Line Graph 1 ʚʠʙʝʨʽʪʴ From parent . 

ɺ ʇɺ ʚʫʟʣʘ Line Graph 1 ʚ ʩʧʠʩʢʫ Selection   ʚʠʙʝʨʽʪʴ All domains  ʘʙʦ, ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ, ʚʠʙʝʨ̔ ʪʴ Manual  ʽ ʜʦʜʘʡʪʝ ʥ̔ʜʠʢʘʪʦʨ ʚʽʜʨʽʟʢʘ, ʢʣʘʮʥʫʚʰʠ ʚ 

ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʧʦ ʚʽʜʨʽʟʢʫ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ. 

  ɼʘʣʽ ʯʠʥʠʤʦ ʪʘʢ ʩʘʤʦ, ʷʢ ʧʨʠ ʧʦʙʫʜʦʚʽ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʚ 

ʧʨʠʢʣʘʜʽ 1. ʋ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʘ Line Graph 1 ʚ ʨʦʟʜʽʣʽ y- Axis Data  ʚ 

ʧʦʣʽ Expression  ʚʚʦʜʠʤʦ ʚʠʨʘʟ, ʥʘʧʨʠʢʣʘʜ sin ( pi * x). ɺ ʨʦʟʜʽʣʽ x- Axis Data  

ʚ ʩʧʠʩʢʫ Parameter  ʚʠʙʠʨʘʻʤʦ Expression , ʽ ʚ ʧʦʣʝ Expression  ʚʚʦʜʠʤʦ x. ɺ 

ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʻʤʦ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʪʦʚʱʠʥʫ ʛʨʘʬʽʢʘ, ʽ 
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ʥʘʪʠʩʢʘʻʤʦ ʥʘ ʢʥʦʧʢʫ Plot. ɺ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ, 

ʧʦʙʫʜʦʚʘʥʠʡ ʧʦ ʚʫʟʣʘʭ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ. ʑʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʪʝ, 

ʱʦ ʛʨʘʬʽʢ ʙʫʜʫʻʪʴʩʷ ʧʦ ʚʫʟʣʘʭ, ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ çʛʨʫʙʫè ʩʽʪʢʫ (ʫ ʚʘʩ ʛʨʘʬʽʢ 

ʧʦʚʠʥʝʥ ʚʠʡʪʠ ʙʽʣʴʰ ʛʣʘʜʢʠʤ). 

 

ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʧʦʚʝʨʭʦʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ: 

¶ ʩʪʚʦʨʶʻʪʴʩʷ ʤʦʜʝʣʴ ʨʦʟʤʽʨʥʦʩʪʽ 2D; 

¶ ʫ ʚʫʟʣʽ Geometry ʩʪʚʦʨʶʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʘ ʦʙʣʘʩʪʴ; 

¶ ʚ ʦʙʣʘʩʪʽ ʙʫʜʫʻʪʴʩʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ (ʉʢɽ) ʩʽʪʢʘ; 

¶ ʚ ʛʽʣʮʽ Data Sets ʩʪʚʦʨʶʻʪʴʩʷ Mesh ʚʫʟʦʣ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʉʢɽ ʩʽʪʢʦʶ; 

¶ ʩʪʚʦʨʶʻʪʴʩʷ ʛʨʫʧʘ ʜʚʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʟʦʣ 

Data Sets- Mesh ʷʢ ʜʞʝʨʝʣʦ ʜʘʥʠʭ; 

¶ ʜʦʜʘʻʪʴʩʷ ʚʫʟʦʣ ʢʦʥʢʨʝʪʥʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʪʠʧʫ, ʚ ʧʦʣʝ Expression  ʷʢʦʛʦ 

ʚʚʦʜʠʪʴʩʷ ʙʘʞʘʥʠʡ ʚʠʨʘʟ. 

ɿʘʤʽʩʪʴ ʢʨʦʢʽʚ 2 ʽ 3 (ʩʪʚʦʨʝʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʦʙʣʘʩʪʽ ʽ ʧʦʙʫʜʦʚʠ ʚ ʥʽʡ ʉʢɽ ʩʽʪʢʠ) 

ʽʥʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid  2D. 

ʇʨʠʢʣʘʜ 4. ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʥʘʜ ʦʙʣʘʩʪʶ ʫ ʚʠʛʣʷʜʽ 

çʩʢʦʙʠè . 

  ʉʪʚʦʨʽʪʴ ʧʦʨʦʞʥʶ ʤʦʜʝʣʴ. ɺʠʙʝʨ̔ ʪʴ ʧʫʥʢʪ ʤʝʥʶ File- >New ʽ ʫ 

ʚʽʜʢʨʠʚʰʦʤʫʩʷ ʚʽʢʥ ̔ʚʠʙʝʨ̔ ʪʴ ʩʪʚʦʨʝʥʥʷ Blank Model  ʤʦʜʝʣʽ.  

  ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʥʘʡʚʠʱʦʤʫ ʚʫʟʣʫ ʜʝʨʝʚʘ ʤʦʜʝʣʽ 

(Untitled.mph) ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Add Component- >2D. 

ɿ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Component 1 ʽ ʢʽʣʴʢʘ ʡʦʛʦ ʧʽʜʚʫʟʣʽʚ, ʟ ʷʢʠʭ ʥʘʩ ʮʽʢʘʚʣʷʪʴ ʚʫʟʣʠ 

Geometry 1 ʽ Mesh 1. ɺʠʜʽʣʽʪʴ ʚʫʟʦʣ Geometry 1, ʥʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ ʚʽʜʢʨʠʡʪʝ 

ʟʘʢʣʘʜʢʫ Geometry ʽ ʥʘ ʥʽʡ ʢʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ Rectangle. ʋ ʚʠʧʘʜʥʦʤʫ ʩʧʠʩʢʫ 

ʚʠʙʝʨʽʪʴ Rectangle (Center) ʽ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʤʠʰʝʶ ʥʘʤʘʣʶʡʪʝ 

ʧʨʷʤʦʢʫʪʥʠʢ ʧʨʠʙʣʠʟʥʦ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʥʷ ʽ ʨʦʟʤʽʨʫ, ʷʢ ʚʠ ʙʘʞʘʻʪʝ. ɺ ʇɺ ʚʫʟʣʘ 

Rectangle 1 ʧʽʜʧʨʘʚʪʝ (ʷʢʱʦ ʪʨʝʙʘ) ʧʘʨʘʤʝʪʨʠ ʧʨʷʤʦʢʫʪʥʠʢʘ: ʟʘʜʘʡʪʝ ʨʦʟʤʽʨʠ 

Width  = 1.8 , Height  = 0.4   ʽ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ x = - 0.1 , y = 0.1 .   

 

 



31 

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦʜʘʡʪʝ ʱʝ ʜʚʘ ʧʨʷʤʦʢʫʪʥʠʢʘ. ɺ ʇɺ ʚʫʟʣʘ Rectangle 2 ʚʚʝʜʽʪʴ 

Width  = 0.4 , Height  = 0.8 , x = - 0.8 , y = 0.4 . ɺ ʇɺ ʚʫʟʣʘ Rectangle 3 ʚʚʝʜʽʪʴ 

Width  = 0.4 , Height  = 0.8 , x = 0.6 , y = 0.4 . 

  ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʢʨʦʮʽ ʦʙ'ʻʜʥʘʡʪʝ ʧʨʷʤʦʢʫʪʥʠʢʠ ʚ ʻʜʠʥʫ ʦʙʣʘʩʪʴ, ʜʦʜʘʚʰʠ 

ʚʫʟʦʣ ʪʠʧʫ Union. ɼʣʷ ʮʴʦʛʦ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ 

Geometry 1 ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Booleans and Partitions-

Union. ɿ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Union 1. ɸʢʪʠʚʽʟʫʡʪʝ ʡʦʛʦ ʽ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʧʦ ʯʝʨʟʽ 

ʢʣʘʮʥʽʪʴ ʤʠʰʝʶ ʧʦ ʢʦʞʥʦʤʫ ʟ ʪʨʴʦʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ɿʥʽʤʽʪʴ ʧʝʨʝʤʠʢʘʯ Keep 
interior boundaries  ʽ ʚʛʦʨʽ ʇɺ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Build All Objects. 

 
 

 

ɺ ʛʨʘʬʽʯʥʽʡ ʟʦʥʽ ʟ'ʷʚʠʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ ʚ ʬʦʨʤʽ ʩʢʦʙʠ. ʅʘ ʟʘʢʣʘʜʮʽ Mesh  

ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Build Mesh, ʽ ʚ ʦʙʣʘʩʪʽ ʟ'ʷʚʠʪʴʩʷ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ. ɺ 

ʛʽʣʢʫ ʜʘʥʠʭ Data Sets ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʜʦʜʘʡʪʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʷʢʝ ʙʫʜʝ 

ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʽʪʢʫ. ɼʣʷ ʮʴʦʛʦ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ Data 

Sets ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʦʙʝʨʽʪʴ Mesh. ɺ ʇɺ ʚʫʟʣʘ Mesh 1 ʚ ʩʧʠʩʢʫ Mesh  

ʚʠʙʝʨʽʪʴ Mesh 1 . 

  ɺ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ  ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ 2D Plot Group ʟ ʧʽʜʚʫʟʣʦʤ ʪʠʧʫ 

Surface. ɺ ʩʧʠʩʢʫ Data set  ʇɺ ʛʽʣʢʠ 2D Plot Group 1 ʚʠʙʝʨʽʪʴ Mesh 1, ʘ ʚ 

ʩʧʠʩʢʫ Data set  ʇɺ ʚʫʟʣʘ Surface 1 ʚʠʙʝʨʽʪʴ From parent . ɼʘʣʽ, ʚ ʇɺ ʚʫʟʣʘ 

Surface 1 ʚ ʨʦʟʜʽʣʽ Expression  ʚ ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ ʚʠʨʘʟ, ʛʨʘʬʽʢ ʷʢʦʛʦ 

ʙʘʞʘʻʪʝ ʧʦʙʫʜʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, x^2+y^2 . ʅʘʪʠʩʥʽʪʴ ʥʘ ʢʥʦʧʢʫ Plot  ʽ 

ʦʪʨʠʤʘʡʪʝ ʥʘʩʪʫʧʥʝ ʟʦʙʨʘʞʝʥʥʷ. 

 
ʑʦʙ ʧʦʙʘʯʠʪʠ ʛʨʘʬʽʢ ʧʦʚʝʨʭʥʽ  ʚ ʚʫʟʦʣ Surface 1 ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ ʪʠʧʫ Height 

Expression. 
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ɯʥʢʦʣʠ ʚ ʧʦʣʷʭ Expression  ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ çʢʫʩʢʦʚʽè ʚʠʨʘʟʠ. ɺ 

Comsol Multiphysics ʾʭ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʚ ʩʪʠʣʽ Matlab. ʗʢʱʦ ʣʦʛʽʯʥʠʡ ʚʠʨʘʟ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤʫʣʽ, ʪʦ ʚʽʥ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ +1, ʷʢʱʦ ʫʤʦʚʘ 

ʽʩʪʠʥʥʘ, ʘʙʦ ʷʢ 0 ï ʷʢʱʦ ʫʤʦʚʘ ʭʠʙʥʘ. ʅʘʧʨʠʢʣʘʜ, ʚʠʨʘʟ 
í
ì
ë

>

¢

0,

0,0

2 xx

x
 ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ( ) 20 xx *> . ʊʘʢʦʞ ʮʝ ʤʦʞʥʘ  ʟʘʧʠʩʘʪʠ ʷʢ )0,,0(if 2xx> . 

ʗʢʱʦ ʣʦʛʽʯʥʠʡ ʚʠʨʘʟ ʚ ʧʝʨʦhʤʫ ʘʨʛʫʤʝʥʪ ̔ʦʧʝʨʘʪʦʨʘ if (...)  ʽʩʪʠʥʥʠʡ, ʪʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʚʠʨʘʟ ʚ ʜʨʫʛʦʤʫ ʘʨʛʫʤʝʥʪʽ, ʽʥʘʢʰʝ ʦʙʯʠʩʣʶʻʪʴʩʷ ʪʨʝʪʽʡ 

ʘʨʛʫʤʝʥʪ.  

ʇʨʠʢʣʘʜ 5. ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʧʦʚʝʨʭʥʽ ʧʽʚʩʬʝʨʠ, ʷʢʘ ʟʘʜʘʥʘ ʚʠʨʘʟʦʤ 
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ɿʚʠʯʘʡʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣʠ 221 yxz --=
 
ʙʫʜʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʧʦʤʠʣʢʠ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʜʝʷʢʠʭ ( )yx,  ʧʽʜʢʦʨʝʥʝʚʠʡ ʚʠʨʘʟ ʙʫʜʝ ʚʽʜ'ʻʤʥʠʤ. ɺ COMSOL 

Multiphysics ʥʘʰ ʚʠʨʘʟ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
sqrt((x̂ 2+ŷ 2<1)*(1 - x^2 - y^2)) ,  

ʘʙʦ ʫ ʚʠʛʣʷʜʽ 

if(x̂ 2+y^2<1,sqrt(1 - x^2 - y^2),0) . 

ʉʪʚʦʨʽʪʴ ʧʦʨʦʞʥʶ ʤʦʜʝʣʴ. ɺʠʙʝʨʽʪʴ ʧʫʥʢʪ ʤʝʥʶ File- >New ʽ ʫ ʚʽʜʢʨʠʚʰʦʤʫʩʷ 

ʚʽʢʥʽ ʚʠʙʝʨʽʪʴ ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ (Blank Model ). 

  ʉʪʚʦʨʽʪʴ ʛʣʦʙʘʣʴʥʫ ʬʫʥʢʮʽʶ ( )1, =yxf . ʎʝ ʬʫʥʢʮʽʷ çʟʘʛʣʫʰʢʘè, ʚʦʥʘ ʥʝ 

ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʘʣʝ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʶʚʘʥʥʷ ʜʞʝʨʝʣ ʜʘʥʠʭ 

Grid   ʚ ʬʘʡʣʽ ʤʦʜʝʣʽ ʤʘʻ ʙʫʪʠ ʧʨʠʩʫʪʥʷ ʧʨʠʥʘʡʤʥʽ ʦʜʥʘ ʛʣʦʙʘʣʴʥʘ ʬʫʥʢʮʽʷ. 

ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ ʜʝʨʝʚʘ ʤʦʜʝʣʽ Global Definitions ʽ 

ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Functions- >Analytic. ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ ʚ ʧʦʣʝ Function 

name  ʚʚʝʜʽʪʴ ʽʤ'ʷ ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, f. ɺ ʧʦʣʽ Arguments  ʯʝʨʝʟ ʢʦʤʫ 

ʧʝʨʝʣʽʯʽʪʴ ʽʤʝʥʘ ʘʨʛʫʤʝʥʪʽʚ ʬʫʥʢʮʽʾ x, y. ɺ ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ 1. 

  ɺ ʛʽʣʢʫ Results - Data Sets ʜʦʜʘʡʪʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid 2D 1. ɼʣʷ ʮʴʦʛʦ 

ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ Data Sets ̔  ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ 

ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ More Data Sets - Grid 2D. ɺ ʇɺ ʟ'ʷʚʠʚʰʝʛʦʩʷ ʚʫʟʣʘ Grid 2D 1 

ʚ ̫ʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʚ ʩʧʠʩʢʫ Source ʦʙʝʨʽʪʴ Function , ʚ ʩʧʠʩʢʫ Function  

ʚʠʙʝʨʽʪʴ All . ʇʦʪʽʤ ʟʘʜʘʡʪʝ ʜʽʘʧʘʟʦʥʠ, ʷʢʠʤ ʙʫʜʫʪʴ ʥʘʣʝʞʘʪʠ ʟʤʽʥʥʽ x  ̔  y . 
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ɺ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ ʚʫʟʦʣ 2D Plot Group 1 ʟ ʧʽʜʚʫʟʣʦʤ Surface 1. ʋ ʩʧʠʩʢʫ 

Data set  ʇɺ ʚʫʟʣʘ 2D Plot Group 1 ʦʙʝʨʽʪʴ Grid 2D 1 , ʘ ʚ ʩʧʠʩʢʫ Data set   

ʇɺ ʚʫʟʣʘ Surface 1 ʚʠʙʝʨʽʪʴ From parent . ɺ ʇɺ ʚʫʟʣʘ Surface 1 ʚ ʨʦʟʜʽʣʽ 

Expression  ʚ ʧʦʣʝ Expression  ʚʚʝʜʽʪʴ ʚʠʨʘʟ  

        sqrt (( x^2+y^2<1)*(1 - x^2- y^2)) ,   

ʘʙʦ ʚʠʨʘʟ if(x^2+ŷ 2<1,sqrt(1 - x^2 - y^2),0)).  

  ɺʫʟʣʫ Surface 1 ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ ʪʠʧʫ Height Expression, ʚ ʇɺ ʷʢʦʛʦ ʚ 

ʧʦʣʝ Scale factor  ʚʚʝʜʽʪʴ ʦʜʠʥʠʮʶ, ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʠʚʰʠ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʨʘʧʦʨʝʮʴ. 

  

ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot ʽ ʦʪʨʠʤʘʡʪʝ ʥʘʩʪʫʧʥʝ ʟʦʙʨʘʞʝʥʥʷ. 

 
ƴ 

ʆʩʦʙʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ Comsol Multiphysics ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʛʨʘʬʽʯʥʽ ʚʫʟʣʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʚ'ʷʟʘʥʽ ʜʦ ʧʝʚʥʦʛʦ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ (Data set ). ɰʭ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʰʪʫʯʥʦ ʪʘʢ, ʷʢ ʤʠ ʮʝ ʨʦʙʠʣʠ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʧʨʠʢʣʘʜʘʭ, ʘʙʦ ʨʦʟʚôʷʟʘʪʠ ʷʢʫ-ʥʝʙʫʜʴ ʟʘʜʘʯʫ ʽ ʾʾ ʨʦʟʚôʷʟʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʣʷ ʛʨʘʬʽʢʽʚ. 

ʇʨʠʢʣʘʜ 6. ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʪʨʠʚʠʤʽʨʥʦʾ ʢʨʠʚʦʾ, ʥʘʧʨʠʢʣʘʜ, ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ 

(ʩʧʽʨʘʣʽ) ʟ ʨʽʚʥʷʥʥʷʤ 8/,sin,cos tztytx === . ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʠʤʦ 

ʪʨʠʚʠʤʽʨʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʟ̔ ʟʤʽʥʥʠʤ u,v, w, ʷʢʽ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ 

ʟʤ̔ʥʥʦʾ ʯʘʩʫ t  ʧʦ ʟʘʟʥʘʯʝʥʠʤ ʬʦʨʤʫʣʘʤ. ʇʨʠʚ'ʷʟʫʶʯʠʩʴ ʜʦ  ʮʠʭ ʟʤʽʥʥʠʭ, ʤʠ 

ʧʦʙʫʜʫʻʤʦ ʢʨʠʚʫ. 
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  ɺʠʙʝʨʽʪʴ ʧʫʥʢʪ ʤʝʥʶ File - > New ʽ ʫ ʚʽʜʢʨʠʚʰʦʤʫʩʷ ʚʽʢʥʽ ʚʠʙʝʨʽʪʴ 

ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ (Blank Model ).  

  ɺ ʇɺ ʢʦʨʝʥʝʚʦʛʦ ʚʫʟʣʘ Untitled.mph (root) ʚ ʩʧʠʩʢʫ Unit  system   

ʚʽʜʢʣʶʯʽʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʦʜʠʥʠʮʴ, ʚʠʙʨʘʚʰʠ ʟʽ ʩʧʠʩʢʫ ʟʥʘʯʝʥʥʷ None. 

 
ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʥʘʡʚʠʱʦʤʫ ʚʫʟʣʫ ʜʝʨʝʚʘ ʤʦʜʝʣʽ 

(Untitled.mph (root)) ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Add Component- > 

3D. ɿ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Component 1 ʽ ʢʽʣʴʢʘ ʡʦʛʦ ʧʽʜʚʫʟʣʽʚ, ʟ ʷʢʠʭ ʥʘʩ ʮʽʢʘʚʠʪʴ 

ʚʫʟʦʣ Definitions. ʂʣʘʮʥʽʪʴ ʧʦ ʥʴʦʤʫ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ ʟ ʚʠʧʘʜʥʦʛʦ ʤʝʥʶ 

ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Variables. ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Variables 1 ʟʥʘʭʦʜʠʪʴʩʷ 

ʪʘʙʣʠʮʷ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʜʘʥʥʷ ʟʤʽʥʥʠʭ. ɿʘʧʦʚʥʽʪʴ ʾʾ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ. 

 
 

ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʢʦʨʝʥʝʚʦʤʫ (ʥʘʡʚʠʱʦʤʫ) ʚʫʟʣʫ ʜʝʨʝʚʘ 

ʤʦʜʝʣʽ (Untitled.mph (root)) ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Add Study. 

ʉʠʩʪʝʤʘ ʚʽʜʢʨʠʻ ʚʽʢʥʦ ʚʠʙʦʨʫ ʪʠʧʫ ʦʙʯʠʩʣʝʥʥʷ (Add Study ).  

 
ɺʠʢʦʥʘʡʪʝ ʧʦʜʚʽʡʥʝ ʢʣʘʮʘʥʥʷ ʧʦ ʨʷʜʢʫ Time Dependent , ʷʢʠʡ ʦʟʥʘʯʘʻ, ʱʦ 

ʟʤʽʥʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ. ɿʘʢʨʠʡʪʝ ʚʽʢʥʦ ʭʨʝʩʪʠʢʦʤ ʚ ʧʨʘʚʦʤʫ 

ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ. ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʟ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Study 1.  

  ɺ ʇɺ ʚʫʟʣʘ Study 1 - Step 1: Time Dependent ʚ ʧʦʣʽ Times ʟʘʜʘʡʪʝ 
ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ t. ʌʫʥʢʮʽʷ range (0,0.1,20)  ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ t, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0 ʜʦ 20 ʟ ʢʨʦʢʦʤ 0.1 . ʅʠʞʯʝ ʚ ʧʦʣʽ Relative 
Tolerance  ʤʦʞʥʘ ʟʘʜʘʪʠ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ. 

 

 
ʅʘ ʟʘʢʣʘʜʮʽ Home ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ . ʆʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ ʙʫʜʝ 

ʚʠʢʦʥʘʥʦ ʽ ʚ ʛʽʣʮʽ Results - Data Sets ʟ'ʷʚʠʪʴʩʷ  ʚʫʟʦʣ ʜʞʝʨʝʣʘ ʜʘʥʠʭ 

Study 1/Solution 1. ʑʦʙ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ, ʚ ʛʽʣʢʫ Results 

ʜʦʜʘʡʪʝ ʚʫʟʦʣ ʪʨʠʚʠʤʽʨʥʦʾ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ. ɼʣʷ ʮʴʦʛʦ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ 
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ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ Results ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʦʙʝʨʽʪʴ ʢʦʤʘʥʜʫ 3D Plot 

Group. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ 3D Plot Group 1 ʚ ʩʧʠʩʢʫ 

Data set  ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʨʘʥʦ Study  1/Solution 1 , ʪʦʙʪʦ ʥʦʚʘ ʛʨʘʬʽʯʥʘ ʛʨʫʧʘ 

ʧʨʠʚ'ʷʟʘʥʘ ʜʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʟʚôʷʟʢʦʤ ʤʦʜʝʣʽ. ʇʝʨʝʚʽʨʪʝ, ʱʦ 

ʚ ʧʦʣʽ Time (s) ʩʪʦʾʪʴ ʯʠʩʣʦ 20 ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʽʟ ʟʘʜʘʥʦʛʦ ʥʘʤʠ 

ʜʽʘʧʘʟʦʥʫ. ʂʣʘʮʥʫʚʰʠ ʧʦ ʚʫʟʣʫ 3D Plot Group 1 ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ, 

ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ More Plots - Point Trajectories. ɿ'ʷʚʠʪʴʩʷ ʧʽʜʚʫʟʦʣ Point 

Trajectories 1. ɺ ʡʦʛʦ ʇɺ ʚ ʧʦʣʷ x-expression , y-expression , z-expression  

ʚʚʝʜʽʪʴ u,v,w . ʊʘʢʦʞ ʚ ʮʽʡ ʇɺ ʚ ʨʦʟʜʽʣʽ Coloring  and Style  ʟʘʜʘʡʪʝ 

ʧʘʨʘʤʝʪʨʠ ʟʦʙʨʘʞʝʥʥʷ ʢʨʠʚʦʾ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ (ʧʦʢʘʟʘʥʽ ʪʽʣʴʢʠ ʜʝʷʢʽ 

ʨʦʟʜʽʣʠ ʚʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ). 

 

 

 

 
ʂʣʘʮʘʥʥʷ ʧʦ ʢʥʦʧʮʽ Plot ʚʛʦʨʽ ʇɺ ʚʫʟʣʘ Point Trajectories 1 ʙʫʜʫʻ ʢʨʠʚʫ. 

 
ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʠʭ ʥʝʦʙʦʚôʷʟʢʦʚʦ ʩʪʚʦʨʶʚʘʪʠ ʟʤʽʥʥʽ ʤʦʜʝʣʽ. ʄʦʞʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʦʣʷʭ ʚʠʨʘʟʽʚ ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʽʚ ʚʚʦʜʠʪʠ ʬʦʨʤʫʣʠ. ʅʘʧʨʠʢʣʘʜ, 

ʜʦʜʘʤʦ ʱʝ ʦʜʠʥ ʚʫʟʦʣ 3D Plot Group 2. ɺ ʡʦʛʦ ʇɺ ʚ ʩʧʠʩʢʫ Data Set ʟʥʦʚʫ 
ʚʠʙʝʨʽʪʴ Study 1/ Solution 1 . ɼʦʜʘʡʪʝ ʚ 3D Plot Group 2 ʧʽʜʚʫʟʦʣ Point 

Trajectories 1. ɺ ʡʦʛʦ ʇɺ ʚ ʨʦʟʜʽʣʽ Trajectory Data  ʚʚʝʜʽʪʴ ʪʘʢʽ ʚʠʨʘʟʠ 
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ʂʣʘʮʘʥʥʷ ʧʦ ʢʥʦʧʮʽ Plot ʚʛʦʨʽ ʇɺ ʚʫʟʣʘ Point Trajectories 1 ʧʦʙʫʜʫʻ 

ʧʨʦʩʪʦʨʦʚʫ ʢʨʠʚʫ, ʥʝ ʧʦʚ'ʷʟʘʥʫ ʟʽ ʟʤʽʥʥʠʤʠ u, v, w. ʇʨʠʚ'ʷʟʢʘ ʽʩʥʫʻ ʪʽʣʴʢʠ ʜʦ 

ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ t, ʷʢʠʡ ʟʘʜʘʥʠʡ ʥʘʤʠ ʨʘʥʽʰʝ ʫ ʚʠʛʣʷʜʽ 

range (0,0.1,20) . 

 
ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʚʠ ʙʘʞʘʻʪʝ ʥʘʜʨʫʢʫʚʘʪʠ ʪʘʙʣʠʮʶ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ u ʽ v. 

ɼʣʷ ʮʴʦʛʦ ʧʨʠʟʥʘʯʝʥ ̔ʧʽʜʚʫʟʣʠ ʛʽʣʢʠ Derived Values. ʂʣʘʮʥʽʪʴ ʧʦ ʚʫʟʣʫ Derived 

Values ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʦʙʝʨʽʪʴ Global Evaluation. ɺ 

ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Derived Values - Global Evaluation 1 ʚ  ʧʠʩʢʫ Time 
selection  ʚʠʙʝʨʽʪʴ Manual, ʽ ʚ ʧʦʣʽ Times (s) (1-201) ʟʘʜʘʡʪʝ ʩʧʠʩʦʢ ʥʦʤʝʨʽʚ 
ʤʦʤʝʥʪʽʚ ʯʘʩʫ (ʥʝ ʩʘʤʽ ʤʦʤʝʥʪʠ), ʷʢʽ ʙʘʞʘʻʪʝ ʚʠʢʦʨʠʩʪʘʪʠ, ʥʘʧʨʠʢʣʘʜ, 

range (1,20,201) . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʠʙʠʨʘʻʪʴʩʷ ʢʦʞʝʥ ʜʚʘʜʮʷʪʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

 

 
ʂʥʦʧʢʦʶ Evaluate, ʨʦʟʪʘʰʦʚʘʥʦʶ ʚʛʦʨʽ ʇɺ, ʧʦʙʫʜʫʡʪʝ ʪʘʙʣʠʮʶ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʜʚʘ ʩʪʦʚʧʮʽ: ʤʦʤʝʥʪʠ ʯʘʩʫ ʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ u. ʑʦʙ ʜʦʜʘʪʠ ʚ ʪʘʙʣʠʮʶ 

ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ ʟʤʽʥʥʦʾ, ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʩʭʦʞʠʡ ʚʫʟʦʣ ʜʣʷ ʟʤʽʥʥʦʾ v. 

ʂʣʘʮʥʽʪʴ ʧʦ ʚʫʟʣʫ Derived Values ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ 

ʦʙʝʨʽʪʴ Global Evaluation. ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʧʽʜʚʫʟʣʘ  Derived Values - Global 

Evaluation 2 ʚ ʧʦʣʽ Expression  ʚʚʝʜʽʪʴ v, ʽ ʚ ʢʥʦʧʮʽ-ʩʧʠʩʢʫ Evaluate ʦʙʝʨʽʪʴ 

ʽʤôʷ ʚʞʝ ʩʪʚʦʨʝʥʦ ʾʪʘʙʣʠʮ ̔Table 1 - Global Evaluation  1. ɼʽʘʧʘʟʦʥ ʤʦʤʝʥʪʽʚ 
ʯʘʩʫ ʤʦʞʥʘ ʥʝ ʟʘʜʘʚʘʪʠ (ʚʽʥ ʙʫʜʝ ʚʟʷʪʠʡ ʟ ʪʘʙʣʠʮʽ). 
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ʇʦ ʪʘʙʣʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ. ʂʥʦʧʢʘ Table Graph, ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʪʘʙʣʠʮʝʶ, ʩʪʚʦʨʠʪʴ ʦʜʥʦʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʽ ʧʦʙʫʜʫʻ 

ʛʨʘʬʽʢʠ ʢʨʠʚʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʚ ʩʪʦʚʧʮʷʭ ʮʽʻʾ ʪʘʙʣʠʮʽ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʰʠʡ 

ʩʪʦʚʧʝʮʴ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʷʢʦʩʪʽ ʘʙʩʮʠʩ ʚʝʨʰʠʥ ʣʘʤʘʥʠʭ. 

 
ɿʘʫʚʘʞʝʥʥʷ. ʅʝ ʥʘʟʠʚʘʡʪʝ ʟʤʽʥʥʽ ʪʘ ʰʫʢʘʥʽ ʬʫʥʢʮʽʾ ʽʤʝʥʘʤʠ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʥʘʟʚʘʤʠ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. ʅʘʧʨʠʢʣʘʜ, ʚ ʧʦʪʦʯʥʦʤʫ ʧʨʠʢʣʘʜʽ ʚ ʪʘʙʣʠʮʽ 

ʟʤʽʥʥʠʭ Variables ʥʝ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʪʝʨʠ x, y, z  ʚ ʷʢʦʩʪʽ ʽʤʝʥ 

ʟʤʽʥʥʠʭ (ʤʠ ʟʘʩʪʦʩʫʚʘʣʠ ʽʤʝʥʘ u, v, w ). ɯʥʘʢʰʝ ʜʝʷʢʽ ʟ ʧʦʙʫʜʦʚ ʥʝ 

ʧʨʘʮʶʚʘʪʠʤʫʪʴ. ʇʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʧʦʤʠʣʢʠ ʤʦʞʝ ʥʝ ʙʫʪʠ, ʘʣʝ ʛʨʘʬʽʢʠ 

ʥʝʤʘʣʶʚʘʪʠʤʫʪʴʩʷ. 

ɺʧʨʘʚʘ 1. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚ ʘʨʠʬʤʝʪʠʯʥʦʤʫ ʚʠʨʘʟʽ, ʧʦʙʫʜʫʡʪʝ 

ʚ ʦʙʣʘʩʪ ̔ 33,33 ¢¢-¢¢- yx  ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ 
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ɺ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʘʭ Comsol ʬʫʥʢʮʽʷ x  ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ sqrt(x) , ʘ ||x  ʷʢ 

abs(x) . ʃʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ  ɯ  ʪʘ  ɸɹʆ ʧʦʟʥʘʯʘʶʪʴʩʷ && ʪʘ || . ʅʘʧʨʠʢʣʘʜ, 

ʧʦʜʚʽʡʥʘ ʥʝʨʽʚʥʽʩʪʴ 21 <<x  ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ  1<x && x<2. 

ɺʧʨʘʚʘ 2. ɻʨʘʬʽʯʥʦ ʟʦʙʨʘʟʠʪʠ ʜʚʦʚʠʤʽʨʥʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʧʦʣʝ.  

  ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʷʤʦ ʾ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʜʦ ʧʣʦʱʠʥʽ z=0, 

ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ ( )00, yx , ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ 0q ï ʣʽʥʽʡʥʘ ʛʫʩʪʠʥʘ ʟʘʨʷʜʫ ʫʟʜʦʚʞ ʧʨʷʤʦʾ. ʇʦʪʝʥʮʽʘʣ ʧʦʣʷ n ʧʨʷʤʠʭ 

ʚʥʘʩʣʽʜʦʢ ʩʫʧʝʨʧʦʟʠʮʽʾ ʩʠʣʦʚʠʭ ʧʦʣʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ ( )ä
=

=
n

i 1

, iprjj . 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʚʠʤʽʨʥʦʛʦ ʩʫʮʽʣʴʥʦʛʦ ʪʘ ʣʽʥʽʡʥʦʛʦ ʢʦʥʪʫʨʥʦʛʦ ʛʨʘʬʽʢʽʚ 

ʧʦʙʫʜʫʚʘʪʠ ʧʦʣʝ ʪʨʴʦʭ ʪʦʯʢʦʚʠʭ ʟʘʨ̫ʜʽʚ 1,1,1 321 -=== qqq , ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ 

ʪʦʯʢʘʭ ( )( )( )1,0,0,1,0,1 - . 

 
ɼʣʷ ʚʠʨʘʟʫ ( )0,prj  ʩʪʚʦʨʽʪʴ ʬʫʥʢʮʽʶ. ʅʘʪʫʨʘʣʴʥʠʡ ʣʦʛʘʨʠʬʤ xln  ʚ Comsol 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ log ( x) . 

  ʑʦʙ ʦʪʨʠʤʘʪʠ ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ ʨʠʩʫʥʦʢ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʫʮʽʣʴʥʦʛʦ 

ʢʦʥʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ ʦʙʤʝʞʪʝ ʟʚʝʨʭʫ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʢʦʣʴʦʨʽʚ, ʘ ʜʣʷ 

ʢʦʥʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ ʧʽʜʙʝʨʽʪʴ ʟʥʘʯʝʥʥʷ ʣʽʥʽʡ ʨʽʚʥʷ ʧʦʪʝʥʮʽʘʣʫ. 

 

 

1.4. ʊʝʨʤʽʥʦʣʦʛʽʷ, ʧʦʟʥʘʯʝʥʥʷ ʽ ʩʢʦʨʦʯʝʥʥʷ.  

ɺ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʦʧʠʩʫʶʪʴʩʷ ʜʦʤʦʚʣʝʥʦʩʪʽ, ʷʢʽ ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘ 

ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʧʦʩʽʙʥʠʢʘ ʜʣʷ ʩʢʦʨʦʯʝʥʦʛʦ ʟʘʧʠʩʫ ʢʦʤʘʥʜ ʪʘ ʽʥʩʪʨʫʢʮʽʡ. 

  ɺ ʧʦʩʽʙʥʠʢʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʩʢʦʨʦʯʝʥʥʷ: 

ʇɺ , ɺɺ ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ɼʄ ʜʝʨʝʚʦ ʤʦʜʝʣʝʡ 

ʉʢɽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ, ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʡ 

ʄʉʢɽ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ɼʈ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ɿɼʈ ʟʚʠʯʘʡʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ɼʈʏʇ  ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ 

ɻɺ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ 

ɼɼ, ʅɼ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʥʘʙʽʨ ʜʘʥʠʭ (Data Sets) 

ɺ COMSOL Multiphysics ʢʦʤʘʥʜʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚʠʙʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʟ ʛʦʣʦʚʥʦ ʾʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ (ʩʪʨʽʯʢʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʘʥʝʣʝʡ), ʟ 

ʚʠʧʘʜʥʦʛʦ ʤʝʥʶ, ʱʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʽʩʣʷ ʢʣʘʮʘʥʥʷ ʧʨʘʚʦʶ RMB (Right Mouse 

Button) ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ ɼʄ, ʘʙʦ ʢʣʘʮʘʥʥʷʤ ʣʽʚʦ ʁ LMB (Left Mouse 

Button) ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ ʚ ʇɺ.  
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  ʇʨʠ ʟʘʧʠʩʫ ʥʘʟʚʠ ʚʫʟʣʘ ʯʘʩʪʦ ʙʫʜʝʤʦ ʚʢʘʟʫʚʘʪʠ ʽʤ'ʷ ʙʘʪʴʢʽʚʩʴʢʦʾ ʛʽʣʢʠ, 

ʥʘʧʨʠʢʣʘʜ, Data Sets (ʷʢʱʦ ʧʦʪʨʽʙʥʦ), ʘ ʧʦʪʽʤ ʯʝʨʝʟ ʪʠʨʝ - ʽʤ'ʷ ʚʫʟʣʘ Grid 1D 1. 

ɼʣʷ ʮʠʭ ʽʤʝʥ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʰʨʠʬʪ Times New Roman ʞʠʨʥʠʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʠʩ Data Sets - Grid 1D 1 ʨʝʧʨʝʟʝʥʪʫʻ ʽʤ'ʷ ʚʫʟʣʘ Grid 1D 1, 

ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʛʽʣʮʽ Data Sets ʜʝʨʝʚʘ ʤʦʜʝʣʽ. 

  ɼʣʷ ʟʘʧʠʩʫ ʢʦʤʘʥʜ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʩʢʦʨʦʯʝʥʽ 

ʧʦʟʥʘʯʝʥʥʷ. ɿʥʘʯʦʢ > (ʘʙʦ - >) ʚʽʜʦʢʨʝʤʣʶʻ ʦʜʥʫ ʢʦʤʘʥʜʫ ʚʽʜ ʽʥʰʦʾ. ʅʘʟʚʘ 

ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ɼʄ ʤʦʞʝ ʩʪʦʷʪʠ ʧʝʨʝʜ ʢʦʤʘʥʜʦʶ ʽ ʚʽʜʜʽʣʷʪʠʩʷ ʚʽʜ ʥʝʾ 

ʜʚʦʢʨʘʧʢʦʶ. ʅʘʧʨʠʢʣʘʜ, ʟʘʧʠʩ 

Study 1 : RMB > Update Solution 
ʦʟʥʘʯʘʻ, ʱʦ ʩʣʽʜ ʚʠʢʦʥʘʪʠ ʢʣʘʮʘʥʥʷ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ (RMB) ʧʦ ʚʫʟʣʫ 

Study 1 ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʨʘʪʠ ʢʦʤʘʥʜʫ Update Solution. 

  ʏʘʩʪʦ ʥʘʟʚʘ ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʽ ʢʦʤʘʥʜʠ ʨʦʟʥʦʩʷʪʴʩʷ ʥʘ ʨʽʟʥʽ ʨʷʜʢʠ, 

ʥʘʧʨʠʢʣʘʜ, 

Study 1 :  
   RMB > Update Solution 
ɿʘʧʠʩ LMB > Plot ʙʝʟ ʽʤʝʥʽ ʚʫʟʣʘ ʦʟʥʘʯʘʻ ʢʣʘʮʘʥʥʷ ʣʽʚʦʶ (LMB) ʢʥʦʧʢʦʶ ʤʠʰʽ 

ʧʦ ʢʥʦʧʮʽ Plot ʚ ʇɺ ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʘʢʪʠʚʥʠʤ ʻ ʚʫʟʦʣ 

1D Plot Group 1 - Line Graph 1, ʪʦ ʟʘʧʠʩ  
  LMB > Plot 
ʻ ʩʢʦʨʦʯʝʥʥʷʤ ʽʥʩʪʨʫʢʮʽʾ 

1D Plot Group 1 ï Line Graph 1: LMB > Plot 
ɺ ʪʝʢʩʪʽ ʧʦʩʽʙʥʠʢʘ ʽʤ'ʷ ʚʫʟʣʘ ʽ ʥʘʟʚʘ ʢʦʤʘʥʜʠ ʥʘʙʠʨʘʶʪʴʩʷ ʨʽʟʥʠʤʠ ʰʨʠʬʪʘʤʠ. 

ʗʢʱʦ ʟ ʢʦʥʪʝʢʩʪʫ ʷʩʥʦ, ʜʝ ʚʫʟʦʣ ʨʦʟʪʘʰʦʚʘʥʠʡ, ʪʦ ʥʘʟʚʘ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʚʫʟʣʘ ʥʝ 

ʚʢʘʟʫʻʪʴʩʷ. 

  ʂʦʤʘʥʜʘ ʢʣʘʮʘʥʥʷ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʥʘʜ 

ʚʽʜʢʨʠʪʠʤ ʚʽʢʥʦʤ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘʜ ʇɺ), ʟʘʧʠʩʫʻʪʴʩʷ ʩʭʦʞʠʤ ʨʷʜʢʦʤ. 

Graphics (ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ) : LMB > Play 

ʊʫʪ ʢʦʤʘʥʜʘ Play ʷʚʣʷʻ ʥʘʟʚʫ ʢʥʦʧʢʠ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ. 

  ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʦ ʧʦʷʩʥʝʥʥʷ ʜʝʷʢʠʭ ʪʝʨʤʽʥʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʩʽʙʥʠʢʫ. 



40 

 

 
ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʧʨʠʢʣʘʜʽʚ, ʽʥʩʪʨʫʢʮʽʾ ʚ ʪʝʢʩʪʽ ʧʦʩʽʙʥʠʢʘ ʙʫʜʫʪʴ 

ʚʠʜʽʣʷʪʠʩʷ ʪʝʤʥʦ-ʯʝʨʚʦʥʠʤ (ʘʙʦ ʢʦʨʠʯʥʝʚʠʤ) ʢʦʣʴʦʨʦʤ, ʘ ʧʦʷʩʥʶʚʘʣʴʥʠʡ ʪʝʢʩʪ 

ʙʫʜʝ ʥʘʙʠʨʘʪʠʩʷ ʟʚʠʯʘʡʥʠʤ ʯʦʨʥʠʤ. ɼʝʷʢʽ ʽʥʩʪʨʫʢʮʽʾ ʤʠ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ 

ʩʣʦʚʘʤʠ. ʊʦʜʽ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʢʩʪ ʪʝʞ ʙʫʜʝ ʚʠʜʽʣʷʪʠʩʷ ʢʦʨʠʯʥʝʚʠʤ ʢʦʣʴʦʨʦʤ. 

ʆʪʞʝ, ʯʦʨʥʝ ʯʠʪʘʡ, ʢʦʨʠʯʥʝʚʝ ï ʚʠʢʦʥʫʡ! 

  ʆʩʥʦʚʥʠʡ ʧʦʪʽʢ ʜʽʡ ʚ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʻʪʴʩʷ ʧʦʨʷʜʢʦʤ ʥʘʩʪʫʧʥʦʩʪʽ 

ʢʦʤʘʥʜ. ʂʦʤʘʥʜʠ, ʷʢʽ ʡʜʫʪʴ ʧʦʩʧʽʣʴ ʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʘʨʛʫʤʝʥʪʽʚ, ʙʫʜʝʤʦ 

ʟʘʧʠʩʫʚʘʪʠ ʢʦʨʦʪʢʦ. ʅʘʧʨʠʢʣʘʜ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʾ 

ʤʦʜʝʣʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʷʜʢʦʤ  
  File - > New - > Blank Model 

ʘʙʦ, ʥʘʧʨʠʢʣʘʜ, ʜʦʚʰʠʤ ʨʷʜʢʦʤ 
  File - > New - > Model Wizard - > 2D - > Mathematics ï Classical PDEs ï 

   Poisson's Equation(poeq) - > Stationary 

ʊʫʪ ʤʠ ʧʝʨʝʣʽʯʫʻʤʦ ʝʣʝʤʝʥʪʠ ʽʥʪʝʨʬʝʡʩʫ, ʷʢʽ ʚʠʙʠʨʘʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʪʦʨʘ (Model Wizard ) ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʽ ʟʘʜʘʯʽ. ʉʪʨʽʣʢʠ - > 

ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʥʘʟʚʠ ʧʦʩʣʽʜʦʚʥʦ ʚʠʙʠʨʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʥʪʝʨʬʝʡʩʫ (ʬʘʢʪʠʯʥʦ 

ʢʦʤʘʥʜ), ʘ ʪʠʨʝ ʨʦʟʜʽʣʷʻ ʥʘʟʚʠ ʚʫʟʣʽʚ ʽ ʧʽʜʚʫʟʣʽʚ ʜʝʨʝʚʘ, ʚ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʚʠʙʽʨ ʝʣʝʤʝʥʪʘ.  
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  ʗʢʱʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʘʥʜ ʥʘ ʷʢʦʤʫʩʴ ʢʨʦʮʽ ʧʦʪʨʽʙʥʦ 

ʜʦʜʘʪʢʦʚʦ ʚʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʘʙʦ ʟʤʽʥʠʪʠ ʚʤʽʩʪ ʧʦʣʷ, ʪʦ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʽʥʩʪʨʫʢʮʽʡ ʧʽʩʣʷ ʟʥʘʢʘ + (ʧʣʶʩ) ʚʩʪʘʚʣʷʪʠʤʝʪʴʩʷ ʨʷʜʦʢ ʚʠʜʫ 

ˢ̉̐̋̉ ̨̘̗̔ = ʟʥʘʯʝʥʥʷ.  ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʟʤʽʥʠʪʠ ʽʤ'ʷ ʰʫʢʘʥʦʾ 

ʟʤʽʥʥʦʾ, ʪʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʥʩʪʨʫʢʮʽʡ ʟʘʧʠʩʫʚʘʪʠʤʝʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
  File - > New - > Model Wizard - > 2D - > Mathematics ï Classical PDEs ï 

   Poisson's Equation(poeq) + Variables = T - > Stationary 

ɺ ʮʴʦʤʫ ʟʘʧʠʩʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʟ ʚʠʙʦʨʦʤ ʽʥʪʝʨʬʝʡʩʫ Poisson's 

Equation (poeq)  ʪʨʝʙʘ ʟʘʤʽʥʠʪʠ ʚʤʽʩʪ ʧʦʣʷ Variables, ʚ ʷʢʦʤʫ ʙʫʜʝ ʚʚʝʜʝʥʦ 
ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʰʫʢʘʥʦʾ ʟʤʽʥʥʦʾ ʊ. 

  ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ  ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ 

ʬʫʥʢʮʽʡ, ʥʘʧʨʠʢʣʘʜ, 2, ʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʜʚʦʭ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ. ʎʝ ʙʫʜʝ 

ʟʘʧʠʩʫʚʘʪʠʩ ̫ʩʭʦʞʠʤ ʯʠʥʦʤ: 
  File - > New - > Model Wizard - > 2D - >  

   Mathematics ï Classical PDEs ï Poisson's Equation(poeq) +  

   Number of Dependent Variables  = 2 +  

   Variables  = [u1,u2] - > Stationary 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ ʧʣʶʩʽʚ ʦʟʥʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʙʦʨʫ ʚ ʜʚʦʭ ʧʦʣʷʭ 

ʧʦʪʦʯʥʦʛʦ ʚʽʢʥʘ. ʊ.ʯ., ʚ ʦʩʪʘʥʥʴʦʤʫ ʟʘʧʠʩʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʽʩʣʷ ʚʠʙʦʨʫ 

Poisson's Equation (poeq) ʚ ʪʦʤʫ ʞ ʚʽʢʥʽ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʜʚʘ ʜʦʜʘʪʢʦʚʠʭ 

ʚʚʝʜʝʥʥʷ  Number of Dependent Variables  = 2  ̔   Variables  = [u1,u2] . 

  ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ 

ʝʣʝʤʝʥʪʫ ʤʦʜʝʣʽ (ʪʦʙʪʦ ʥʦʚʦʛʦ ʚʫʟʣʘ ɼʄ), ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ 

ʨʷʜʢʦʤ: 

   ɯʤôʷ ʧʘʥʝʣʽ - > ʅʘʟʚʘ ʛʨʫʧʠ ʢʦʤʘʥʜ - > ʂʦʤʘʥʜʘ 

ʇʨʠ ʮʴʦʤʫ ʽʤʝʥʘ ʧʘʥʝʣʝʡ, ʛʨʫʧ ʢʦʤʘʥʜ (ʘʙʦ ʢʥʦʧʦʢ-ʩʧʠʩʢʽʚ) ʽ ʩʘʤʽ ʢʦʤʘʥʜʠ 

ʙʫʜʝʤʦ ʨʦʟʜʽʣʷʪʠ ʩʪʨʽʣʢʘʤʠ, ʽ ʚʠʜʽʣʷʪʠ ʨʽʟʥʠʤ ʰʨʠʬʪʦʤ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʘ 
   Results  - > Data Set  - More Data Sets - > Grid 1D 

ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʧʘʥʝʣʽ Results   ʚ ʨʦʟʜʽʣʽ Data Set  ʩʣʽʜ ʨʦʟʢʨʠʪʠ ʢʥʦʧʢʫ-

ʩʧʠʩʦʢ  More Data Sets ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʩʧʠʩʢʫ ʦʙʨʘʪʠ ʢʦʤʘʥʜʫ Grid 1D. 

  ʗʢʱʦ ʧʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʢʦʤʘʥʜʠ ʪʨʝʙʘ ʘʢʪʠʚʽʟʫʚʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʚʫʟʦʣ, ʪʦ 

ʮʝ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʥʘʩʪʫʧʥʠʤ ʨʷʜʢʦʤ:  

Geometry 1 :>  Geometry  - > Draw - > Circle 

ɿʥʘʯʦʢ ':>' ʚʽʜʦʢʨʝʤʣʶʻ ʥʘʟʚʫ ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʚʽʜ ʽʤʝʥʽ ʢʦʤʘʥʜʠ, ʷʢʘ 

ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʛʦʣʦʚʥʽʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽʡ ʩʪʨʽʯʮʽ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʧʘʥʝʣʽ 

Geometry ). 

  ʇʘʤ'ʷʪʘʡʪʝ, ʱʦ ʜʦʩʪʫʧ ʜʦ ʢʦʤʘʥʜ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʆʜʠʥ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʦʣʦʚʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʘʥʝʣʽ (ʩʪʨʽʯʢʠ 

ʧʘʥʝʣʝʡ). ɯʥʰʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʢʦʤʘʥʜ ʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ, ʷʢʝ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʫʟʣʫ 

ʜʝʨʝʚʘ ʤʦʜʝʣʽ. ʄʠ ʟʘʚʞʜʠ ʙʫʜʝʤʦ ʦʧʠʩʫʚʘʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʟʽ ʩʧʦʩʦʙʽʚ, ʘʣʝ ʚʠ 

ʤʦʞʝʪʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ, ʟʨʫʯʥʠʡ ʜʣʷ ʚʘʩ. 
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  ʅʘʰʽ ʜʽʾ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ ʧʘʥʝʣʝʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʽʚ ʪʝʞ ʙʫʜʝʤʦ 

ʟʘʧʠʩʫʚʘʪʠ ʢʦʨʦʪʢʦ. ʅʘʧʨʠʢʣʘʜ, ʚʚʝʜʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚ ʇɺ ʚʫʟʣʘ Data Sets - 

Grid 1D 1 ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ 

Data Sets ï Grid  1D 1: 

    Data ï Source = Function  

     Data ï Function = All  

    Parameter Bounds ï Name = x  

    Parameter  Bounds  ï Minimum  = - 1 

ʊʫʪ ʧʝʨʰʠʡ ʨʷʜʦʢ ʨʝʧʨʝʟʝʥʪʫʻ ʽʤ'ʷ ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʜʝʨʝʚʘ ʤʦʜʝʣʽ. ʂʦʞʥʠʡ 

ʥʘʩʪʫʧʥʠʡ ʨʷʜʦʢ ʧʨʝʜʩʪʘʚʣʷʻ ʚ ʇɺ ʮʴʦʛʦ ʚʫʟʣʘ ʽʤ'ʷ ʟʘʧʦʚʥʶʚʘʥʦʛʦ ʧʦʣʷ ʽ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʚʚʦʜʠʪʴʩʷ  ʘʙʦ ʚʠʙʠʨʘʻʪʴʩʷ ʟʽ ʩʧʠʩʢʫ. ʃʽʚʦʨʫʯ ʚʽʜ ʟʥʘʢʘ ʨʽʚʥʦʩʪʽ 

ʩʪʦʾʪʴ ʽʤ'ʷ ʧʦʣʷ (ʘʙʦ ʩʧʠʩʢʫ), ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʤʝʥʽ ʨʦʟʜʽʣʫ, ʚ ʷʢʦʤʫ ʮʝ ʧʦʣʝ 

ʟʥʘʭʦʜʠʪʴʩʷ, ʽ ʩʘʤʦʛʦ ʽʤʝʥʽ ʧʦʣʷ. ɯʤ'ʷ ʨʦʟʜʽʣʫ ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ ʽʤʝʥʽ ʧʦʣʷ ʟʥʘʢʦʤ 

ʪʠʨʝ. ɼʣʷ ʥʘʟʚʠ ʨʦʟʜʽʣʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʰʨʠʬʪ Courier New ʞʠʨʥʠʡ, 

ʘ ʜʣʷ ʽʤʝʥʽ ʧʦʣʷ - ʰʨʠʬʪ #ÏÎÓÔÁÎÔÉÁ ̙̖̏̑̑̒. ɼʣʷ ʟʥʘʯʝʥʴ, ʷʢʽ ʩʪʦʷʪʴ 

ʧʨʘʚʦʨʫʯ ʚʽʜ ʟʥʘʢʘ ʨʽʚʥʦʩʪʽ ʽ ʚʚʦʜʷʪʴʩʷ ʘʙʦ ʚʠʙʠʨʘʶʪʴʩʷ ʟʽ ʩʧʠʩʢʫ, ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʰʨʠʬʪ Courier New.  ʈʷʜʢʠ ʢʦʤʘʥʜ ʜʣʷ ʧʦʣʽʚ, ʚʤʽʩʪ ʷʢʠʭ 

ʥʝ ʟʤʽʥʶʻʪʴʩʷ (ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ), ʤʠ ʟʘʧʠʩʫʚʘʪʠ 

ʥʝ ʙʫʜʝʤʦ. 

  ʑʦʙ ʙʘʛʘʪʦʨʘʟʦʚʦ ʥʝ ʜʨʫʢʫʚʘʪʠ ʥʘʟʚʫ ʧʦʚʪʦʨʶʚʘʥʠʭ ʨʦʟʜʽʣʽʚ ʚ ʢʦʞʥʦʤʫ 

ʨʷʜʢʫ, ʮʽ ʥʘʟʚʠ ʽʥʢʦʣʠ ʦʧʫʩʢʘʶʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, ʥʘʚʝʜʝʥ ̔ʚʠʱʝ ʽʥʩʪʨʫʢʮʽʾ ʤʠ 

ʤʦʞʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ 

Data Sets ï Grid  1D 1: 

    Data ï Source = Function  

          ï Function = All  

    Parameter Bounds ï Name = x  

              ï Minimum  = - 1 

ʂʦʣʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʜʘʶʪʩɹʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʤʠʢʘʯʽʚ ʘʙʦ ʨʘʜʽʦʢʥʦʧʦʢ, ʪʦ 

ʱʦʙ ʚʢʘʟʘʪʠ ʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʤʠ ʙʫʜʝʤʦ ʧʨʠʩʚʦʶʚʘʪʠ ʾʭ ʽʤʝʥʘʤ 

ʣʦʛʽʯʥʽ ʢʦʥʩʪʘʥʪʠ  True  ʘʙʦ False . ʅʘʧʨʠʢʣʘʜ, 

   Scale  ï Scale factor  = True       (ʚʢʣʶʯʠʪʠ) 

ɯʥʢʦʣʠ ʚ ʨʦʟʜʽʣʘʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʦʣʷ ʙʝʟ ʤʽʪʦʢ. ɼʣʷ ʾʭ ʧʦʟʥʘʯʝʥʥʷ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʫʪʦʚʽ ʜʫʞʢʠ < > . ʅʘʧʨʠʢʣʘʜ, ʟʘʧʠʩ 

   Untitled.mph (root): Unit  System  ï <> = None 

ʦʟʥʘʯʘʻ, ʱʦ ʚ ʇɺ ʢʦʨʝʥʝʚʦʛʦ ʚʫʟʣʘ ɼʄ ʚ ʨʦʟʜʽʣʽ Unit System  ʚ ʩʧʠʩʢʫ ʙʝʟ 

ʤʽʪʢʠ ʩʣʽʜ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ None. 

  ɯʥʦʜʽ ʤʽʪʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʝʢʽʣʴʢʦʭ ʧʦʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʚʦʥʘ ʧʦʟʥʘʯʘʻ 

ʚʝʢʪʦʨ. 
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ɼʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʪʘʢʠʭ ʧʦʣʽʚ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʪʢʠ ʚ ʢʫʪʦʚʠʭ 

ʜʫʞʢʘʭ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʢʦʨʦʯʝʥʦʛʦ ʟʘʧʠʩʫ ʚʚʦʜʫ ʜʘʥʠʭ, ʧʦʢʘʟʘʥʠʭ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʠʩʫʥʢʫ, ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʨʷʜʢʠ 

   Force ï Force ï Fu - <x> = - G*m^2*(dest(qx) - qx)/r̂ 3  

   Force ï Force ï Fu - <y> = - G*m^2*(dest(qy) - qy)/r̂ 3  

ɿʘʜʘʥʥʷ ʟʥʘʯʝʥʴ ʚ ʪʨʠ ʩʭʦʞʽ ʧʦʣʷ ʦʜʥʦʛʦ ʨʦʟʜʽʣʫ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʦʜʥʠʤ 

ʨʷʜʢʦʤ. ʅʘʧʨʠʢʣʘʜ, ʟʘʧʠʩ  

   Position  ï x, y, z = 0,0, - 1      (ʪʨʠ ʧʦʣʷ) 

ʦʟʥʘʯʘʻ, ʱʦ ʪʨʝʙʘ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʚʚʝʜʝʥʥʷ 

 
ɯʥʩʪʨʫʢʮʽʾ ʚʚʝʜʝʥʥʷ/ʚʠʙʦʨʫ ʟʥʘʯʝʥʴ ʚ ʨʽʟʥʦʡʤʝʥʥ ̔ ʧʦʨʫʯ ʨʦʟʪʘʰʦʚʘʥ ̔ ʧʦʣ̫ 

ʦʜʥʦʛʦ ʨʦʟʜʽʣʫ ʤʠ ʪʘʢʦʞ ʽʥʢʦʣʠ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʦʜʥʠʤ ʨʷʜʢʦʤ. ʅʘʧʨʠʢʣʘʜ, 

ʟʘʤʽʩʪʴ ʜʚʦʭ ʨʷʜʢʽʚ 

   x- Axis Data  ï Parameter   = Expression  

   x- Axis Data  ï Expression  = x 

ʙʫʜʝʤʦ ʧʠʩʘʪʠ ʦʜʠʥ 

   x- Axis Data  ï Parameter , Expression  = Expression , x  (ʜʚʘ ʧʦʣʷ) 

 
ʇʨʘʚʦʨʫʯ ʚʽʜ ʟʥʘʯʝʥʴ ʤʠ ʽʥʦʜʽ ʙʫʜʝʤʦ ʜʦʜʘʚʘʪʠ ʢʦʤʝʥʪʘʨ ï ʪʝʢʩʪ ʚ ʜʫʞʢʘʭ. ɺ 

ʦʩʪʘʥʥʽʡ ʽʥʩʪʨʫʢʮʽʾ ʢʦʤʝʥʪʘʨ ʧʦʷʩʥʶʻ ʬʘʢʪ ʚʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʚ ʜʚʘ ʧʦʣʷ, ʘ ʥʝ ʚ 

ʦʜʥʦ. 

  ʗʢʱʦ ʥʘʚʧʨʦʪʠ ʧʦʣʷ ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ ʽ ʚʚʝʩʪʠ ʟʥʘʯʝʥʥʷ, ʪʦ 

ʦʙʠʜʚʽ ʜʽʾ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʦʜʥʠʤ ʨʷʜʢʦʤ, ʥʘʧʨʠʢʣʘʜ, 

   Coloring  and Style  ï Radius  scale factor  = True ,1  

 
ʂʦʣʠ ʚ ʩʭʦʞʽʡ ʽʥʩʪʨʫʢʮʽʾ ʜʨʫʛʝ ʟʥʘʯʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʷʜʢʦʤ, ʪʦ ʡʦʛʦ ʚ 

ʥʘʰʦʤʫ ʧʦʩʽʙʥʠʢʫ ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʚ ʣʘʧʢʘʭ (ʱʦʙ ʥʝ ʚʠʥʠʢʘʣʦ 

ʥʝʧʦʨʦʟʫʤʽʥʥʷ), ʭʦʯʘ ʚʚʦʜʠʪʠ ʣʘʧʢʠ ʚ ʪʝʢʩʪʦʚʝ ʧʦʣʝ ʤʠ ʥʝ ʙʫʜʝʤʦ. ʅʘʧʨʠʢʣʘʜ,  

   Legends  ï Show legends, Legends = True , óCenter ô 

 
ʉʭʦʞʽ ʩʢʦʨʦʯʝʥʥʷ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʝʢʮʽʷʭ ʚʠʙʦʨʫ. ʅʘʧʨʠʢʣʘʜ, 

ʽʥʩʪʨʫʢʮʽʷ 
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   Selection ï Selection, <> = Manual ; 1,3     

ʧʦʟʥʘʯʘ̒, ʱʦ ʚ ʨʦʟʜʽʣʽ Selection  ʫ ʚʠʧʘʜʥʦʤʫ ʩʧʠʩʢʫ Selection  ʦʙʨʘʥʦ 

ʟʥʘʯʝʥʥʷ Manual , ʘ ʥʠʞʯʝ ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ï ʛʨʘʬʽʯʥ ̔ ʧʨʠʤʽʪʠʚʠ ʟ 

ʥʦʤʝʨʘʤʠ/ʽʥʜʠʢʘʪʦʨʘʤʠ 1 ʽ 3. ʊʫʪ ʚ ʷʢʦʩʪʽ ʨʦʟʜʽʣʶʚʘʯʘ ʤʠ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʘʧʢʫ ʟ ʢʦʤʦʶ ʪʘ ʢʦʤʠ. 

 
ʂʦʣʠ ʜʦʚʞʠʥʘ çʩʢʦʨʦʯʝʥʦʾè ʽʥʩʪʨʫʢʮʽʡ ʚʝʣʠʢʘ, ʪʦ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʘʧʠʩ ʟ ʧʝʨʝʥʝʩʝʥʥʷʤ ʯʘʩʪʠʥʠ ʥʘʟʚʠ ʢʦʤʘʥʜʠ ʥʘ ʥʘʩʪʫʧʥʠʡ ʨʷʜʦʢ. 

Results - Data Sets - Grid 3D 2 : 

   Paramemter Bounds ï  

    ï First parameter  ï Minimum, Maximum = - 1,1     (ʜʚʘ ʧʦʣʷ) 

    ï Second parameter  ï Minimum, Maximum = - 1,1    (ʜʚʘ ʧʦʣʷ) 

    ï Third parameter  ï Minimum, Maximum = - 1,1    (ʜʚʘ ʧʦʣʷ) 

ʆʩʪʘʥʥ ̒ʦʟʥʘʯʘʻ, ʱʦ ʛʨʫʧʠ ʧʦʣʽʚ First parameter, Second parameter, Third 
parameter ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʩʧʽʣʴʥʦʤʫ ʨʦʟʜʽʣʽ Paramemter Bounds . 

  ɼʣʷ ʚʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʚ ʪʘʙʣʠʮʽ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʘʥʝʣʷʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʦʞʽ ʧʦʟʥʘʯʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʚʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʚ 

ʧʝʨʰʠʡ ʨʷʜʦʢ  ʪʘʙʣʠʮ ̔ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥʥʠʭ Global Definitions - Variables 2 

ʙʫʜʝʤʦ ʟʘʧʠʩʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

Global Definitions - Variables 2: 

   Variables  -  Name = Force   

        -  Expression = comp1.Mass1*g_const+F*S  

ʘʙʦ ʢʦʨʦʪʰʝ 

   Variables  ï Name, Expression = Force,  comp1.Mass1*g_const+F*S  

ʊʫʪ Name ʽ Expression ʥʘʟʚʠ ʩʪʦʚʧʮʽʚ ʪʘʙʣʠʮʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʜʽʣʽ 

Variables .     

 
ʇʦʚʪʦʨʝʥʥʷ ʩʭʦʞʦʛʦ ʟʘʧʠʩʫ ʙʫʜʝ ʦʟʥʘʯʘʪʠ ʟʘʧʦʚʥʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʢʘ 

ʪʘʙʣʠʮʽ. 

  ɯʥʢʦʣʠ ʧʽʩʣʷ ʢʦʤʘʥʜʠ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ, ʚ ʷʢʦʤʫ ʪʨʝʙʘ ʟʨʦʙʠʪʠ ʚʠʙʽʨ ʽ 

ʥʝʛʘʡʥʦ ʡʦʛʦ ʟʘʢʨʠʪʠ. ʅʘʰʽ ʜʽʾ ʩʪʠʩʣʦ ʙʫʜʫʪʴ ʟʘʧʠʩʫʚʘʪʠʩ,̫ ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ 

ʨʷʜʢʦʤ: 

Untitled.mph (root): RMB > Add Study = Add Study  - > 

                   Preset Studies - Stationary ->ʍ 

ʎʝ ʦʟʥʘʯʘ,̒ ʱʦ ʧʽʩʣʷ ʢʣʘʮʘʥʥʷ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰ ̔ ʧʦ ʚʫʟʣʫ 

Untitled.mph (root)  ʽ ʚʠʙʦʨʫ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʢʦʤʘʥʜʠ Add Study ʚʽʜʢʨʠʻʪʴʩʷ 

ʚʽʢʥʦ Add Study , ʚ ʜʝʨʝʚʽ ʷʢʦʛʦ ʪʨʝʙʘ ʦʙʨʘʪʠ ʝʣʝʤʝʥʪ  Stationary . 
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ɺʠʙ̔ʨ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʩʪʘʥʜʘʨʪʥʠʡ ʩʧʦʩʽʙ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʜʚʽʡʥʠʤ 

ʢʣʘʮʘʥʥʷʤ ʤʠʰʽ ʧʦ ʨʷʜʢʫ Stationary  ʘʙʦ ʦʜʥʦʢʨʘʪʥʠʤ ʢʣʘʮʘʥʥʷʤ ʧʦ ʢʥʦʧʮʽ 

+Add Study ʚʛʦʨʽ ʚʽʢʥʘ). ʇʦʪʽʤ ʚʽʢʥʦ Add Study   ʟʘʢʨʠʚʘʻʪʴʩʷ ʭʨʝʩʪʠʢʦʤ (X) ʚ 

ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ. 

  ɿʥʘʢ ó=ô (ʜʦʨʽʚʥʶʻ) ʚ ʦʩʪʘʥʥʽʡ ʽʥʩʪʨʫʢʮʽʾ ʻ ʦʟʥʘʢʦʶ ʪʦʛʦ, ʱʦ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ, ʥʘʟʚʘ ʷʢʦʛʦ ʟʘʟʥʘʯʝʥʘ ʧʽʩʣʷ ʨʽʚʥʦʩʪʽ. 

  ʇ̔ ʩʣʷ ʧʦʙʫʜʦʚʠ ʜʝʷʢʠʭ ʚʫʟʣʽʚ ʤʠ ʥʝ ʙʫʜʝʤʦ ʚʢʘʟʫʚʘʪʠ ʾʭ ʥʘʟʚʫ, ʽ ʙʫʜʝʤʦ 

ʚʽʜʨʘʟʫ ʟʘʧʦʚʥʶʚʘʪʠ ʧʦʣʷ. ʎʝ ʦʟʥʘʯʘ,̒ ʱʦ ʧʦʜʘʣʴʰʽ ʽʥʩʪʨʫʢʮʽʾ ʩʪʦʩʫʶʪʴʩʷ 

ʥʘʣʘʰʪʫʚʘʥʴ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ. ɼʦ ʪʦʛʦ ʞ, ʦʜʥʘ ʟ ʪʘʢʠʭ ʽʥʩʪʨʫʢʮʽʡ, ʤʦʞʝ 

ʟʤʽʥʠʪʠ ʧʦʪʦʯʥʫ ʥʘʟʚʫ ʚʫʟʣʘ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ, ʛʨʫʧʘ ʽʥʩʪʨʫʢʮʽʡ, ʱʦ 

ʩʪʚʦʨʶʻ ʛʣʦʙʘʣʴʥʫ ʘʥʘʣʽʪʠʯʥʫ ʬʫʥʢʮʽʶ, ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Global Definitions : RMB > Functions ï Analytic 

       Function name = xs  

   Definition ï Expression = 1- abs(t)/2+abs(t - 2)/2  

         ï Arguments  = t  

ʊʫʪ ʥʝʤʘʻ ʚʢʘʟʽʚʢʠ ʥʘ ʥʘʟʚʫ ʚʫʟʣʘ, ʘʣʝ ʚʦʥʘ ʥʘʤ ʽ ʥʝʧʦʪʨʽʙʥʘ, ʙʦ ʥʘʩ ʮʽʢʘʚʠʪʴ 

ʽʤôʷ ʬʫʥʢʮʽʾ, ʘ ʚʦʥʦ  xs   ʪʫʪ ʚʢʘʟʘʥʦ. 

  ɺ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʢʦʨʦʯʝʥʠʡ ʟʘʧʠʩ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʨʝʘʣʴʥʠʤ ʝʪʘʧʘʤ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʙʫʜʝʤʦ ʜʦʜʘʚʘʪʠ ʧʦʷʩʥʶʚʘʣʴʥʠʡ ʪʝʢʩʪ. ɸʣʝ ʢʦʣʴʦʨʦʚʘ ʩʭʝʤʘ 

ʪʝʢʩʪʫ ʧʦʩʽʙʥʠʢʘ ʟʙʝʨʽʛʘʪʠʤʝʪʴʩʷ: çʯʦʨʥʝ ʯʠʪʘʡ, ʢʦʨʠʯʥʝʚʝ ï ʚʠʢʦʥʫʡ!è 

  ʇʦʩʪʫʧʦʚʦ ʤʠ ʧʝʨʝʡʜʝʤʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʪʠʣʶ ʦʧʠʩʫ ʧʨʦʮʝʩʫ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ. 

 

1.5. ʇʦʯʘʪʢʦʚʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ COMSOL Multiphysics.  

1.5.1. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʝʡ COMSOL Multiphysics.   

ʄʦʜʝʣʶʚʘʥʥʷ ʚ COMSOL Multiphysics ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʙʦʨʫ ʨʦʟʤʽʨʥʦʩʪʽ 

ʧʨʦʩʪʦʨʫ ʽ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ (ʩʪʘʮʽʦʥʘʨʥʦʾ ʘʙʦ ʜʠʥʘʤʽʯʥʦʾ), ʪʦʙʪʦ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʰʘʙʣʦʥʫ ʟʘʜʘʯʽ. ʎʝʡ ʰʘʙʣʦʥ ʙʫʜʫʻʪʴʩʷ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ, ʷʢʝ ʨʦʟʪʘʰʦʚʘʥʦ ʚ 

ʧʘʥʝʣʽ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʦʜʝʣʝʡ (Model Build er). ʉʧʦʯʘʪʢʫ ʤʦʜʝʣʴ ʤʘʻ ʽʤ'ʷ 

Untitled , ʘʣʝ ʧʽʟʥʽʰʝ (ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʚ ʬʘʡʣ) ʚʠ ʥʘʜʘʩʪʝ ʾʡ ʦʩʤʠʩʣʝʥʝ ʽʤ'ʷ. 

ɿʘʟʚʠʯʘʡ ʧʨʘʚʦʨʫʯ ʚʽʜ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʦʜʝʣʝʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʜʝʨʝʚʘ. ʑʝ ʧʨʘʚʽʰʝ ʨʦʟʪʘʰʦʚʘʥʦ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʨʝʩʣʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʝʡ ʘʙʦ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʛʨʘʬʽʢʽʚ. ʅʠʞʯʝ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʟʦʥʘ ʟ ʷʨʣʠʢʘʤʠ, ʱʦ 
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ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʽʢʥʘ ʧʦʚʽʜʦʤʣʝʥʴ (Messages), ʧʨʦʮʝʩʫ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ 

(Progress ), ʚʽʢʥʦ ʞʫʨʥʘʣʫ (Log) ʽ ʚʽʢʥʦ ʪʘʙʣʠʮʴ (Table ). 

 
ɺʽʢʥʦ Messages  ʟʘʟʚʠʯʘʡ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʤʠʣʢʠ. ɺʽʢʥʦ 

Progress   ʘʢʪʠʚʥʦ ʧʽʜ ʯʘʩ ʦʙʯʠʩʣʝʥʴ ʽ ʚʽʜʦʙʨʘʞʘʻ ʧʦʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʽʜ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. ɺʽʢʥʦ ʞʫʨʥʘʣʫ Log ʚʽʜʦʙʨʘʞʘʻ ʩʣʫʞʙʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ. ʇʨʠ ʘʢʪʠʚʽʟʘʮʽʾ ʷʨʣʠʢʘ Table  ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʟ'ʷʚʣʷʶʪʴʩʷ 

ʪʘʙʣʠʮʽ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

  ɺʽʢʥʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʤʦʜʝʣʝʡ (Model Builder ), ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(Settings ), ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ, ʘ ʪʘʢʦʞ ʚʽʢʥʘ Messages , Progress , Log ʽ Table 

ʤʦʞʥʘ ʨʦʟʛʦʨʥʫʪʠ ʥʘ ʚʩʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ 

ʧʦʜʚʽʡʥʝ ʢʣʘʮʘʥʥʷ ʧʦ ʢʦʨʽʥʮ ʁʚʽʢʥʘ. ʇʦʚʪʦʨʥʝ ʧʦʜʚʽʡʥʝ ʢʣʘʮʘʥʥʷ ʧʦ ʢʦʨʽʥʮ ʁ

ʧʦʚʝʨʥʝ ʚʽʢʥʦ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʤʽʨʫ. 

  ʇʨʦʪʷʛʦʤ ʨʦʙʦʪʠ ʚʘʰ ʝʢʨʘʥ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʨʽʟʥʽ ʚʠʜʠ. ʑʦʙ ʧʦʚʝʨʥʫʪʠʩʷ 

ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʧʦʩʦʙʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʢʦʥ ʤʦʞʥʘ ʥʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ 

ʚʽʜʢʨʠʪʠ ʟʘʢʣʘʜʢʫ Home, ʨʦʟʢʨʠʪʠ ʢʥʦʧʢʫ-ʩʧʠʩʦʢ Reset Desktop  ʽ ʚʠʙʨʘʪʠ 

ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ: Widescreen Layout (ʚʽʢʥʘ Model Builder , 

Settings ʽ Graphics ʨʦʟʤʽʩʪʷʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʟʣʽʚʘ ʥʘʧʨʘʚʦ), Regular Screen 

Layout (ʧʝʨʰʽ ʜʚʘ ʚʽʢʥʘ ʨʦʟʤʽʩʪʷʪʴʩʷ ʦʜʥʝ ʥʘʜ ʦʜʥʠʤ ʟʣʽʚʘ ʝʢʨʘʥʫ, ʘ ʛʨʘʬʽʯʥʝ 

ʚʽʢʥʦ ʧʦʩʷʜʝ ʚʝʩʴ ʧʨʦʩʪʽʨ ʧʨʘʚʦʨʫʯ ʚʽʜ ʥʠʭ) ʘʙʦ Reset Desktop, ʱʦʙ ʚʽʜʥʦʚʠʪʠ 

ʢʦʣʠʰʥʽʡ ʚʠʛʣʷʜ. 

 
ɺ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʤʠ ʜʝʪʘʣʴʥʦ ʦʙʛʦʚʦʨʠʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʨʦʟʚôʷʟʘʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʁʤʦʚʽʨʥʦ, ʧʨʠ ʧʝʨʰʦʤʫ 

ʯʠʪʘʥʥʽ ʚʘʤ ʥʝ ʚʩʝ ʙʫʜʝ ʟʨʦʟʫʤʽʣʦ. ʇʦʟʥʘʡʦʤʪʝʩ ɹʟ ʧʘʨʘʛʨʘʬʦʤ ʽ ʧʦʚʝʨʥʽʪʴʩʷ ʜʦ 

ʥʴʦʛʦ ʧʽʟʥʽʰʝ, ʢʦʣʠ ʤʠ ʨʦʟʚôʷʞʝʤʦ ʙʽʣʴʰʝ ʟʘʜʘʯ, ʽ ʫ ʚʘʩ ʟ'ʷʚʠʪʴʩʷ ʜʦʩʚʽʜ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ COMSOL Multiphysics. 

  ʉʪʚʦʨʽʪʴ ʰʘʙʣʦʥ ʤʦʜʝʣʽ ʜʚʦʚʠʤʽʨʥʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʟʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

(heat transfer in solids) ʥʘʩʪʫʧʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʦʤʘʥʜ. 
   File - > New - > Model Wizard - > 2D - > 

    Heat Transfer - Heat Transfer in Solids  (ht) - > Stationary 

ɼʝʨʝʚʦ ʤʦʜʝʣʽ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ, ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʟʣʽʚʘ. 
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ʇʨʘʚʦʨʫʯ ʚʽʜ ʚʽʢʥʘ Model Builder  ʙʫʜʝ ʚʽʜʢʨʠʪʦ ʚʽʢʥʦ Settings  (ʚ̔ ʢʥʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ï ɺɺ, ʽʥʘʢʰʝ ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʇɺ) ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ. ɺʦʥʦ 

ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʜʝʣʽ. 

ɽʣʝʤʝʥʪʠ ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʽʜʚʫʟʣʠ, ʫ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʩʚʦʾ 

ʧʽʜʚʫʟʣʠ ʽ ʪ.ʜ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʽ ʻ ʛʽʣʢʠ: Global Definitions 

(ʚʠʟʥʘʯʝʥʥʷ), Component (ʢʦʤʧʦʥʝʥʪ), Geometry (ʛʝʦʤʝʪʨʽʷ), Materials 

(ʤʘʪʝʨʽʘʣʠ), ʪʫʪ Heat Transfer in Solids (ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ), 

Mesh (ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ), Study (ʦʙʯʠʩʣʝʥʥʷ), Results (ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʯʠʩʣʝʥʴ). ɿʘʤʽʩʪʴ Heat Transfer in Solids ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʘ ʙʫʜʴ-ʷʢʘ ʬʽʟʠʯʥʘ 

ʤʦʜʝʣʴ, ʱʦ ʜʦʩʪʫʧʥʘ ʚ ʩʠʩʪʝʤʽ. ʎʽ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʚ ʜʝʨʝʚʽ 

ʧʦʚʥʦʮʽʥʥʦʾ ʤʦʜʝʣʽ, ʭʦʯʘ ʽʥʦʜʽ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʥʝʧʦʚʥʽ ʤʦʜʝʣʽ. 

ɿʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʟʨʦʟʫʤʽʣʦ ʟ ʾʭ ʥʘʟʚʠ, ʩʝʥʩ ʽʥʰʠʭ ʤʠ ʢʦʨʦʪʢʦ 

ʧʦʷʩʥʠʤʦ ʥʠʞʯʝ. 

  ɻʦʣʦʚʥʽ ʝʣʝʤʝʥʪʠ ʙʫʜʴ-ʷʢʦʾ ʤʦʜʝʣʽ, ʩʪʚʦʨʝʥʦʾ ʚ Comsol Multiphysics, ʽ ʾʭ 

ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ. 
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ɻʽʣʢʠ Definitions (ʚʠʟʥʘʯʝʥʥʷ) ʙʫʚʘʶʪʴ ʛʣʦʙʘʣʴʥʠʤʠ (ʜʣʷ ʚʩʽʻʾ ʤʦʜʝʣʽ) ʽ 

ʣʦʢʘʣʴʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  
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  ʇʽʜ ʢʦʤʧʦʥʝʥʪʦʤ ʨʦʟʫʤʽʻʪʴʩʷ ʛʽʣʢʘ ʜʝʨʝʚʘ ʤʦʜʝʣʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʚʫʟʣʽʚ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʩʧʽʣʴʥʽʡ 

ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚ ʪʽʣʽ  ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʩʪʨʫʤ, ʚ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʚʠʜʽʣʷʪʠʩʷ ʪʝʧʣʦ ʪʘ ʚʽʜʙʫʚʘʪʠʩʷ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʈʘʟʦʤ ʮʽ ʧʨʦʮʝʩʠ ʤʦʞʥʘ 

ʥʘʟʚʘʪʠ çʤʫʣʴʪʠʬʽʟʠʢʦʶè. ʄʫʣʴʪʠʬʽʟʠʢʘ ï ʮʝ ʞʘʨʛʦʥ. ʇʽʜ ʮʠʤ ʪʝʨʤʽʥʦʤ ʤʠ 

ʨʦʟʫʤʽʻʤʦ ʙʫʜʴ-ʷʢʫ ʟʘʤʢʥʝʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʢʽʣʴʢʦʤʘ 

ʰʫʢʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʨʽʟʥʦ ʾ ʬʽʟʠʯʥʦ ʾ ʩʫʪʥʦʩʪ ̔ ʪʘ ʨʦʟʤʽʨʥʦʩʪ,̔ ʱʦ 

ʨʦʟʚôʷʟʫʻʪʴʩʷ ʷʢ ʦʜʥʝ ʮʽʣʝ ʚ ʩʧʽʣʴʥʽʡ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ.  

  ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʟʘʜʘʯʽ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʟʚ'ʷʟʫʚʘʪʠ ʤʦʜʝʣ ̔ ʢʽʣʴʢʦʭ  

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ COMSOL ʬʘʡʣʽ ʧʨʠʩʫʪʥʽ ʢʽʣʴʢʘ 

ʢʦʤʧʦʥʝʥʪʽʚ (ʚʫʟʣʽʚ Component), ʽ ʜʣʷ ʾʭ ʟʚôʷʟʢʫ, ʦʢʨʽʤ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥʥʠʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ (coupling operators). ɺ ʥʘʰʦʤʫ 

ʧʦʩʽʙʥʠʢʫ ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʤʠ ʪʝʞ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥ 

çʤʫʣʴʪʠʬʽʟʠʢʘè ʪʘ ʽʥʢʦʣʠ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ çʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽè ʟʘʜʘʯʽ. 

  ʆʪʞʝ ʢʦʣʝʢʮʽʷ ʚʫʟʣʽʚ ʜʝʢʽʣʴʢʦʭ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʽʣʴʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʦʙʣʘʩʪʴ, ʩʪʚʦʨʶʚʘʥʫ ʚ ʛʽʣʮʽ Geometry, ʚ ʪʝʨʤʽʥʦʣʦʛʽʾ 

Comsol Multiphysics ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʤʧʦʥʝʥʪʦʤ (component). ʆʢʨʽʤ ʛʽʣʢʠ 

Geometry ʪʘ ʛʽʣʦʢ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚ ʮʶ ʢʦʣʝʢʮʽʶ ʚʢʣʶʯʘʶʪʴʩʷ ʚʫʟʣʠ Mesh 

ʪʘ Materials. ʅʘ ʥʘʚʝʜʝʥʽʡ ʚʠʱʝ ʩʭʝʤʽ ʝʣʝʤʝʥʪʠ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʠʜʽʣʝʥʽ 

ʧʫʥʢʪʠʨʦʤ, ʽ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ.  

  ɻʽʣʢʠ Definitions ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ ʚʫʟʣʠ ʟ ʪʘʙʣʠʮʷʤʠ ʧʘʨʘʤʝʪʨʽʚ, ʟʤʽʥʥʠʭ, 

ʘ ʪʘʢʦʞ ʚʫʟʣʠ ʦʧʝʨʘʪʦʨʽʚ ʽ ʬʫʥʢʮʽʡ. ʇʘʨʘʤʝʪʨʠ ï ʮʝ ʯʠʩʣʦʚʽ ʢʦʥʩʪʘʥʪʠ, ʽʤʝʥʘ 

ʷʢʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʝʢʽʣʴʢʦʭ ʤʽʩʮʷʭ ʤʦʜʝʣʽ. ɿʤʽʥʥʽ ï ʮʝ ʥʘʟʚʠ 

ʚʝʣʠʯʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʪʦʯʢʠ. ɿʤʥ̔ʥʠʤʠ 

ʻ ʧʨʦʩʪʦʨʦʚ ̔ʢʦʦʨʜʠʥʘʪʠ (ʥʘʧʨʠʢʣʘʜ, x, y, z) ʽ ʰʫʢʘʥ ̔ʚʝʣʠʯʠʥʠ (ʥʘʧʨʠʢʣʘʜ, T - 

ʪʝʤʧʝʨʘʪʫʨʘ). ɺ ʪʘʙʣʠʮʽ ʟʤʽʥʥʠʭ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʟʤʽʥʥʽ ʟ 

ʽʥʰʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʧʫʩʪʠʤ ̔ ʦʧʝʨʘʮʽ ʾ (ʥʘʧʨʠʢʣʘʜ, ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ). 

ʆʧʝʨʘʪʦʨʠ ï ʮʝ ʤʘʪʝʤʘʪʠʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʦʙʨʦʙʣʷʶʪʴ ʚʝʣʠʯʠʥʠ 

(ʰʫʢʘʥʽ ʬʫʥʢʮʽʾ), ʜʦʩʣʽʜʞʫʚʘʥʽ ʚ ʤʦʜʝʣʽ. ɺʫʟʣʠ ʬʫʥʢʮʽʡ ʤʽʩʪʷʪʴ çʘʣʛʦʨʠʪʤʠè ʾʭ 

ʦʙʯʠʩʣʝʥʥʷ (ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ, ʪʘʙʣʠʮʽ ʜʣʷ ʟʘʚʜʘʥʥʷ ʢʫʩʢʦʚʠʭ ʬʫʥʢʮʽʡ ʽ ʪ.ʜ.). 

ʂʦʞʥʽʡ ʬʫʥʢʮʽʾ ʥʘʜʘʻʪʴʩʷ ʽʤ'ʷ, ʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʨʘʟʽ, ʚ ʷʢʦʤʫ ʚʦʥʘ ʧʦʪʨʽʙʥʘ, ʚʠ 

ʙʫʜʝʪʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝ ʽʤ'ʷ.  

  ɽʣʝʤʝʥʪʠ ʛʣʦʙʘʣʴʥʦʾ (ʟʦʚʥʽʰʥʴʦʾ) ʛʽʣʢʠ ʚʠʟʥʘʯʝʥʴ Global Definitions 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʠʭ ʤʽʩʮʷʭ ʤʦʜʝʣʽ. ɽʣʝʤʝʥʪʠ ʛʽʣʢʠ Definitions, 

ʚʠʟʥʘʯʝʥʽʡ ʚ ʢʦʤʧʦʥʝʥʪʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʡʦʛʦ ʤʝʞʘʭ, ʘʣʝ, ʚ ʨʘʟʽ 

ʧʦʪʨʝʙʠ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʦʟʘ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʢʦʚʦʾ 

ʥʦʪʘʮʽʾ. 

  ɻʽʣʢʘ Geometry ʤʽʩʪʠʪʴ ʽʥʩʪʨʫʢʮʽʾ ʢʨʝʩʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ 

ʢʦʤʧʦʥʝʥʪʘ. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚʫʟʣʘʤʠ ɼʄ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʇɺ ʚʫʟʣʘ 

Geometry ʟʘʜʘʶʪʴʩʷ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʞʠʥ ʪʘ ʢʫʪʽʚ. 

  ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʢʦʨʦʯʝʥʽ ʧʦʟʥʘʯʝʥʥʷ, ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ, ʟʘʧʠʰʝʤʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ. 

  Geometry  - > Primitives  ï Rectangle 

Component 1 - Geometry 1 - Rectangle1: 

   Size ï Width , Height = 3,1         (ʜʚʘ ʧʦʣʷ) 
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   Position ï x, y =  0,0             (ʜʚʘ ʧʦʣʷ) 

  Geometry  -> Primitives  ï Circle 

Component 1 - Geometry 1 - Circle 1: 

   Size and Shape ï Radius: =  0.25  

   Position ï x, y =  1,0.5            (ʜʚʘ ʧʦʣʷ) 

  Geometry  -> Primitives  ï Circle 

Component 1 - Geometry 1 - Circle 2: 

   Size and Shape ï Radius: =  0.25  

   Position ï x, y =  2,0.5            (ʜʚʘ ʧʦʣʷ) 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ ʣʦʛʽʯʥʦʛʦ ʚʽʜʥʽʤʘʥʥʷ ʚʠʜʘʣʠʤʦ ʟ ʦʙʣʘʩʪʽ ʧʨʷʤʦʢʫʪʥʠʢʘ 

ʦʙʣʘʩʪʴ ʧʨʘʚʦʛʦ ʢʦʣʘ. 

  Geometry  - > Boolean s and Partitions  ï Difference 

Component 1 - Geometry 1 - Difference 1: 

   Difference ï Object to add = r1      (ʧʨʷʤʦʢʫʪʥʠʢ) 

         ï Object to subtract  ï Active  = True  

         ï Object to subtract  = c2   (ʧʨʘʚʝ ʢʦʣʦ) 

  LMB > Build All Objects 

 
ɻʽʣʢʘ Materials ʜʦʟʚʦʣʷʻ ʚʠʙʠʨʘʪʠ ʨʝʯʦʚʠʥʠ ʟ ʚʙʫʜʦʚʘʥʦʶ ʙʘʟʠ, ʱʦʙ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ çʩʪʚʦʨʶʚʘʪʠè ʚʣʘʩʥʽ 

ʤʘʪʝʨʽʘʣʠ. 

  ɺʩʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʘʞʘʥʦ ʟʘʜʘʚʘʪʠ ʚ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʦʜʝʣʽ. ɼʽʟʥʘʪʠʩʷ (ʚʠʙʨʘʪʠ) ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʦʜʠʥʠʮʴ 

ʤʦʞʥʘ ʚ ʇɺ ʚʫʟʣʘ ʩʘʤʦʛʦ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ (root) ʚ ʨʦʟʜʽʣʽ Unit System . 
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ʂʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʥʫ ʩʠʩʪʝʤʫ ʦʜʠʥʠʮʴ, ʥʘʟʚʫ ʷʢʦʾ ʤʦʞʥʘ 

ʜʽʟʥʘʪʠʩʷ ʽ ʟʤʽʥʠʪʠ ʚ ʇɺ ʚʫʟʣʘ Component. 

 
ʉʪʚʦʨʽʪʴ ʚ ʤʦʜʝʣʽ ʚʫʟʦʣ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

   Materials  - >  Materials -  Add Material 

ʇʨʘʚʦʨʫʯ ʚʽʜ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ Add Material  (ʥʘʩʪʫʧʥʠʡ 

ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ). ʋ ʚʽʢʥʽ Add Material  ʚ ʜʝʨʝʚʽ ʜʦʩʪʫʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʙʝʨʽʪʴ Built ïIn  ï Aluminum . 

 

 
ʂʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ +Add to Component, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʛʦʨʽ ʮʴʦʛʦ ʚʽʢʥʘ, 

ʧʦʪʽʤ ʟʘʢʨʠʡʪʝ ʚʽʢʥʦ çʭʨʝʩʪʠʢʦʤè ʚ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʢʫ. ɺ ɼʄ ʟ'ʷʚʠʪʴʩʷ 

ʚʫʟʦʣ Materials - Aluminum (mat1)  ʽ ʡʦʛʦ ʇɺ ʟ ʪʘʙʣʠʮʝʶ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɻʘʣʦʯʢʠ ʥʘʚʧʨʦʪʠ ʜʝʷʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʢʘʟʫʶʪʴ, ʱʦ ʾʭ ʟʥʘʯʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʪʦʯʥʽʡ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ. 



52 

 

 
ʊʝʧʝʨ ʢʣʘʮʥʽʪʴ ʧʦ ʚʫʟʣʫ çʬʽʟʠʢʠè, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦ ʚʫʟʣʫ Heat Transfer in 

Solids (ht). ɺ ʡʦʛʦ ʇɺ ʚʠ ʧʦʙʘʯʠʪʝ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʠʙʨʘʥʝ ʬʽʟʠʯʥʝ 

ʷʚʠʱʝ. 

 
ɯʥʪʝʨʬʝʡʩ Heat Transfer in Solids ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ  

QdTCd
t

T
Cd zzz =ÖÐ+ÐÖ+
µ

µ
quPP rr , 

ʜʝ T - ʰʫʢʘʥʘ ʬʫʥʢʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ, Tkdz Ð-=q  ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, k - 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ù
ú

ø
é
ê

è

µ

µ

µ

µ
=Ð

yx
,

 

ï ʦʧʝʨʘʪʦʨ ʛʨʘʜʽʻʥʪʘ (ʚ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʜʚʦʚʠʤʽʨʥʠʡ). ɺ ʨʽʚʥʷʥʥʷ ʚʭʦʜʷʪʴ ʤʘʪʝʨʽʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ: ʛʫʩʪʠʥʘ r, 

ʪʝʧʣʦʻʤʥʽʩʪʴ Cp, ʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ k (ʩʢʘʣʷʨʥʠʡ ʘʙʦ ʪʝʥʟʦʨʥʠʡ). ɺ 

ʨʽʚʥʷʥʥʷ ʚʭʦʜʪ̫ʴ ʪʘʢʦʞ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ u ʨʝʯʦʚʠʥʠ ʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ Q ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ. ɼʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʤʦʚʥʘ ʪʦʚʱʠʥʘ ][1 mdz = , 

ʷʢʫ ʥʝ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʤʽʥʷʪʠ. 

  ʇʝʨʰʠʡ ʯʣʝʥ 
t

T
Cdz
µ

µ
rr ʚ ʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʟʥʠʢʘʻ. ɼʣʷ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ 

u ʽ ʜʞʝʨʝʣ ʪʝʧʣʘ ʩʣʽʜ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʚʫʟʣʠ ɼʄ. ʗʢʱʦ ʪʘʢʠʭ ʚʫʟʣʽʚ ʥʝʤʘʻ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʚʚʘʞʘʶʪʴʩʷ ʨʽʚʥʠʤʠ ʥʫʣʶ. ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʤʠ 

ʩʪʚʦʨʠʤʦ ʦʜʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʧʦʪʫʞʥʽʩʪʶ Q0, ʷʢʝ ʙʫʜʝ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʦʙʣʘʩʪʽ 

ʣʽʚʦʛʦ ʢʦʣʘ. ʊʦʤʫ ʨʽʚʥʷʥʥʷ ʥʘʩʧʨʘʚʜʽ ʤʘʪʠʤʝ ʚʠʛʣʷʜ ( ) 0QdTkd zz =ÐÖÐ- , ʽ 

ʧʘʨʘʤʝʪʨ zd ʥʝ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʨʦʟʚôʷʟʦʢ. 

  ʅʘʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʧʠʩʫ ʨʽʚʥʷʥʴ ʚ 

ʚʽʢʥʘʭ çʬʽʟʠʢʠè. 
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,,  ʦʧʝʨʘʪʦʨ ʛʨʘʜʽʻʥʪʘ 

uu grad=Ð  ʛʨʘʜʽʻʥʪ ʩʢʘʣʷʨʥʦʾ ʬʫʥʢʮʽʾ u 

uu div=ÖÐ  ʜʠʚʝʨʛʝʥʮʽʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ  u 

uu rot=³Ð  ʨʦʪʦʨ ʚʝʢʪʦʨ-ʬʫʥʢʮʽʾ  u 

ʊʫʪ ʞʝ ʚ ʇɺ ʚʫʟʣʘ Heat Transfer in Solids (ht) ʚ ʨʦʟʜʽʣʽ Domain Selection  

ʚʢʘʟʫʻʪʴʩʷ ʽʥʜʠʢʘʪʦʨ (ʥʦʤʝʨ ʘʙʦ ʥʦʤʝʨʠ) ʦʙʣʘʩʪʽ, ʚ ʷʢʽʡ ʙʫʜʝ ʨʦʟʚôʷʟʫʚʘʪʠʩʷ 

ʟʘʜʘʯʘ. ʗʢʱʦ ʛʝʦʤʝʪʨʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʧʽʜʦʙʣʘʩʪʝʡ, ʪʦ ʤʦʞʥʘ ʚʠʙʨʘʪʠ 

ʚʩ̔ ʘʙʦ ʪʽʣʴʢʠ ʯʘʩʪʠʥʫ ʟ ʥʠʭ. ɺ ʇɺ ʚʫʟʣʘ ʬʽʟʠʢʠ ʚʥʠʟʫ ʻ ʨʦʟʜʽʣ 

Discretization , ʚ ʷʢʦʤʫ ʚʠʙʠʨʘʻʪʴʩʷ ʛʣʘʜʢʽʩʪʴ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʄʉɽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʦʟʚôʷʟʢʫ. ɺʠ ʤʦʞʝʪʝ ʚʠʙʨʘʪʠ linear  

(ʣʽʥʽʡʥʫ), quadratic  (ʢʚʘʜʨʘʪʠʯʥʫ) ʘʙʦ ʙʽʣʴʰ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ 

çʬʽʟʠʢè ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ. ʋ 

ʨʦʟʜʽʣʽ Dependent Variables  ʟʘʜʘʶʪʴʩʷ ʽʤʝʥʘ ʟʤʽʥʥʠʭ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ. 

ɿʘʟʚʠʯʘʡ ʜʣʷ ʟʘʜʘʯ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʮʝ T, ʘ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ - u. ɺʠ 

ʤʦʞʝʪʝ ʚʢʘʟʘʪʠ ʽʥʰʝ ʽʤ'ʷ. 

  ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʟʘʜʘʶʪʴʩʷ ʚ ʇɺ ʚʫʟʣʘ Heat Transfer in Solids - Heat 

Transfer in Solids 1. ʗʢʱʦ ʚ ʮʽʡ ʧʘʥʝʣʽ ʥʽʯʦʛʦ ʥʝ ʟʤʽʥʶʚʘʪʠ, ʪʦ ʚʦʥʠ 

ʘʚʪʦʤʘʪʠʯʥʦ ʙʫʜʫʪʴ ʚʟʷʪʽ ʟ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ. 

 
ɻʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʟʘʜʘʶʪʴʩʷ ʫ ʚʫʟʣʽ Zero Flux ʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʦʙʨʘʞʘʶʪʴ ʥʫʣʴʦʚʠʡ ʧʦʪʽʢ (ʪʝʧʣʘ, ʨʝʯʦʚʠʥʠ ʽ ʪ.ʜ.) ʯʝʨʝʟ ʛʨʘʥʠʮʶ. ɺ ʬʽʟʠʯʥʠʭ 

ʽʥʪʝʨʬʝʡʩʘʭ ʮʴʦʤʫ ʚʫʟʣʫ ʟʘʟʚʠʯʘʡ ʜʘʻʪʴʩʷ ʽʥʰʘ ʥʘʟʚʘ. ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʝʥʠʡ ʚʫʟʦʣ Thermal Insulation 1 (ʪʝʧʣʦʽʟʦʣʷʮʽʷ) ʟʘʜʘʻ 

ʥʫʣʴʦʚʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʛʨʘʥʠʮʽ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʘʤ 

ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʮʝ ʟʤʽʥʠʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʥʦʚʽ ʚʫʟʣʠ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʰʽ ʪʠʧʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʚʢʘʟʘʪʠ ʚ ʾʭ ʩʝʢʮʽʷʭ ʚʠʙʦʨʫ 

ʽʥʜʠʢʘʪʦʨʠ ʜʽʣʷʥʦʢ ʛʨʘʥʠʮʽ, ʥʘ ʷʢʠʭ ʚʦʥʠ ʜʽʶʪʴ, ʽ ʟʘʜʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ. 

  ɿʘʜʘʤʦ ʥʘ ʣʽʚʽʡ ʽ ʚʝʨʭʥʽʡ ʩʪʦʨʦʥʽ ʧʨʷʤʦʢʫʪʥʠʢʘ ʩʪʘʣʫ ʪʝʤʧʝʨʘʪʫʨʫ 

293.15 [K]. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 
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ɸʢʪʠʚʫʡʪʝ ʩʪʚʦʨʝʥʠʡ ʚʫʟʦʣ Temperature 1, ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Active ʚ ʨʦʟʜʽʣʽ 

Boundary Selection  (ʷʢʱʦ ʚʦʥʘ ʱʝ ʥʝ ʘʢʪʠʚʥʘ) ʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʢʣʘʮʥʽʪʴ 

ʧʦ ʣʽʚʽʡ ʽ ʚʝʨʭʥʽʡ ʩʪʦʨʦʥʘʤ ʧʨʷʤʦʢʫʪʥʠʢʘ. ɰʭ ʽʥʜʠʢʘʪʦʨʠ (ʥʦʤʝʨʠ) 1 ʽ 3 

ʜʦʜʘʜʫʪʴʩʷ ʚ ʩʝʢʮʽʶ ʚʠʙʦʨʫ Selection. ɺ ʨʦʟʜʽʣʽ Temperature  ʚ ʧʦʣʽ T0 

ʟʘʣʠʰʪʝ ʟʥʘʯʝʥʥʷ 293.15 [K] . 

  ʗʢʱʦ ʟʘʨʘʟ ʚʽʜʢʨʠʪʠ ʇɺ ʚʫʟʣʘ Thermal Insulation 1, ʪʦ ʚʠ ʧʦʙʘʯʠʪʝ, ʱʦ 

ʜʣʷ ʜʽʣʷʥʦʢ ʛʨʘʥʠʮʽ ʟ ʥʦʤʝʨʘʤʠ 1 ʽ 3 ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ çʪʝʧʣʦʽʟʦʣʷʮʽʷè 

ʧʝʨʝʚʘʥʪʘʞʝʥʘ (overridden). 

 
ɺʫʟʦʣ InitialValues  ʩʪʚʦʨʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʽ ʤʽʩʪʠʪʴ ʧʦʯʘʪʢʦʚʽ (ʟʘʟʚʠʯʘʡ 

ʥʫʣʴʦʚʽ) ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʥʝʣʽʥʽʡʥʦʛʦ ʨʦʟʚôʟʫʚʘʯʘ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ, ʘʙʦ 

ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ. ɺ ʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʚʫʟʦʣ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ ʧʦʯʘʪʢʦʚʫ ʫʤʦʚʫ ʥʝ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʥʫʣʴʦʚʦʶ, 

ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʚ ʨʽʚʥʷʥʥʽ ʫ ʚʠʛʣʷʜʽ 1/ T. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʜʣʷ ʧʦʯʘʪʢʫ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʩʣʽʜ ʚʠʢʦʨʠʩʪʘʪʠ ʽʥʰʝ ʧʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ. ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʟʘʜʘʥʦ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 293.15 [K] . ɿʘʣʠʰʪʝ ʡʦʛʦ ʙʝʟ ʟʤʽʥ. 

  ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʝ ʤʘʪʠ ʯʣʝʥʠ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʚʥʫʪʨʽʰʥʽ 

ʜʞʝʨʝʣʘ ʪʝʧʣʘ. ʋ ʥʘʩ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ ʩʪʦʾʪʴ ʯʣʝʥ QdzÖ, ʜʝ Q ʷʚʣʷʻ 

ʦʙ'ʻʤʥʫ ʛʫʩʪʠʥʫ  ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʘ. ʑʦʙ ʾʭ ʚʨʘʭʫʚʘʪʠ, ʧʦʪʨʽʙʥʦ 

ʩʪʚʦʨʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʚʫʟʦʣ ɼʄ ʽ ʟʘʜʘʪʠ ʚ ʡʦʛʦ ʇɺ ʧʘʨʘʤʝʪʨʠ ʜʞʝʨʝʣʘ ʪʝʧʣʘ. ɺ 

ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʟʦʥʦʶ, ʚ ʷʢʽʡ ʙʫʜʝ ʜʽʷʪʠ ʚʥʫʪʨʽʰʥ ̒ʜʞʝʨʝʣʦ ʪʝʧʣʘ, ʻ ʣʽʚʝ ʢʦʣʦ 

(ʜʣʷ ʮʴʦʛʦ ʚʦʥʦ ʽ ʩʪʚʦʨʶʚʘʣʦʩʷ). 

  ʇʦʙʫʜʫʡʪʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ. 

  Physics  - > Domain  -  Domains  ï> Heat Source 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Heat Transfer in Solids (ht) - Heat Source 1 ʚ ʩʝʢʮʽʶ 

ʚʠʙʦʨʫ ʧʦʤʽʩʪʽʪʴ ʽʥʜʠʢʘʪʦʨ ʣʽʚʦʛʦ ʢʦʣʘ. ɼʣʷ ʮʴʦʛʦ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʧʽʜʚʝʜʽʪʴ 

ʧʦʢʘʞʯʠʢ ʤʠʰʽ ʜʦ ʢʦʣʘ. ʗʢʱʦ ʚʦʥʦ ʥʝ ʟʤʽʥʠʪʴ ʢʦʣʽʨ, ʪʦ ʢʨʫʪʥʽʪʴ ʢʦʣʝʩʦ ʤʠʰʽ ʽ, 

ʢʦʣʠ ʢʦʣʦ ʟʤʽʥʠʪʴ ʢʦʣʽʨ, ʢʣʘʮʥʽʪʴ ʧʦ ʥʴʦʤʫ. ʅʦʤʝʨ 2 (ʽʥʜʠʢʘʪʦʨ ʢʦʣʘ) ʟôʷʚʠʪʴʩʷ 

ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ. ʇʦʪʽʤ ʚʚʝʜʽʪʴ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʜʞʝʨʝʣʘ ʪʝʧʣʘ: 

   Heat  Source  ï General source = True      (ʚʢʣʶʯʠʪʠ ʨʘʜ̔ʦʢʥʦʧʢʫ)  

   Heat Source ï Q0, < > = User defined , 100000  

ʊʫʪ Q0 ʷʚʣʷʻ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʪʝʧʣʘ (ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ 

ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ). ʉʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʚ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ 

( ) ]/[95.96341][25.0]/[100000
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ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʜʝʣʽ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ, ʻ 

ʚʫʟʦʣ Mesh (ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʽʪʢʘ). ɭ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʠʨʘʪʠ ʦʙʫʤʦʚʣʝʥʫ 

ʩʽʪʢʫ ʘʙʦ ʧʨʦʝʢʪʫʚʘʪʠ ʚʣʘʩʥʫ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʙʠʨʘʻʪʴʩʷ ʦʙʫʤʦʚʣʝʥʘ 

(Physics - controlled mesh ) ʩʽʪʢʘ ʨʦʟʤʽʨʦʤ Normal . ʗʢʱʦ ʘʢʪʠʚʫʚʘʪʠ ʚʫʟʦʣ 

Mesh 1 ʽ ʚ ʡʦʛʦ ʇɺ ʢʣʽʢʥʫʪʠ ʧʦ ʢʥʦʧʮʽ Build All, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚʛʦʨʽ ʮʽʻʾ 

ʧʘʥʝʣʽ, ʪʦ ʙʫʜʝ ʟʛʝʥʝʨʦʚʘʥʘ ʉʢɽ ʩʽʪʢʘ, ʷʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ɺ çʩʝʨʡʦʟʥʠʭè ʟʘʜʘʯʘʭ ʧʦʯʠʥʘʡʪʝ ʦʙʯʠʩʣʝʥʥʷ ʟ ʩʽʪʢʠ Normal  ʽ ʧʦʩʪʫʧʦʚʦ ʨʦʙʽʪʴ 

ʾʾ ʙʽʣʴʰ ʜʨʽʙʥʦʶ ʜʦʢʠ ʨʦʟʚôʷʟʦʢ ʥʝ ʧʝʨʝʩʪʘʥʝ ʟʤ̔ʥʶʚʘʪʠʩʷ. 

  ʗʢʱʦ ʥʘʪʠʩʥʫʪʠ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ Mesh, ʩʪʘʥʫʪʴ 

ʜʦʩʪʫʧʥʠʤʠ ʽʥʩʪʨʫʢʮʽʾ Free Triangular, Free Quad(rilateral), Mapped ʽ Boundary 

Layers. 

 
ʇʝʨʰʽ ʜʚʽ ʧʦʢʨʠʚʘʶʪʴ ʦʙʣʘʩʪʴ (ʜʚʦʚʠʤʽʨʥʫ) ʪʨʠʢʫʪʥʦʶ ʘʙʦ ʯʦʪʠʨʠʢʫʪʥʦʶ 

ʩʽʪʢʦʶ. Mapped ʩʽʪʢʘ ʧʦʢʨʠʚʘʻ ʦʙʣʘʩʪʴ ʯʦʪʠʨʠʢʫʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ 

çʜʦʪʨʠʤʫʶʪʴè ʬʦʨʤʫ ʛʨʘʥʠʮʽ. ɺʠʙʝʨʽʪʴ ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ ʧʦʢʨʠʪʪʷ, ʽ ʚʠʢʦʥʘʡʪʝ 

ʢʦʤʘʥʜʫ Build All. ɯʥʩʪʨʫʢʮʽʷ Refine ʜʦʟʚʦʣʷʻ ʟʛʫʩʪʠʪʠ ʽʩʥʫʶʯʫ ʩʽʪʢʫ ʫ ʚʩʽʡ 

ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʟʦʥʽ ʘʙʦ ʪʽʣʴʢʠ ʚ ʜʝʷʢʽʡ ʾʾ ʧʜ̔ʦʙʣʘʩʪ.̔ ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ Mesh 

ʧʦʪʨʽʙʥʦ ʧʝʨʝʡʪʠ ʚ ʨʝʞʠʤ User - controlled mesh , ʘ ʧʦʪʽʤ ʚʠʢʣʠʢʘʪʠ ʢʦʤʘʥʜʫ 

Refine ʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʘʙʦ ʟ ʟʘʢʣʘʜʢʠ Mesh ʩʪʨʽʯʢʠ ʧʘʥʝʣʝʡ. ɿʘʣʠʰʠʤʦ ʚ 

ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ çʥʦʨʤʘʣʴʥʫè ʩʽʪʢʫ. 

  ʆʙʯʠʩʣʶʚʘʥʥʷ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʢʦʤʘʥʜʦʶ Compute. ɰʾ ʤʦʞʥʘ 

ʚʠʢʣʠʢʘʪʠ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʢʣʘʮʘʥʥʷʤ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ 

Study 1 ʽ ʚʠʙʦʨʦʤ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʧʫʥʢʪʫ Compute, ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ 
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ʢʣʘʚʽʰʝ  ʁF8, ʘʙʦ ʟ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʠʢʣʠʢʦʤ ʽʥʩʪʨʫʢʮʽʾ Home ï Study  ï 

Compute. 

  ɿʜʽʡʩʥʽʪʴ ʦʙʯʠʩʣʝʥʥʷ ʢʣʘʚʽʰʝʶ F8. ʋ ʧʨʘʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʢʫ ʛʦʣʦʚʥʦʛʦ 

ʚʽʢʥʘ ʚʠ ʧʦʙʘʯʠʪʝ ʽʥʜʠʢʘʪʦʨ ʚʠʢʦʥʘʥʥʷ. 

 
ʗʢʱʦ ʟ ʷʢʦʾ-ʥʝʙʫʜʴ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝ ʧʦʤʠʣʢʘ, ʪʦ ʟ'ʷʚʣʷʻʪʴʩʷ ʚʽʢʥʦ 

ʧʦʚʽʜʦʤʣʝʥʴ. ʂʨʽʤ ʮʴʦʛʦ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʤʠʣʢʫ ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʇɺ ʚʫʟʣʘ 

Study 1 - Solver Configurations - Solution 1 - Stationary Solver 1 - Information - 

Error 1. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʪʫʪ ʪʠʨʝ ʨʦʟʜʽʣʷʻ ʥʘʟʚʠ ʚʫʟʣʽʚ ʽ ʧʽʜʚʫʟʣʽʚ ɼʄ. ʗʢʱʦ 

ʧʦʤʠʣʦʢ ʥʝʤʘʻ, ʪʦ ʟʘʟʚʠʯʘʡ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʶʪʴʩʷ ʚʫʟʣʠ ʟ ʛʨʘʬʽʢʘʤʠ 

ʨʦʟʚôʷʟʢʽʚ. ɺ ʇɺ ʢʦʞʥʦʛʦ ʚʫʟʣʘ Study ʻ ʧʨʘʧʦʨʝʮʴ Generate default plots , ʦɦ 
ʚʩʪʘʥʦʚʣʶʻ ʦʟʥʘʢʫ ʛʝʥʝʨʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

 
ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʜʚʽ ʛʨʘʬʽʯʥʽ ʛʨʫʧʠ (ʪʠʧʫ 2D Plot Group): 

Temperature (ht) ʽ Isothermal Contours (ht). ʇʝʨʰʘ ʙʫʜʝ ʤʽʩʪʠʪʠ ʚʫʟʦʣ 

Surface 1, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ. 

ɼʨʫʛʘ ʫ ʚʫʟʣʽ Contour 1 ʤʽʩʪʠʪʴ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ. 

 
ʅʘʜ ʢʦʞʥʠʤ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ ʨʦʟʪʘʰʦʚʘʥʘ ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʛʨʘʬʽʢʘʤʠ. ɰʾ 

ʽʢʦʥʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʘʙʦ ʟʤʝʥʰʠʪʠ ʟʦʙʨʘʞʝʥʥʷ (Zoom In, Zoom Out, 

Zoom Box, Zoom Extents), ʟʙʝʨʝʛʪʠ ʡʦʛʦ ʚ ʬʘʡʣ ʯʠ ʙʫʬʝʨ ʦʙʤʽʥʫ (Image 

Snapshot), ʘʙʦ ʥʘʜʨʫʢʫʚʘʪʠ. 
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ɼʚʦʚʠʤʽʨʥʽ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʦʢ ʤʠʰʽ: 

¶ ʥʘʪʠʩʢʘʥʥʷ ʧʨʘʚʦʾ ʢʥʦʧʢʠ ʤʠʰʽ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʠʰʽ 
ʟʩʦʚʫʻ ʟʦʙʨʘʞʝʥʥʷ; 

¶ ʥʘʪʠʩʢʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʥʦʧʢʠ ʤʠʰʽ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ 

ʤʠʰʽ ʤʘʩʰʪʘʙʫʻ ʟʦʙʨʘʞʝʥʥʷ; 

ɿʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʠʜʫ, ʢʣʘʮʥʫʚʰʠ ʧʦ ʽʢʦʥʮʽ      

 Go to View , ʽ ʚʠʙʨʘʚʰʠ ʚ ʩʧʠʩʢʫ ʦʜʠʥ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ çʚʠʜʽʚè. 

  ɺ ʢʦʤʧʦʥʝʥʪʽ ʤʦʞʥʘ ʤʘʪʠ ʢʽʣʴʢʘ ʉʢɽ ʩʽʪʦʢ ʽ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ 

ʢʦʞʥʦʾ ʟ ʥʠʭ ʦʢʨʝʤʦ. ʆʙʠʜʚʘ ʧʦʧʝʨʝʜʥʽʭ ʛʨʘʬʽʢʘ ʧʦʙʫʜʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

çʥʦʨʤʘʣʴʥʦʾè ʉʢɽ ʩʽʪʢʠ. ɺʠ ʤʦʞʝʪʝ ʧʦʚʝʨʥʫʪʠʩʷ ʥʘʟʘʜ ʽ ʩʪʚʦʨʠʪʠ ʜʨʫʛʫ ʙʽʣʴʰ 

ʜʨʽʙʥʫ ʩʽʪʢʫ. ʅʘʧʨʠʢʣʘʜ, ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ 

Component 1 ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Add Mesh. ɺ ʛʽʣʮʽ 

Meshes ʙʫʜʝ ʩʪʚʦʨʝʥʠʡ ʚʫʟʦʣ Mesh 2, ʚ ʇɺ ʷʢʦʛʦ ʚʠ ʤʦʞʝʪʝ ʟʘʜʘʪʠ Extra fine  

ʨʦʟʤʽʨ ʥʦʚʦʾ ʩʽʪʢʠ. 

 
ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʢʨʠʡʪʝ ʇɺ ʚʫʟʣʘ Study 1 - Step 1: Stationary, ʽ ʚ ʨʦʟʜʽʣʽ Mesh 

Selection  ʚʠʙʝʨʽʪʴ ʜʨʫʛʫ ʩʽʪʢʫ Mesh 2. ʇʦʚʪʦʨʽʪʴ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ, 

ʥʘʪʠʩʥʫʚʰʠ ʥʘ ʢʣʘʚʽʰʫ F8. 

 
ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʥʘʙʦʨʽ (ʜʞʝʨʝʣʽ) ʜʘʥʠʭ Study 1/Solution 1. ʈʘʟʦʤ ʟ 

ʮʠʤ ʙʫʜʫʪʴ ʦʥʦʚʣʝʥʽ ʛʨʘʬʽʢʠ Temperature (ht) ʽ Isothermal Contours (ht), ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʽ ʜʘʥʽ. ɸʚʪʦʤʘʪʠʯʥʝ ʦʥʦʚʣʝʥʥʷ ʛʨʘʬʽʢʽʚ ʟʘʜʘʻʪʴʩʷ ʫʩʪʘʥʦʚʢʦʶ 

ʧʨʘʧʦʨʮʷ Automatic update of plots  ʚ ʇɺ ʚʫʟʣʘ Results. 
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ɺʠʙʠʨʘʪʠ ʨʽʟʥʽ ʩʽʪʢʠ ʧʦ ʯʝʨʟʽ ʥʝ ʟʘʚʞʜʠ ʟʨʫʯʥʦ. ʗʢʱʦ ʚʠ ʭʦʯʝʪʝ, ʱʦʙ ʦʙʠʜʚʘ 

ʨʝʟʫʣʴʪʘʪʠ ʽʩʥʫʚʘʣʠ ʦʜʥʦʯʘʩʥʦ, ʪʦ ʚ ʤʦʜʝʣʽ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʜʨʫʛʠʡ ʚʫʟʦʣ 

Study. ɼʣʷ ʮʴʦʛʦ ʚʠʜʽʣʽʪʴ ʢʦʨʝʥʝʚʠʡ ʚʫʟʦʣ ʤʦʜʝʣʽ root (ʩʘʤʠʡ ʚʝʨʭʥʽʡ ʚʫʟʦʣ 

ɼʄ), ʢʣʘʮʥʽʪʴ ʧʦ ʥʴʦʤʫ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ 

ʢʦʤʘʥʜʫ Add Study. ʉʠʩʪʝʤʘ ʚʽʜʢʨʠʻ ʚʽʢʥʦ ʚʠʙʦʨʫ ʪʠʧʫ ʜʦʩʣʽʜʞʝʥʥʷ (Add 

Study ). ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʤʦʞʝ ʙʫʪʠ ʩʪʘʮʽʦʥʘʨʥʝ ʘʙʦ ʜʠʥʘʤʽʯʥʝ 

ʦʙʯʠʩʣʝʥʥʷ. 

 
ɺʠʢʦʥʘʡʪʝ ʧʦʜʚʽʡʥʝ ʢʣʘʮʘʥʥʷ ʤʠʰʽ ʧʦ ʨʷʜʢʫ Stationary  ʽ ʟʘʢʨʠʡʪʝ ʚʽʢʥʦ 

ʭʨʝʩʪʠʢʦʤ ʚ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ. ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʟ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Study 2. 

ɸʢʪʠʚʫʡʪʝ ʡʦʛʦ ʧʽʜʚʫʟʦʣ Step 1: Stationary, ʽ ʚ ʇɺ ʚ ʨʦʟʜʽʣʽ Mesh Selection  

ʚʠʙʝʨʽʪʴ Mesh 2. ɺʠʢʦʥʘʡʪʝ ʦʙʯʠʩʣʝʥʥʷ Study 2 , ʥʘʧʨʠʢʣʘʜ, ʢʣʘʚʽʰʝʶ F8 

(ʢʦʣʠ ʘʢʪʠʚʥʠʡ ʚʫʟʦʣ Study 2 ). ʇʦʪʽʤ ʧʦʚʝʨʥʽʪʴʩʷ ʫ ʚʫʟʣʽ Study 1 ʜʦ ʧʝʨʰʦʾ 

ʩʽʪʢʠ Mesh 1  ʽ ʧʝʨʝʦʙʯʠʩʣʽʪʴ ʮʶ ʚʝʨʩʽʶ ʟʘʜʘʯ ̔(ʢʣʘʚʽʰʝʶ F8, ʢʦʣʠ ʘʢʪʠʚʥʠʡ 

ʚʫʟʦʣ Study 1). ʊʝʧʝʨ ʚ ʛʽʣʮʽ ʜʘʥʠʭ Results - Data Sets ʙʫʜʫʪʴ ʧʨʠʩʫʪʥʽ ʜʚʘ 

ʥʘʙʦʨʠ ʜʘʥʠʭ Study 1/Solution 1 ʽ Study 2/Solution 2, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʚʘ 

ʨʦʟʚôʷʟʢʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʨʽʟʥʠʭ ʩʽʪʢʘʭ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʢʦʞʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

Study ʙʫʜʫʻ ʧʦ ʜʚʘ ʛʨʘʬʽʢʘ Temperature (ht) ʽ Isothermal Contours (ht). ʇʨʠ 

ʮʴʦʤʫ ʚ ʥʘʟʚʠ ʛʨʘʬʽʢʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʦʙʯʠʩʣʝʥʥʷ, ʙʫʜʫʪʴ ʜʦʜʘʥʽ 

ʦʜʠʥʠʮʽ. 

  ʅʘʰʦʶ ʤʝʪʦʶ ʻ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʘ ʨʽʟʥʠʮʽ ʜʚʦʭ ʨʦʟʚôʷʟʢʽʚ. ɼʣʷ ʮʴʦʛʦ ʚ 

ʛʽʣʮʽ Data Sets ʩʪʚʦʨʽʪʴ ʱʝ ʦʜʠʥ ʥʘʙʽʨ ʜʘʥʠʭ, ʢʣʘʮʥʫʚʰʠ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ 

ʧʦ ʚʫʟʣʫ Data Sets, ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʨʘʚʰʠ ʢʦʤʘʥʜʫ Join. ʊʦʙʪʦ 

ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʶ 

   Data Sets: RMB > Join 

ɺʫʟʣʠ ʪʠʧʫ Join  ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʙʽʥʫʚʘʪʠ ʨʦʟʚôʷʟʢʠ. 
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ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Join 1 ʚ ʨʦʟʜʽʣʽ Data  1 ʚʠʙʝʨʽʪʴ ʧʝʨʰʠʡ ʨʦʟʚôʷʟʦʢ, ʘ ʚ 

ʨʦʟʜʽʣʽ Data  2 - ʜʨʫʛʠʡ (ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ). ʋ ʨʦʟʜʽʣʽ 

Combination  ʚ ʩʧʠʩʢʫ Method  ʚʠʙʝʨʽʪʴ Explicit . ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʧʦʣʷʭ 

ʚʠʨʘʟʽʚ, ʚ ʷʢʠʭ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʮʽ ʜʘʥʽ, ʜʦ ʧʝʨʰʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʤʦʞʥʘ ʟʚʝʨʪʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʦʨʘ data1 (ʟʤʽʥʥʘ), ʥʘʧʨʠʢʣʘʜ, 

data1(T) . ɸʥʘʣʦʛʽʯʥʦ, ʟʚʝʨʥʝʥʥʷ ʜʦ ʜʨʫʛʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʪʦʨʘ data2 (ʟʤʽʥʥʘ). ʊʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʛʨʘʬʽʢ 

ʨʽʟʥʠʮʽ ʜʚʦʭ ʨʦʟʚôʷʟʢʽʚ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʚʠʨʘʟʫ data1 (T)  -

 data2 (T) . ɺʠʢʦʥʘʻʤʦ ʮʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʽʥʩʪʨʫʢʮʽʡ. 

  Results  - > Plot  Group  - >2D Plot Group 

Results - 2D Plot Group 5: 
  2D Plot Group 5 - > Surface 

2D Plot Group 5 ï Surface 1: 

   Data ï Data set = Join  1 

   Expression ï Expression = data1(T) -  data2(T)  

  LMB > Plot 
ɹʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ. 

 
ɿ̔ ʰʢʘʣʠ ʢʦʣʴʦʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʧʨʘʚʦʨʫʯ, ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʫʤ ʨʽʟʥʠʮʽ 

ʨʦʟʚôʷʟʢʽʚ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 0.015[K]. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʜʨʫʛʠʡ 

ʨʦʟʚôʷʟʦʢ ʪʦʯʥʽʰʠʡ ʟʘ ʧʝʨʠhʡ, ʦʩʢʽʣʴʢʠ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽʡ ʩʽʪʮʽ. 

ɿʘʫʚʘʞʝʥʥʷ. ɻʨʘʬʽʢ ʪʽʻʾ ʞ ʨʽʟʥʠʮʽ ʨʦʟʚôʷʟʢʽʚ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʙʫʜʫʚʘʪʠ ʜʝʱʦ 

ʧʦ-ʽʥʰʦʤʫ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʙ ʩʪʚʦʨʠʪʠ ʪʘʢʠʡ ʞʝ ʚʫʟʦʣ Join , ʘʣʝ ʚ ʩʧʠʩʢʫ 

Combination  -  Method  ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ Difference  (ʈʽʟʥʠʮʷ). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʘʟʫ T ʚ ʚʫʟʣʽ Results - 2D Plot Group 5 - Surface 1, ʷʢʠʡ 

çʩʧʠʨʘʻʪʴʩʷè ʥʘ ʮʝʡ ʥʦʚʠʡ ʥʘʙʽʨ ʜʘʥʠʭ Join 2, ʦʟʥʘʯʘʣʦ ʙ ʦʙʯʠʩʣʝʥʥʷ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʦʟʚôʷʟʢʽʚ. 

  ʇʨʠ ʦʙʯʠʩʣʶʚʘʥʥʽ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʧʦʪʨʽʙʥʦ 

ʟʘʧʠʩʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ, ʚ ʷʢʽ ʚʭʦʜʷʪʴ ʽʤʝʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʤʽʥʥʠʭ. 

ɼʝʷʢʽ ʽʤʝʥʘ ʤʠ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ. ʅʘʧʨʠʢʣʘʜ ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ T ʷʚʣʷʻ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʊʘʢʽ ʽʤʝʥʘ ʩʪʚʦʨʶʶʪʴʩʷ ʨʘʟʦʤ ʟ ʚʠʙʦʨʦʤ ʧʨʠʢʣʘʜʥʦʛʦ ʨʝʞʠʤʫ, ʚ 

ʥʘhʦʤʫ ʚʠʧʘʜʢʫ Heat T ransfer in Solids . ɯʤʝʥʘ Tx ʽ Ty ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɸʣʝ ʚ 

ʧʨʠʢʣʘʜʥʠʭ ʨʝʞʠʤʘʭ ʩʪʚʦʨʶʻʪʴʩʷ ʙʘʛʘʪʦ ʽʥʰʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʚʠʨʘʟʘʭ. 

  ɼʝʷʢʽ ʟʤʽʥʥ ̔COMSOL Multiphysics ʜʦʩʪʫʧʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʜʽʶʯʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʨʝʞʠʤʫ. ʉʝʨʝʜ ʥʠʭ ʻ ʟʤʽʥʥʽ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ 
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ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʙ'ʻʢʪʽʚ ʤʦʜʝʣʽ. ʅʘʧʨʠʢʣʘʜ ʚ ʜʚʦʚʠʤʽʨʥʠʭ 

ʟʘʜʘʯʘʭ ̔ʤ'ʷ s ʷʚʣʷʻ ʧʘʨʘʤʝʪʨ ʚʟʜʦʚʞ ʢʨʠʚʦʾ, ʘ ʽʤʝʥʘ tx,ty,nx,ny  

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʦʜʠʥʠʯʥʠʭ ʚʝʢʪʦʨʽʚ ʜʦʪʠʯʥʦʾ ʽ ʥʦʨʤʘʣʽ ʜʦ ʢʨʠʚʦʾ. 

ʂʦʣʠ ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟ ʥʘ ʢʨʠʚʽʡ, ʥʘʧʨʠʢʣʘʜ ʛʨʘʥʠʯʥʘ ʫʤʘʚʘ, ʪʦ ʪʘʢʽ ʽʤʝʥʘ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʦʣʽ Expression. ɼʦʧʫʩʪʠʤʽ ʽʤʝʥʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʧʠʩʢʫ ʛʦʪʦʚʠʭ ʚʝʣʠʯʠʥ. ɺʽʥ  ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʢʥʦʧʢʦʶ 

 Replace Expression, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʨʘʚʦʨʫʯ ʥʘʜ ʢʦʞʥʠʤ ʧʦʣʝʤ Expression . 

ʅʘʧʨʠʢʣʘʜ, ʽʤʝʥʘ ʟʤʽʥʥʠʭ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʽ 

ʢʨʠʚʦʾ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʧʠʩʢʫ/ʜʝʨʝʚʽ ʛʦʪʦʚʠʭ ʚʝʣʠʯʠʥ ʚ ʛʽʣʮʽ  Model  -

 Component 1  ï Geometry  - Normal . 

 
 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠ ʙʘʞʘʻʤʦ ʦʙʯʠʩʣʠʪʠ ʩʫʤʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʤʝʞʫ 

ʜʞʝʨʝʣʘ ʪʝʧʣʘ (ʣʽʚʦʛʦ ʢʦʣʘ). ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩʣʠʪʠ ʽʥʪʝʛʨʘʣ ñÖ
C

sdnq , 

ʜʝ C ï ʢʦʣʦ (ʢʨʠʚʘ ʥ̔ʪʝʛʨʫʚʘʥʥʷ), q ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

(ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ), n ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ ʢʨʠʚʦʾ. 

  ʇʦʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ q ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʪʦʤʫ ʞ ʩʧʠʩʢʫ/ʜʝʨʝʚʽ 

ʚʽʢʥʘ ʛʦʪʦʚʠʭ ʚʝʣʠʯʠʥ ʚ ʛʽʣʮʽ Model  -  Component  1 -  Heat  Transfer  in  

Solids  -  Domain  fluxes  -  Total  heat  flux . 

 
ʆʪʞʝ ʽʤʝʥʘ ht.tfluxx  ʽ ht.tfluxy  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

  ɯʥʰʠʡ ʩʧʦʩʽʙ ʟʥʘʡʪʠ ʽʤʝʥʘ ʟʤʽʥʥʠʭ, ʷʢ ̔ʚʠʟʥʘʯʝʥʽ ʚ ʦʙʨʘʥʦʤʫ ʬʽʟʠʯʥʦʤʫ 

ʽʥʪʝʨʬʝʡʩʽ, ʧʦʣʷʛʘ̒  ʚ ʧʝʨʝʛʣʷʜʽ ʪʘʙʣʠʮʽ ʟʤʽʥʥʠʭ ʚ ʇɺ ʚʫʟʣʘ Heat Transfer in 

Solids 1 - Equation View. ʋ ʚʫʟʣʘʭ ʪʠʧʫ Equation  View   ʧʨʠʚʦʜʷʪʴʩʷ ʪʘʙʣʠʮʽ 

ʽʩʥʫʶʯʠʭ ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ). ɸʣʝ ʪʘʢʽ ʚʫʟʣʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ɼʄ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʚ ʩʧʠʩʢʫ  Show, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʚʛʦʨʽ ʧʘʥʝʣʽ Model  Builder , ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʘʧʦʨʝʮʴ Equation View  

(ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ).  
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ʆʙʯʠʩʣʠʤʦ ʩʫʤʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʤʝʞʫ ʜʞʝʨʝʣʘ ʪʝʧʣʘ (ʣʽʚʝ ʢʦʣʦ), 

ʪʦʙʪʦ ʦʙʯʠʩʣʠʤʦ ʽʥʪʝʛʨʘʣ ñÖ
C

sdnq . ɼʣʷ ʮʴʦʛʦ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ 

ʧʦ ʚʫʟʣʫ Results - Derived Values ʽ ʚ ʢʦʥʪʝʢʩʪʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ 

Integration - Line Integration. ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Line Integration 1 ʚ ʩʝʢʮʽʶ 

ʚʠʙʦʨʫ (ʢʣʘʮʘʶʯʠ ʤʠʰʝʶ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ) ʧʦʤʽʩʪʽʪʴ ʽʥʜʠʢʘʪʦʨʠ ʜʫʛ ʣʽʚʦʛʦ 

ʢʦʣʘ 5, 6, 7, 8. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʦ ʮʠʤ ʢʨʠʚʠʤ 

(ʪʦʙʪʦ ʧʦ ʚʩʽʡ ʦʢʨʫʞʥʦʩʪʽ). ʑʦʙ ʽʥʪʝʛʨʘʣ ʦʙʯʠʩʣʶʚʘʚʩʷ ʚʽʜ ʚʝʣʠʯʠʥʠ nqÖ , ʜʝ 

( )yx qq ,=q  ʚʝʢʪʦʨ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘ ( )yx nn ,=n  ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʽ ʜʦ 

ʢʨʠʚʦʾ, ʚ ʧʦʣʝ Expression  ʇɺ ʚʫʟʣʘ Line Integration 1 ʩʣʽʜ ʚʚʝʩʪʠ ʚʠʨʘʟ 

yyxx nqnq + . ɺ ʧʦʟʥʘʯʝʥʥʷʭ COMSOL Multiphysics ʚʥ̔ ʤʦʞʝ ʙʫʜʝ ʟʘʧʠʩʘʥʠʡ ʫ 

ʚʠʛʣʷʜʽ  ht.tfluxx*nx  + ht.tfluxy*ny .  

 
ʂʣʘʮʥʽʪʴ ʚʛʦʨʽ ʧʘʥʝʣʽ Line Integration 1 ʧʦ ʢʥʦʧʮʽ Evaluate, ʽ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ 

ʟʦʥʽ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ ʟ'ʷʚʠʪʴʩʷ ʪʘʙʣʠʮʷ ʟʽ ʟʥʘʯʝʥʥʷʤ 19583. ʊʝʧʝʨ ʱʝ ʨʘʟ 

ʦʙʯʠʩʣʽʪʴ ʽʥʪʝʛʨʘʣ, ʘʣʝ ʧʦ ʣʽʚʽʡ ʽ ʚʝʨʭʥʽʡ ʩʪʦʨʦʥʘʭ ʢʚʘʜʨʘʪʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʜʘʣʽʪʴ 

ʟ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ʥʦʤʝʨʠ ʜʫʛ ʢʦʣʘ (ʧʦʚʪʦʨʥʦ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʢʣʘʮʥʽʪʴ ʧʦ ʥʠʤ), 

ʽ ʜʦʜʘʡʪʝ ʽʥʜʠʢʘʪʦʨʠ  1 ʽ 3 ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʦʨʽʥ ʧʨʷʤʦʢʫʪʥʠʢʘ. ʈʦʟʢʨʠʡʪʝ 

ʢʥʦʧʢʫ - ʩʧʠʩʦʢ Evaluate ʽ ʚʠʙʝʨʽʪʴ Tabl e 1. ɺ ʪʽʡ ʞʝ ʪʘʙʣʠʮʽ ʟ'ʷʚʠʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ 19611. ʊʝʧʝʨ ʽʥʪʝʛʨʘʣ ʚʽʜ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʚʠʨʘʟʫ 
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ʦʙʯʠʩʣʶʚʘʚʩʷ ʫʟʜʦʚʞ ʣʽʚʦʾ ʽ ʚʝʨʭʥʴʦʾ ʩʪʦʨʽʥ ʢʚʘʜʨʘʪʘ. ʆʩʢʽʣʴʢʠ ʧʦʚʠʥʝʥ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ, ʘ ʥʘ ʽʥʰʠʭ ʜʽʣʷʥʢʘʭ ʛʨʘʥʠʮʽ ʟʘʜʘʥʠʡ ʥʫʣʴʦʚʠʡ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʪʦ ʦʙʠʜʚʘ ʽʥʪʝʛʨʘʣʠ ʧʦʚʠʥʥʽ ʙʫʣʠ ʙ ʟʙʽʛʪʠʩʷ. ʆʜʥʘʢ ʚ ʩʠʣʫ 

ʥʘʙʣʠʞʝʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʚʦʥʠ ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʇʦʚʪʦʨʽʪʴ ʜʚʘ ʦʩʪʘʥʥʽʭ 

ʦʙʯʠʩʣʝʥʥʷ, ʘʣʝ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʣʷ Line Integration  ʦʙʝʨʽʪʴ 

Study 2/Solution 2. ʇʦʤʽʩʪʽʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚ ʪʫ ʞ ʩʘʤʫ ʪʘʙʣʠʮʶ. 

 
ɼʦ ʨʝʯʽ, ʤʠ ʟʥʘʻʤʦ ʪʦʯʥʫ ʚʽʜʧʦʚʽʜʴ, ʙʦ ʩʫʤʘʨʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʤʝʞʫ 

ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʩʫʤʘʨʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣʘ, ʪʦʙʪʦ 

ʚʝʣʠʯʠʥʽ ]/[95.96341 mWQ =S , ʷʢʫ ʤʠ ʦʙʯʠʩʣʠʣʠ ʨʘʥʽʰʝ. 

  ɿʘʛʘʣʴʥʫ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʤʠ ʤʦʞʝʤʦ ʪʘʢʦʞ ʦʙʯʠʩʣʠʪʠ ʷʢ 

ʧʦʜʚʽʡʥʠʡ ʽʥʪʝʛʨʘʣ ʧʦ ʦʙʣʘʩʪʽ. ɼʽʡʩʥʦ, ʧʦʪʫʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʤʠ 

ʟʘʜʘʣʠ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʘʥʠʭ ʫ ʇɺ ʚʫʟʣʘ Heat Source 1. ʊʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ ʧʦ ʦʙʣʘʩʪʽ ʣʽʚʦʛʦ ʢʦʣʘ ʜʘʩʪʴ ʧʦʪʨʽʙʥʫ ʩʫʤʘʨʥʫ ʧʦʪʫʞʥʽʩʪʴ. 

Results - > Derived Values:  

   RMB > Integration - Surface Integration  

Results -> Derived Values ï Surface Integration 2: 

   Data ï Data set = Study 1/Solution 1  

   Selection ï Selection = Manual  

ʋ ʨʦʟʜʽʣʽ Selection  ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Active (ʷʢʱʦ ʚʦʥʘ ʱʝ ʥʝ ʘʢʪʠʚʥʘ) ʽ ʚ 

ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʢʣʘʮʥʽʪʴ ʧʦ ʣʽʚʦʤʫ ʢʦʣʫ, ʜʦʜʘʚʰʠ ʽʥʜʠʢʘʪʦʨ 2 ʚ ʩʝʢʮʽʶ 

ʚʠʙʦʨʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʦ ʮʽʡ ʦʙʣʘʩʪʽ (ʪʦʙʪʦ 

ʧʦ ʚʩʴʦʤʫ ʢʦʣʫ). ʇʦʪʽʤ ʚʚʝʜʽʪʴ: 

   Expression  ï Expression  = ht . hs1. Q 

ɯʤôʷ ʟʤʽʥʥʦʾ ht . hs1. Q, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʫ ʚʽʢʥʽ Equation View ʚʫʟʣʘ Heat Source 1. 

 
 

ʊʝʧʝʨ ʥʘʜʨʫʢʫʻʤʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ, ʚʠʢʦʥʘʚʰʠ ʢʦʤʘʥʜʫ 
   LMB > Evaluate ïTable 1 

ɺ ʪʘʙʣʠʮʽ Table 1 ʟôʷʚʠʪʴʩʷ ʟʥʘʯʝʥʥʷ 19635 . 

  ɺʟʘʛʘʣʽ, ʧʨʠʢʣʘʜʥʽ ʽʥʪʝʨʬʝʡʩʠ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʜʦʜʘʪʢʦʚʠʭ ʦʙʯʠʩʣʶʚʘʥʠʭ 

ʚʝʣʠʯʠʥ. ɿʚʽʩʥʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣ ʪʝʧʣʘ ʪʝʞ ʦʙʯʠʩʣʶʻʪʴʩʷ. 

ʇʝʨʝʚʽʨʠʤʦ ʮʝ.  

  ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʨʫʢʫʚʘʪʠ ʟʥʘʯʝʥʥʷ, ʷʢ ̔ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʚ ʛʽʣʮʽ Derived Values ʩʪʚʦʨʶʶʪʴʩʷ ʚʫʟʣʠ ʪʠʧʫ Global 

Evaluation .  

Results - > Derived Values: RMB > Global Evaluation  

Results -> Derived Values ï Global Evaluation 1: 
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   Expression  ï Expression  = ht . QInt  

ɯʤôʷ ʟʤʽʥʥʦʾ ht . QInt , ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʛʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʤʠ 

ʟʥʘʭʦʜʠʤʦ ʫ ʚʽʢʥʽ ʛʦʪʦʚʠʭ ʚʝʣʠʯʠʥ ʧʦʣʷ Expression .   

 
ʅʘʜʨʫʢʫʤ̒ʦ ʮʝ ʟʥʘʯʝʥʥʷ ʚ ʧʝʨʰʽʡ ʪʘʙʣʠʮʽ. 
   LMB > Evaluate ïTable 1 

 
ɭʜʠʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʣʷʛʘʻ ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʘ 

ʜʣʷ ʟʤʽʥʥʦʾ ht . QInt  ʜʦʨʽʚʥʶʻ W (ʚʦʥʘ ʚʞʝ ʧʦʤʥʦʞʝʥʘ ʥʘ 1 ʤ ʫʤʦʚʥʦʾ ʪʦʚʱʠʥʠ 

ʢʦʥʩʪʨʫʢʮʽʾ). 

  ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʚʠ ʙʘʞʘʻʪʝ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ʫʟʜʦʚʞ 

ʙʽʣʴʰʦʾ ʦʩʽ ʧʨʷʤʦʢʫʪʥʠʢʘ. ʊʦʜʽ ʚ ʤʦʜʝʣʴ ʚ ʛʽʣʢʫ Results ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ 

ʦʜʥʦʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʽ ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ. ɸʣʝ ʩʧʝʨʰʫ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ 

ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʷʢʝ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʚôʷʟʦʢ ʫʟʜʦʚʞ ʙʘʞʘʥʦʾ ʣʽʥʽʾ. 

ʆʪʞʝ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 
   Results  - > Data Set - Cut Line 2D 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Cut Line 2D 1 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Study 1/Solution 1  

   Line Data ï Point 1 ï x, y = 0,0.5          (ʜʚʘ ʧʦʣʷ) 

   Line Data ï Point 2 ï x, y = 3,0.5          (ʜʚʘ ʧʦʣʷ) 

ʇʦʙʫʜʫʡʪʝ ʣʽʥʽʶ ʢʦʤʘʥʜʦʶ Plot. 

 
ʊʝʧʝʨ ʧʦʙʫʜʫʡʪʝ ʥʘ ʮʽʡ ʣʽʥʽʾ ʛʨʘʬʽʢ. ʉʪʚʦʨʽʪʴ ʛʨʫʧʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ 

ʢʦʤʘʥʜʦʶ 

   Results  - > Plot Group  -  1D Plot Group 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ 1D Plot Group 6 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Cut Line 2D 1  

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʥʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ ʟ'ʷʚʠʣʘʩʷ ʟʘʢʣʘʜʢʘ 1D Plot Group  6. 

ɿ ʥʝʾ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ 

   1D Plot  Group  6- > Line Graph 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Line Graph 1 ʚʚʝʜʽʪʴ: 
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   y- Axis Data ï Expression = T 

   x- Axis Data ï Parameter , Expression  = Expression ,x    (ʜʚʘ ʧʦʣʷ) 

ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʤʘʥʜʦʶ Plot. 

 
ɼʦʜʘʡʪʝ ʩʶʜʠ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ʚʟʜʦʚʞ ʥʠʞʥʴʦʾ ʩʪʦʨʦʥʠ ʧʨʷʤʦʢʫʪʥʠʢʘ. ɼʣʷ 

ʮʴʦʛʦ ʚ ʧʦʪʦʯʥʽʡ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧ ̔ʩʪʚʦʨʽʪʴ ʱʝ ʦʜʠʥ ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ. 

   1D Plot Group 6 - > Line Graph 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ 1D Plot Group 6 - Line Graph 2 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Study 1/Solution 1  

   Selection ï Selection = Manual  

ʋ ʨʦʟʜʽʣʽ Selection  ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Active ʽ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʢʣʘʮʥʽʪʴ ʧʦ 

ʥʠʞʥʽʡ ʩʪʦʨʦʥʽ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʜʦʜʘʚʰʠ ʽʥʜʠʢʘʪʦʨ 2 ʚ ʩʝʢʮʽʶ ʚʠʙʦʨʫ. ʇʦʪʽʤ 

ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ: 

   y- Axis Data ï Expression = T 

   x- Axis Data ï Parameter , Expression  = Expression ,x    (ʜʚʘ ʧʦʣʷ) 

  LMB > Plot 

 
ʇʝʨʝʜ ʧʦʙʫʜʦʚʦʶ ʛʨʘʬʽʢʘ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʷʢʦʾ ʥʝʤʘʻ ʚ ʧʦʯʘʪʢʦʚʽʡ ʛʝʦʤʝʪʨʽʾ, ʤʠ 

ʙʫʜʫʚʘʣʠ ʦʢʨʝʤʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ (Cut Line 2D 1). ɼʣʷ ʮʴʦʛʦ ʤʠ ʟʘʜʘʣʠ ʡʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚ ʛʝʦʤʝʪʨʽʾ ʢʦʤʧʦʥʝʥʪʘ. ɸʣʝ ʢʨʽʤ ʮʴʦʛʦ ʪʘʢʝ ʜʞʝʨʝʣʦ ʤʽʩʪʠʪʴ ʚʩʽ 

ʜʘʥʽ ʟ ʨʦʟʚôʷʟʢʫ Study 1/Solution 1 , ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʡʦʛʦ ʛʝʦʤʝʪʨʽʾ. ʇʽʩʣʷ 

ʩʪʚʦʨʝʥʥʷ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ. ɼʣʷ 

ʮʴʦʛʦ ʚ ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʘʭ ʚ ʧʦʣʷʭ Data  - Data set  ʚʢʘʟʫʻʪʴʩʷ ʽʤ'ʷ ʮʴʦʛʦ 

ʜʞʝʨʝʣʘ/ʥʘʙʦʨʫ ʜʘʥʠʭ. ɼʣʷ ʣʽʥʽʡ, ʷʢʽ ʚʞʝ ʧʨʠʩʫʪʥʽ ʚ ʛʝʦʤʝʪʨʽʾ ʢʦʤʧʦʥʝʥʪʘ, 

ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʥʝʤʘʻ ʧʦʪʨʝʙʠ. ɰʭ ʽʥʜʠʢʘʪʦʨʠ ʤʦʞʥʘ ʚʽʜʨʘʟʫ 

ʨʦʟʤʽʱʘʪʠ (ʢʣʘʮʘʶʯʠ ʧʦ ʥʠʤ ʤʠʰʝʶ) ʚ ʩʝʢʮʽ ʾʚʠʙʦʨʫ ʇɺ ʛʨʘʬʽʯʥʦʛʦ ʚʫʟʣʘ. 

  ʗʢʱʦ ʚʘʤ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʣʽʥʽʾ, ʷʢʦʾ ʥʝʤʘʻ ʚ ʛʝʦʤʝʪʨʽʾ, 

ʪʦ ʪʘʢʠʤ ʞʝ ʯʠʥʦʤ ʚʠ ʧʦʚʠʥʥʽ ʩʪʚʦʨʠʪʠ ʥʘʙʽʨ ʜʘʥʠʭ ʪʠʧʫ Cut Line 2D, ʘ ʧʦʪʽʤ 

ʚʠʢʦʨʠʩʪʘʪʠ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ. ʗʢʱʦ ʢʨʠʚʘ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʠʩʫʪʥ ̫ʫ ʚʭʽʜʥʽʡ ʛʝʦʤʝʪʨʽʾ, ʪʦ ʩʪʚʦʨʶʚʘʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʥʝ 

ʧʦʪʨʽʙʥʦ. ʊʘʢʫ ʢʨʠʚʫ ʤʦʞʥʘ ʚʽʜʨʘʟʫ ʚʠʙʠʨʘʪʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʚ ʇɺ 

ʚʫʟʣʘ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

  ʉʭʦʞʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 3D ʚʠʧʘʜʢʫ. ʗʢʱʦ ʨʦʟʚôʷʟʦʢ 

ʚʠʟʥʘʯʝʥʠʡ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʦʙʣʘʩʪʽ  ̔ʪʨʝʙʘ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʡʦʛʦ ʧʦ ʧʦʚʝʨʭʥʽ, ʷʢʦʾ 
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ʥʝʤʘʻ ʚ ʦʙʣʘʩʪʽ, ʪʦ ʩʣʽʜ ʩʪʚʦʨʠʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʪʠʧʫ Cut Plane 3D ʽ 

ʚʠʢʦʨʠʩʪʘʪʠ ʡʦʛʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽʥʪʝʛʨʘʣʘ. ʊʝ ʩʘʤʝ ʜʞʝʨʝʣʦ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʬʫʥʢʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ. 

  ɸʥʘʣʦʛʽʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ çʪʦʯʢʦʚʽè ʥʘʙʦʨʠ ʜʘʥʠʭ Cut Point, ʷʢʽ ʢʨʽʤ 

ʩʚʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʚ ʪʦʯʮʽ (ʘʙʦ 

ʪʦʯʢʘʭ). ɿʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʝʣʠʯʠʥ ʚ ʪʦʯʢʘʭ, ʷʢʽ ʚʞʝ ʻ ʚ ʛʝʦʤʝʪʨʽʾ, ʤʦʞʥʘ 

ʦʙʯʠʩʣʶʚʘʪʠ ʚʽʜʨʘʟʫ, ʚʢʘʟʘʚʰʠ ʪʦʯʢʫ ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ʚʫʟʣʘ Point Evaluation. 

ʗʢʱʦ ʧʦʪʨʽʙʥʠʭ ʪʦʯʦʢ ʚ ʛʝʦʤʝʪʨʽʾ ʥʝʤʘʻ, ʪʦ ʩʣʽʜ ʧʦʙʫʜʫʚʘʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Cut 

Point, ʟʘʜʘʚʰʠ ʚ ʡʦʛʦ ʇɺ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʽ ʚʢʘʟʘʪʠ ʨʦʟʚôʷʟʦʢ (ʷʢʱʦ ʚ ʤʦʜʝʣʽ 

ʾʭ ʜʝʢʽʣʴʢʘ) ʟ ʷʢʦʛʦ ʙʫʜʫʪʴ ʚʠʙʠʨʘʪʠʩʷ ʜʘʥʽ. 

  ʉʪʚʦʨʽʪʴ ʪʦʯʢʦʚʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʷʢʠʡ ʧʦʢʘʟʘʥʠʡ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ: 
   Results  - > Data Set - Cut Point 2D 

Data Sets - Cut Point 2D 1: 

   Data ï Data set = Study 1/Solution 1  

   Point Data ïEntry method = Coordanates  

   Point Data ï x: = 0,0.75,1,1,1.25,1.75,2,2,2.25,3  

   Point Data ï y: =0.5,0.5,0.75,0.25,0.5,0.5,0.75,0.25,0.5,0.5  

ʊʫʪ ʚ ʧʦʣʷʭ Point Data -x ʽ Point Data -y ʚʚʦʜʷʪʴʩʷ ʘʙʩʮʠʩʠ ʽ ʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 

ʥʘʙʦʨʫ ʜʘʥʠʭ Cut Point 2D 1. ʇʦʙʫʜʫʡʪʝ ʟʦʙʨʘʞʝʥʥʷ ʪʦʯʦʢ ʢʦʤʘʥʜʦʶ Plot. 

 
ʊʝʧʝʨ ʚ ʪʦʯʢʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ Cut Point , ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ 

ʚʩʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʻ ʚ ʨʦʟʚôʷʟʢʫ Study 1/Solution 1. 

  ʋ ʚʫʟʣʽ Derived Values ʩʪʚʦʨʽʪʴ ʚʫʟʦʣ ʪʠʧʫ Point Evaluation , ʷʢʠʡ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʚ ʪʦʯʢʘʭ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

Derived Values: RMB > Point Evaluation 
Derived Values - Point Evaluation 1: 

   Data ï Data set = Cut Point 2D 1  

   Expression ï Expression = T 

  LMB > Evaluate ï New Table 

ɺ ʛʽʣʮʽ Tables ʟ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ ʥʦʚʦʾ ʪʘʙʣʠʮʽ Table 2, ʘ ʩʘʤʘ ʪʘʙʣʠʮʷ ʙʫʜʝ 

ʚʽʜʢʨʠʪʘ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʟʦʥʽ ʧʽʜ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ. ɺʦʥʘ ʙʫʜʝ ʤʽʩʪʠʪʠ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙʨʘʥʠʭ ʪʦʯʢʘʭ. ʗʢʱʦ ʚʽʜʢʨʠʪʠ ʇɺ ʪʘʙʣʠʮʽ Results ï 

Tables ï Table 2, ʪʦ ʚ ʨʦʟʜʽʣʽ Column Headers  ʚʠ ʧʦʙʘʯʠʪʝ ʪʘʙʣʠʮʶ 

ʟʘʛʦʣʦʚʢʽʚ, ʷʢʫ ʤʦʞʥʘ ʨʝʜʘʛʫʚʘʪʠ. ʇʦʤʽʥʷʡʪʝ ʟʘʛʦʣʦʚʢʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ, ʟʘʣʠʰʠʚʰʠ ʪʽʣʴʢʠ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʘʙʣʠʮʷ ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ. 

 
ɺʫʟʣʠ Point Evaluation  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʜʨʫʢʫ ʟʥʘʯʝʥʴ 

ʨʦʟʚôʷʟʢʫ, ʘʣʝ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʚ 

ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʦʯʢʫ ʽ ʚʠʚʝʩʪʠ ʚ ʥʽʡ ʟʥʘʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠ ʤʦʞʝʪʝ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʫ ʽʥʩʪʨʫʢʮʽ ʁ

Results - Derived Values:  RMB > Point Evaluation 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Point Evaluation 2 ʚ ʨʦʟʜʽʣʽ Selection  ʚʠʙʝʨʽʪʴ ʪʦʯʢʫ 

ʦʙʣʘʩʪʽ ʽ ʢʣʘʮʘʥʥʷʤ ʤʠʰʽ ʧʦ ʥʽʡ ʜʦʜʘʡʪʝ ʾʾ ʥʦʤʝʨ (ʥʘʧʨʠʢʣʘʜ, 3 - ʢʨʘʡʥʷ ʣʽʚʘ 

ʪʦʯʢʘ ʣʽʚʦʛʦ ʢʦʣʘ) ʚ ʩʝʢʮʽʶ ʚʠʙʦʨʫ. ʆʩʢʽʣʴʢʠ ʪʦʯʢʘ ʚʞʝ ʽʩʥʫʻ ʚ ʛʝʦʤʝʪʨʽʾ, ʪʦ 

ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʥʝ ʧʦʪʨʽʙʥʦ. ʉʧʨʘʚʘ ʥʘʜ ʪʝʢʩʪʦʚʠʤ ʧʦʣʝʤ 

Expressions  ʨʦʟʢʨʠʡʪʝ ʢʥʦʧʢʫ  Replace Expression. ʋ ʚʽʜʢʨʠʚʰʦʤʫʩʷ 

ʚʽʢʥʽ, ʨʦʟʢʨʠʡʪʝ ʜʝʨʝʚʦ ʟʤʽʥʥʠʭ ʛʦʪʦʚʠʭ ʜʦ ʚʩʪʘʚʢʠ, ʟʥʘʡʜʽʪʴ ʽ ʨʦʟʢʨʠʡʪʝ ʛʽʣʢʫ 

Material properties , ʽ ʧʦʜʚʽʡʥʠʤ ʢʣʘʮʘʥʥʷʤ ʚʠʙʝʨʽʪʴ ʙʘʞʘʥʠʡ ʧʘʨʘʤʝʪʨ 

ʤʘʪʝʨʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ). 

 
ɺ ʧʦʣʽ Expression  ʟ'ʷʚʠʪʴʩʷ ʚʠʨʘʟ ht .kmean, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʤʦʞʥʘ 

ʚʽʜʦʙʨʘʟʠʪʠ ʚ ʪʘʙʣʠʮʽ, ʷʢʱʦ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ 
   LMB > Evaluate ï New Table 
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ɺ ʛʽʣʮʽ Tables ʟ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ ʥʦʚʦʾ ʪʘʙʣʠʮʽ Table 3 , ʘ ʩʘʤʘ ʚʦʥʘ ʙʫʜʝ ʚʽʜʢʨʠʪʘ 

ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʟʦʥʽ ʧʽʜ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ. 

 
 

ɼʣʷ ʽʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ k ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʪʝʥʟʦʨʘ ʟ ʦʜʥʘʢʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ kxx , kyy  ʽ kzz, ʜʦ ʷʢʠʭ ʫ 

ʚʠʨʘʟʘʭ ʤʦʞʥʘ ʟʚʝʨʪʘʪʠʩʷ ʟʘ ʽʤʝʥʘʤʠ ht . kxx , ht . kyy  ʽ ʪ.ʜ. ʊʫʪ ht  ʽʤ'ʷ ʚʫʟʣʘ 

Heat Transfer in Solids (ht). ʋ ʙʫʜʴ-ʷʢʦʛʦ ʚʫʟʣʘ ʻ ʥʘʟʚʘ (Label) ʽ ʽʤ'ʷ (Name). 

ʊʫʪ  Heat Transfer in Solids  - ʥʘʟʚʘ (ʧʦʟʥʘʯʢʘ) ʚʫʟʣʘ, ʘ ht  - ʽʤ'ʷ. ʉʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʜʘʻ ʽʤʝʥʘ ʜʝʷʢʠʤ ʚʫʟʣʘʤ. ɺ ʧʘʥʝʣʷʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʢʠʭ ʚʫʟʣʽʚ ʚ 

ʪʝʢʩʪʦʚʦʤʫ ʧʦʣʽ Name  ʮʽ ʽʤʝʥʘ ʤʦʞʥʘ ʤʽʥʷʪʠ. ɺ ʽʥʪʝʨʬʝʡʩʽ Heat Transfer 

in Solids  ʩʢʘʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ k ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ kxx , kyy  ʽ kzz, ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ht.kmean . ʉʘʤʝ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʪʘʙʣʠʮʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʠʩʫʥʢʫ. 

  ʗʢ ʚʠ ʙʘʯʠʣʠ, ʧʨʠ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʥʘʙʦʨʠ ʜʘʥʠʭ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʛʽʣʮʽ Data Sets. ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ ʪʫʪ 

ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽʡ ʥʘʙʽʨ, ʷʢʠʡ ʷʚʣʷʻ çʧʦʚʥʠʡè ʨʦʟʚôʷʟʦʢ 

(Study  1/Solution  1). ɺʫʟʣʠ ʪʠʧʫ Study X/Solution X , ʜʝ X - ʮʠʬʨʘ, ʷʢ 

ʧʨʘʚʠʣʦ ʩʪʚʦʨʶʶʪʴʩʷ ʩʦʣʚʝʨʘʤʠ (ʨʦʟʚôʷʟʫʚʘʯʘʤʠ). ɺʦʥʠ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʢʦʤʧʦʥʝʥʪ ʽ ʡʦʛʦ ʛʝʦʤʝʪʨʽ,ʁ ʧʨʦ ʰʫʢʘʥ ̔ ʚʝʣʠʯʠʥʠ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʥʠʭ, ʩʪʚʦʨʝʥʠʭ ʫ ʚʫʟʣʽ Variables ʢʦʤʧʦʥʝʥʪʘ. 

 
ɼʦʧʦʤʽʞʥʽ ʥʘʙʦʨʠ/ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, 

ʘʙʦ ʥʝʷʚʥʦ ʯʝʨʝʟ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ɼʄ. ʅʘʧʨʠʢʣʘʜ, ʟʦʥʜʠ (probes), ʷʢʱʦ ʚʠ 

ʧʦʙʫʜʫʻʪʝ ʾʭ ʚ ʛʽʣʮʽ Definitions ʢʦʤʧʦʥʝʥʪʘ, ʩʘʤʽ ʩʪʚʦʨʶʶʪʴ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

  ʂʨʽʤ ʛʽʣʢʠ Data Sets ʟ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ, ʚ ʛʽʣʮʽ Results ̒  ʚʫʟʦʣ Derived 

Values (ʟʘʣʝʞʥʽ ʚʝʣʠʯʠʥʠ). ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʢʮʽʡ 

ʦʙʯʠʩʣʝʥʥʷ ʟʘʣʝʞʥʠʭ ʚʽʜ ʨʦʟʚôʷʟʢʫ ʚʝʣʠʯʠʥ: ʤʽʥʽʤʘʣʴʥʠʭ ʽ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ, ʽʥʪʝʛʨʘʣʽʚ, ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʢʨʝʤʠʭ ʚʝʣʠʯʠʥ 

ʚ ʪʦʯʢʘʭ. 

  ɿʥʘʡʜʝʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʉʧʦʯʘʪʢʫ ʚʠʢʦʥʘʡʪʝ 

ʢʦʤʘʥʜʫ 

Results - Derived Values: 
   RMB > Maximum ï Surface Maximum 
ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Surface Maximum 1 ʚ ʷʢʦʩʪʽ ʥʘʙʦʨʫ ʜʘʥʠʭ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʚôʷʟʦʢ Study 1/Solution 1. ɺ ʩʝʢʮʽʾ ʚʠʙʦʨʫ 

ʩʣʽʜ ʚʢʘʟʘʪʠ ʽʥʜʠʢʘʪʦʨʠ 1 ʽ 2 (ʚʩʷ ʛʝʦʤʝʪʨʽʷ), ʷʢʽ ʚʠʟʥʘʯʘʪʁʴ ʦʙʣʘʩʪʴ ʜʝ ʙʫʜʝ 
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ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʤʘʢʩʠʤʫʤ. ɺʠʨʘʟ, ʤʘʢʩʠʤʫʤ ʷʢʦʛʦ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ, 

ʚʢʘʟʫʻʪʴʩʷ ʚ ʧʦʣʽ Expression . ʉʧʨʘʚʘ ʥʘʜ ʪʝʢʩʪʦʚʠʤ ʧʦʣʝʤ Expressions  

ʨʦʟʢʨʠʡʪʝ ʢʥʦʧʢʫ  Replace Expression. ʋ ʚʽʜʢʨʠʚʰʦʤʫʩʷ ʚʽʢʥʽ ʨʦʟʢʨʠʡʪʝ 

ʜʝʨʝʚʦ ʛʦʪʦʚʠʭ ʜʦ ʚʩʪʘʚʢʠ  ʟʤʽʥʥʠʭ, ʟʥʘʡʜʽʪʴ ʽ ʨʦʟʢʨʠʡʪʝ ʛʽʣʢʫ Domain fluxes , 

ʽ ʧʦʜʚʽʡʥʠʤ ʢʣʘʮʘʥʥʷʤ ʚʠʙʝʨʽʪʴ ʙʘʞʘʥʫ ʟʤʽʥʥʫ ht.tfluxMag . 

 
ɺ ʧʦʣʽ Expression  ʟ'ʷʚʠʪʴʩʷ ʚʠʨʘʟ ht.tfluxMag , ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʚʽʜʦʙʨʘʟʠʪʴʩʷ 

ʚ ʪʘʙʣʠʮʽ, ʷʢʱʦ ʢʣʽʢʥʫʪʠ ʧʦ ʢʥʦʧʮʽ Evaluate, ʨʦʟʪʘʰʦʚʘʥʽʡ ʚʛʦʨʽ ʇɺ ʚʫʟʣʘ 

Surface Maximum 1. 

 
ʊʝʧʝʨ ʚ ʇɺ ʚʫʟʣʘ Surface Maximum 1 ʧʦʤʽʥʷʡʪʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʚʠʙʨʘʚʰʠ 

ʜʨʫʛʠʡ ʨʦʟʚôʷʟʦʢ Study 2/Solution 2. ɿʥʦʚʫ ʟʥʘʡʜʽʪʴ ʤʘʢʩʠʤʫʤ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 

   Data  ï Data  set = Study  2/ Solution  2 

   LMB > Evaluate ï Table 4 
ʋ ʧʦʧʝʨʝʜʥʶ ʪʘʙʣʠʮʶ ʜʦʜʘʩʪʴʩʷ ʜʨʫʛʝ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʘʣʝ ʦʙʯʠʩʣʝʥʝ ʟʘ ʨʦʟʚôʷʟʢʦʤ, ʧʦʙʫʜʦʚʘʥʠʤ ʥʘ ʜʨʽʙʥʽʰʽʡ ʩʽʪʮʽ. 

 
ʄʘʢʩʠʤʫʤ ʽ ʤʽʥʽʤʫʤ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʥʘ ʣʽʥʽʷʭ, ʧʦʚʝʨʭʥʷʭ ʽ ʟʘ ʦʙ'ʻʤʦʤ. 

ɸʥʘʣʦʛʽʯʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽ ʽʥʪʝʛʨʘʣʠ (ʧʦ ʣʽʥʽʷʭ, ʧʦʚʝʨʭʥʷʭ ʽ 

ʦʙ'ʻʤʘʭ). ʎʝ ʚʠʜʥʦ ʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ, ʷʢʱʦ ʥʘʪʠʩʥʫʪʠ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ 

ʤʠʰʽ ʧʦ ʚʫʟʣʫ Derived Values ʽ ʨʦʟʢʨʠʪʠ ʧʽʜʤʝʥʶ. 

      
ɺ ʛʽʣʮʽ Derived Values ʟʥʘʭʦʜʷʪʴʩʷ ʪʘʢʦʞ ʚʫʟʣʠ Point Evaluation, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ ʘʙʦ ʚʠʨʘʟʽʚ ʚ ʢʦʥʢʨʝʪʥʽʡ 
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ʪʦʯʮʽ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʘʢʩʠʤʫʤʫ, ʷʢʠʡ ʦʙʯʠʩʣʶʚʘʚʩʷ ʧʦ ʦʙʣʘʩʪʽ). ʄʦʞʥʘ 

ʚʠʚʦʜʠʪʠ ʟʥʘʯʝʥʥʷ ʚ ʜʝʢʽʣʴʢʦʭ ʪʦʯʢʘʭ ʦʜʥʦʯʘʩʥʦ ʽ ʧʦʤʽʱʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚ ʦʜʥʫ 

ʪʘʙʣʠʮʶ. ɺʫʟʣʠ ʪʠʧʫ Point Evaluation  ʤʠ ʩʪʚʦʨʶʚʘʣʠ ʨʘʥʽʰʝ. 

  ɿʙʝʨʝʞʽʪʴ ʬʘʡʣ ʤʦʜʝʣʽ, ʜʘʚʰʠ ʡʦʤʫ ʷʢʝʩʴ ʦʩʤʠʩʣʝʥʝ ʽʤ'ʷ, ʥʘʧʨʠʢʣʘʜ, 

Heat2D_InHoledRect.mph. 

ƴ 

ʌʘʡʣʠ ʤʦʜʝʣʝʡ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ *. mph ʬʘʡʣʘʭ ʢʦʤʘʥʜʘʤʠ File ï Save ʘʙʦ File ï 

Save As.  

  ʇʽʜ ʯʘʩ ʩʝʘʥʩʫ ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʻ ʽʩʪʦʨʽʶ ʨʦʙʦʪʠ ʟ ʤʦʜʝʣʣʶ ʽ ʚʝʜʝ ʧʦʚʥʠʡ 

ʦʙʣʽʢ ʟʤʽʥ, ʷʢʽ ʚ ʥʽʡ ʯʠʥʷʪʴʩʷ. ʎʝ ʟʙʽʣʴʰʫʻ ʨʦʟʤʽʨ ʬʘʡʣʘ. ʑʦʙ ʡʦʛʦ ʩʪʠʩʥʫʪʠ 

ʽʩʥʫʻ ʢʦʤʘʥʜʘ File - Compact History (ʫʱʽʣʴʥʝʥʥʷ ʽʩʪʦʨʽʾ), ʷʢʘ ʚʠʜʘʣʷʻ ʚʩʽ 

ʧʝʨʝʚʠʟʥʘʯʝʥʽ ʟʤʽʥʠ ʽ ʩʢʦʨʦʯʫʻ ʨʦʟʤʽʨ ʤʦʜʝʣʽ. ʇʝʨʝʜ ʦʩʪʘʪʦʯʥʠʤ ʟʙʝʨʝʞʝʥʥʷʤ 

ʤʦʜʝʣʽ ʚ ʬʘʡʣ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʮʶ ʢʦʤʘʥʜʫ. 

  ʇʽʜʽʙ'ʻʤʦ ʥʝʚʝʣʠʢʠʡ ʧʽʜʩʫʤʦʢ. ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʚ COMSOL Multiphysics ʻ ʢʦʥʩʪʨʫʢʪʦʨ ʤʦʜʝʣʝʡ (Model Wizard ). ɹʘʟʦʚʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʽ ʤʦʜʝʣʝʡ, ʚʠʩʪʫʧʘʶʪʴ ʚʫʟʣʠ: 

¶ Global Definition  ï ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʟʤʽʥʥʠʭ ʽ ʬʫʥʢʮʽʡ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʤʦʜʝʣʽ; 

¶ Component ï ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʦʾ ʤʦʜʝʣʽ, ʚʢʣʶʯʘʶʯʠ 

ʛʝʦʤʝʪʨʽʶ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʚʜʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʦʟʙʠʪʪʷ ʥʘ ʩʢʽʥʯʝʥʥʽ 

ʝʣʝʤʝʥʪʠ; ʚ ʛʽʣʮʽ Geometry ʟʘʜʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʦʙ'ʻʢʪʘ, ʷʢʘ 

ʷʚʣʷʻ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ; 

¶ Study ï ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʙʯʠʩʣʶʚʘʥʥʷ ʟʘʜʘʯʽ, ʚʠʙʦʨʫ ʽ ʥʘʣʘʰʪʫʚʘʥʥʶ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʚôʷʟʫʚʘʯʘ (ʧʨʦʛʨʘʤʠ, ʷʢʘ ʨʝʘʣʽʟʫʻ ʯʠʩʝʣʴʥʠʡ ʘʣʛʦʨʠʪʤ); 

¶ Results ï ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʨʦʟʚôʷʟʢʽʚ. 

ʌʘʢʪʠʯʥʦ, ʚʫʟʣʠ ʻ ʽʥʩʪʨʫʢʮʽʷʤʠ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʫʟʣʽʚ 

ʫʪʚʦʨʶʻ ʜʝʨʝʚʦ ʤʦʜʝʣʽ, ʘ ʫʧʨʘʚʣʥ̔ʥʷ ʤʦʜʝʣʣʶ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʨʦʙʦʪʫ ʟ 

ʜʝʨʝʚʦʤ ʤʦʜʝʣʽ. ɺ ʥʘʩʪʫʧʥʦʤʫ ʧʘʨʘʛʨʘʬʽ ʤʠ ʜʦʢʣʘʜʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ ʚʫʟʣʘʤʠ ʮʴʦʛʦ ʜʝʨʝʚʘ. 

1.5.2. ʂʝʨʫʚʘʥʥʷ ʜʝʨʝʚʦʤ ʤʦʜʝʣʽ  

ɻʦʣʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʜʝʨʝʚʦʤ ʤʦʜʝʣʽ COMSOL Multiphysics, 

ʧʦʯʠʥʘʶʯʠ ʟ ʧ'ʷʪʦʾ ʚʝʨʩʽʾ, ʻ ʩʪʨʽʯʢʦʚʠʡ ʽʥʪʝʨʬʝʡʩ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʪʨʽʯʢʠ 

ʜʘʶʪʴ ʙʽʣʴʰ ʥʘʦʯʥʠʡ ʽ ʧʨʦʩʪʠʡ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʛʨʘʤʘʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʢʣʘʜʝʥʠʤʠ ʚʠʧʘʜʥʠʤʠ ʤʝʥʶ. ʌʽʣʦʩʦʬʽʷ ʩʪʨʽʯʢʠ ʧʦʣʷʛʘʻ ʚ ʛʨʫʧʫʚʘʥʥʽ ʢʦʤʘʥʜ ʽ 

ʚʽʜʦʙʨʘʞʝʥʥʽ ʪʦʜʽ, ʢʦʣʠ ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ʂʦʤʘʥʜʠ ʛʨʫʧʫʶʪʴʩʷ ʧʦ 

ʚʢʣʘʜʢʘʭ, ʷʢʽ ʚ COMSOL Multiphysics ʚʧʦʨʷʜʢʦʚʘʥʽ ʟʣʽʚʘ ʥʘʧʨʘʚʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʛʦʣʦʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥ̔ʩʪʨʫʢʮʽʡ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ. 
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ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʧʘʥʝʣʴ Home ʤʽʩʪʠʪʴ ʢʥʦʧʢʠ ʜʣʷ ʟʘʛʘʣʴʥʠʭ ʢʦʤʘʥʜ, ʪʘʢʠʭ ʷʢ 

ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʘʙʦ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʠ 

ʟʘʭʦʯʝʪʝ ʟʤʽʥʠʪʠ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʫʧʨʘʚʣʷʻ ʛʝʦʤʝʪʨʠʯʥʠʤ ʨʦʟʤʽʨʦʤ, ʜʦʜʘʪʠ ʥʦʚʫ 

ʬʽʟʠʢʫ, ʧʦʙʫʜʫʚʘʪʠ ʉʢɽ ʩʽʪʢʫ, ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʜʦʜʘʪʠ ʥʦʚʠʡ ʛʨʘʬʽʢ - ʚʠ 

ʨʦʙʠʪʝ ʮʝ ʟ ʚʢʣʘʜʢʠ Home. ʈʝʰʪʘ ʧʘʥʝʣʝʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʨʽʯʢʠ 

ʚʧʦʨʷʜʢʦʚʘʥʽ ʟʣʽʚʘ ʥʘʧʨʘʚʦ ʟʛʽʜʥʦ ʧʦʪʦʢʫ ʦʧʝʨʘʮʽʡ, ʷʢʠʡ ʟʘʜʘʥʠʡ ʧʦʩʣʽʜʦʚʥʽʩʪʶ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʽʣʦʢ ʚ ɼʄ: ɺʠʟʥʘʯʝʥʥʷ, ɻʝʦʤʝʪʨʽʷ, ʄʘʪʝʨʽʘʣʠ, ʌʽʟʠʢʘ, ʉʽʪʢʘ, 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʈʝʟʫʣʴʪʘʪʠ. 

  ʉʪʨʽʯʢʘ ʧʘʥʝʣʝʡ ʨʝʘʣʽʟʫʻ ʪʨʠ ʪʠʧʠ ʛʨʫʧʫʚʘʥʥʷ ʢʦʤʘʥʜ. ʇʝʨʰʠʡ ï 

ʩʪʘʥʜʘʨʪʥʽ ʟʘʢʣʘʜʢʠ, ʷʢʽ ʟʘʚʞʜʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʨʘʤʠ. 

ɺʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʧʦʨʷʜʢʦʚʘʥʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ. ʅʘ ʢʦʞʥʽʡ ʪʘʢʽʡ ʟʘʢʣʘʜʮʽ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ 

ʚʩʽ ʢʦʤʘʥʜʠ, ʜʦʩʪʫʧʥʽ ʜʣʷ ʮʴʦʛʦ ʝʪʘʧʫ. ʅʘʧʨʠʢʣʘʜ, ʟʘʢʣʘʜʢʘ Geometry  ʤʽʩʪʠʪʴ 

ʟʥʘʯʢʠ ʢʦʤʘʥʜ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ. 

 
ɼʨʫʛʠʡ ʪʠʧ - ʮʝ ʢʦʥʪʝʢʩʪʥʽ ʟʘʢʣʘʜʢʠ, ʷʢʽ ʟ'ʷʚʣʷʶʪʴʩʷ, ʢʦʣʠ ʚʠ ʧʨʘʮʶʻʪʝ ʟʽ 

ʩʧʝʮʠʬʽʯʥʠʤ ʦʙ'ʻʢʪʦʤ. ʇʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʻ ʟʘʢʣʘʜʢʠ ʛʨʘʬʽʯʥʠʭ ʛʨʫʧ, ʷʢʽ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʯʘʩ ʨʦʙʦʪʠ ʟ ʛʨʘʬʽʢʘʤʠ. 

  ʊʨʝʪʽʤ ʪʠʧʦʤ ʣʦʛʽʯʥʦʛʦ ʛʨʫʧʫʚʘʥʥʷ ʻ ʤʦʜʘʣʴʥʽ ʟʘʢʣʘʜʢʠ, ʷʢʽ ʟ'ʷʚʣʷʶʪʴʩʷ, 

ʢʦʣʠ ʚʠ ʚʠʢʦʥʫʻʪʝ ʜʫʞʝ ʩʧʝʮʠʬʽʯʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʠʭ ʥʝʤʘʻ ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ 

ʟʘʢʣʘʜʢʘʭ ʩʪʨʽʯʢʠ. ʇʨʠʢʣʘʜʦʤ ʤʦʜʘʣʴʥʦʾ ʟʘʢʣʘʜʢʠ ʻ Work Plane . ʂʦʣʠ ʚʠ 

ʧʨʘʮʶʻʪʝ ʟ çʨʦʙʦʯʠʤʠ ʧʝʨʝʨʽʟʘʤʠè ʽʥʰʽ ʟʘʢʣʘʜʢʠ ʥʝʜʦʩʪʫʧʥʽ, ʷʢʱʦ ʾʭ ʢʦʤʘʥʜʠ 

ʥʝ ʤʦʞʫʪʴ ʢʝʨʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʣʦʱʠʥʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚʠ ʥʝ ʟʤʦʞʝʪʝ 

ʩʪʚʦʨʠʪʠ ʉʢɽ ʩʽʪʢʫ ʥʘ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ ̔ ʪʦʤʫ ʟʘʢʣʘʜʢʘ Mesh ʥʝʜʦʩʷʞʥʘ. 

  ɺʽʜʤʽʪʥʦʶ ʨʠʩʦʶ ʢʦʞʥʦʛʦ ʢʨʦʢʫ ʨʦʙʦʪʠ ʟ ʤʦʜʝʣʣʶ ʻ ʢʦʣʴʦʨʦʚʘ ʩʭʝʤʘ. 

ʅʘʧʨʠʢʣʘʜ, ʚʩʽ ʟʥʘʯʢʠ ʧʘʥʝʣʽ Geometry  ʻ ʯʝʨʚʦʥʦ-ʧʦʤʘʨʘʥʯʝʚʠʤʠ, ʚʩʽ 

ʧʽʢʪʦʛʨʘʤʠ ʧʘʥʝʣʽ Materials  ï ʞʦʚʪʦ-ʦʨʘʥʞʝʚʽ, ʚʩʽ ʟʥʘʯʢʠ ʧʘʥʝʣʽ Physics  ï 

ʩʠʥʽ, ʘ ʧʽʢʪʦʛʨʘʤʠ ʧʘʥʝʣʽ Results  ï ʯʝʨʚʦʥʽ. ɼʦ ʪʦʛʦ ʞ ʟʘʢʣʘʜʢʘ Results  ʤʘʻ 

ʨʽʟʥʽ ʟʥʘʯʢʠ ʜʣʷ ʨʽʟʥʠʭ ʨʦʟʤʽʨʥʦʩʪʝʡ. 

 
ʅʘ ʧʽʢʪʦʛʨʘʤʘʭ ʚʫʟʣʽʚ ɼʄ ʚʠ ʽʥʦʜʽ ʙʫʜʝʪʝ ʙʘʯʠʪʠ ʤʘʣʝʥʴʢʽ ʧʦʟʥʘʯʢʠ. 

ʄʘʣʝʥʴʢʠʡ ʯʝʨʚʦʥʠʡ ʪʨʠʢʫʪʥʠʢ ʥʘ ʧʽʢʪʦʛʨʘʤʽ ʚʫʟʣʘ ʧʦʧʝʨʝʜʞʘʻ, ʱʦ ʚʽʥ (ʚʫʟʦʣ) 

ʙʫʚ ʧʝʨʝʧʠʩʘʥʠʡ; ʚʫʟʣʠ ʽʥʦʜʽ ʟʤʽʥʶʶʪʴ (ʧʝʨʝʧʠʩʫʶʪʴ) ʚʤʽʩʪ ʚʽʢʦʥ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽʥʰʠʭ ʚʫʟʣʽʚ, ʷʢʽ ʚ ɼʄ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ. 

 
 

ɹʫʢʚʘ D ʚʛʦʨʽ ʟʥʘʯʢʘ ʚʫʟʣʘ ʦʟʥʘʯʘʻ, ʱʦ ʚʫʟʦʣ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʩʠʩʪʝʤʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ɿʽʨʦʯʢʘ ʚ ʚʝʨʭʥʴʦʤʫ ʧʨʘʚʦʤʫ 
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ʢʫʪʽ ʟʥʘʯʢʘ ʚʢʘʟʫʻ, ʱʦ ʚʫʟʦʣ ʨʝʜʘʛʫʻʪʴʩʷ. ʏʝʨʚʦʥʠʡ ʭʨʝʩʪʠʢ ʥʘ ʧʽʢʪʦʛʨʘʤʽ ʚʫʟʣʘ 

ʦʟʥʘʯʘʻ, ʱʦ ʻ ʧʦʤʠʣʢʘ ʚ ʇɺ ʮʴʦʛʦ ʚʫʟʣʘ. 

  ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʜʝʨʝʚʦʤ ʤʦʜʝʣʽ ʽ ʩʪʨʽʯʢʦʶ ʧʘʥʝʣʝʡ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ɼʄ ʧʦʢʘʟʫʻ ʥʘʤ ʪʝ, ʱʦ ʚʞʝ ʟʨʦʙʣʝʥʦ, ʘ ʩʪʨʽʯʢʘ ʧʽʜʢʘʟʫʻ, ʱʦ 

ʤʦʞʝ ʡʪʠ ʜʘʣʽ. 

  ʄʘʡʞʝ ʢʦʞʥʫ ʢʦʤʘʥʜʫ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ (ʘʙʦ ʥʘʚʽʪʴ 

ʙʽʣʴʰʠʤ): ʚʠʙʦʨʦʤ ʽʢʦʥʢʠ ʢʦʤʘʥʜʠ ʥʘ ʩʪʨʽʯʮʽ ʘʙʦ ʢʣʘʮʘʥʥʷʤ ʧʨʘʚʦʾ ʢʥʦʧʢʠ 

ʤʠʰʽ ʧʦ ʚʫʟʣʫ ɼʄ ʽ ʚʠʙʦʨʦʤ ʢʦʤʘʥʜʠ ʟ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. ʎʽ ʤʝʪʦʜʠ 

ʝʢʚʽʚʘʣʝʥʪʥʽ ʽ ʜʦʧʦʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ. ʈʦʟʛʣʷʥʝʤʦ, ʷʢ ʤʦʞʥʘ ʢʦʥʩʪʨʫʶʚʘʪʠ 

ʤʦʜʝʣʴ ʽ ʫʧʨʘʚʣʷʪʠ ʡʦʛʦ ʜʝʨʝʚʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ. ɺʦʥʦ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ ʜʝʨʝʚʘ. ʁʦʛʦ ʟʤʽʩʪ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʫʟʣʘ, ʜʣʷ ʷʢʦʛʦ ʚʦʥʦ ʚʠʢʣʠʢʘʥʦ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʤʘʣʶʥʢʫ 

ʧʦʢʘʟʘʥʽ ʢʦʥʪʝʢʩʪʥʽ ʤʝʥʶ ʛʽʣʢʠ ʜʚʦʚʠʤʽʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ Component 

(ʣʽʚʦʨʫʯ), ʡʦʛʦ ʧʽʜʛʽʣʢʠ Geometry (ʚ ʩʝʨʝʜʠʥʽ) ʽ ʚʫʟʣʘ ʛʨʘʬʽʯʥʦʛʦ ʧʨʠʤʽʪʠʚʫ 

Geometry - Circle (ʧʨʘʚʦʨʫʯ). 

 

 

 

ʎʽ ʤʝʥʶ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʢʦʤʘʥʜ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʣʠʢʘʥʽ ʟ ʨʽʟʥʠʭ ʤʝʥʶ, ʬʘʢʪʠʯʥʦ ʩʪʘʥʦʚʠʪʴ ʟʤʽʩʪ ʥʘʰʦʛʦ ʧʦʩʽʙʥʠʢʘ. ʆʜʥʘʢ ʻ 

ʧʫʥʢʪʠ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʤʘʡʞʝ ʚʩʶʜʠ. ʇʨʦ ʥʠʭ ʤʠ ʧʦʛʦʚʦʨʠʤʦ ʚ ʮʴʦʤʫ 

ʧʘʨʘʛʨʘʬʽ. 
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ʂʦʤʘʥʜʘ ʆʧʠʩ 

Help ɺʽʜʢʨʠʚʘʻ ʢʦʥʪʝʢʩʪʥʫ ʜʦʚʽʜʢʫ ʧʦ ʧʦʪʦʯʥʦʤʫ ʚʫʟʣʫ. 

Properties ɺʽʜʢʨʠʚʘʻ ʩʣʫʞʙʦʚʫ ʟʘʢʣʘʜʢʫ Properties  ʚʽʢʥʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ. 

Settings ɺʽʜʢʨʠʚʘʻ ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʙʨʘʥʦʛʦ ʚʫʟʣʘ, ʪʦʙʪʦ ʪʫ 

ʇɺ, ʚ ʷʢʽʡ ʤʠ ʟʘʟʚʠʯʘʡ ʤʽʥʷʻʤʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʚʚʦʜʠʤʦ 

ʜʘʥʽ. 

Rename ɺʽʜʢʨʠʚʘʻ ʚʽʢʥʦ ʧʝʨʝʡʤʝʥʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʚʫʟʣʘ ʜʝʨʝʚʘ 

ʤʦʜʝʣʽ. 

 
Copy ʂʦʧʽʶʻ ʚʫʟʦʣ ʚ ʙʫʬʝʨ ʦʙʤʽʥʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʢʦʤʘʥʜʦʶ Past 

ʥʘʟʚʘ_ʫʟʣʘ ʤʦʞʥʘ ʚʩʪʘʚʠʪʠ ʢʦʧʽʶ ʚʫʟʣʘ ʚ ʜʝʨʝʚʦ ʤʦʜʝʣʽ. 

Duplicate 
(ʜʫʙʣʶʚʘʥʥʷ) 

ɺʩʪʘʚʣʷʻ ʚ ʜʝʨʝʚʦ ʤʦʜʝʣʽ ʢʦʧʽʶ ʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ. ɼʫʙʣʽʢʘʪ 

ʚʫʟʣʘ ʩʪʚʦʨʶʻʪʴʩʷ ʥʠʞʯʝ ʧʦʪʦʯʥʦʛʦ ʚ ʪʽʡ ʞʝ ʛʽʣʮʽ. 

ɼʫʙʣʶʚʘʥʥʷ ʜʦʧʫʩʪʠʤʦ ʜʣʷ ʚʫʟʣʽʚ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ, ʘʣʝ ʥʝ 

ʜʣʷ ʚʩʽʭ. ɺʦʥʦ ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʫʻ 

ʜʽʾ ʢʦʧʽʶʚʘʥʥʷ ʽ ʚʩʪʘʚʢʠ ʟʘ ʦʜʠʥ ʢʨʦʢ. 

Delete ɺʠʜʘʣʷʻ ʧʦʪʦʯʥʠʡ  ʚʫʟʦʣ ʟ ʜʝʨʝʚʘ ʤʦʜʝʣʽ. 

Disable ɼʝʘʢʪʠʚʫʻ ʧʦʪʦʯʥʠʡ ʚʫʟʦʣ, ʚʠʢʣʶʯʘʶʯʠ ʡʦʛʦ ʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʥʩʪʨʫʢʮʽʡ ʨʦʙʦʪʠ ʟ ʤʦʜʝʣʣʶ. ʇʽʢʪʦʛʨʘʤʘ 

ʥʝʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʚ ɼʄ ʩʪʘʻ ʪʴʤʷʥʦʶ. 

Enable ɺʢʣʶʯʘʻ ʧʦʪʦʯʥʠʡ ʚʫʟʦʣ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʥʩʪʨʫʢʮʽʡ, ʷʢʱʦ 

ʜʦ ʮʴʦʛʦ ʚʽʥ ʙʫʚ ʜʝʘʢʪʠʚʦʚʘʥʠʡ. ʊʴʤʷʥʘ ʧʽʢʪʦʛʨʘʤʘ 

ʥʝʘʢʪʠʚʥʦʛʦ ʚʫʟʣʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ 

ʷʩʢʨʘʚʦʩʪʽ. 

Move Up 
Move Down 

ʇʝʨʝʤʽʱʫʶʪʴ ʧʦʪʦʯʥʠʡ ʚʫʟʦʣ ʚ ɼʄ ʥʘ ʦʜʥʫ ʧʦʟʠʮʽʶ ʚʛʦʨʫ 

ʘʙʦ ʚʥʠʟ. 

ʂʦʤʘʥʜʘ Copy as code to clipboard ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ 

ʜʦʜʘʪʢʽʚ. COMSOL Multiphysics ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʡʦʛʦ ʦʙ'ʻʢʪʥʫ ʤʦʜʝʣʴ. ʂʦʤʘʥʜʠ ʧʽʜʤʝʥʶ Copy as code to 

clipboard ʟʘʧʠʩʫʶʪʴ ʪʝʢʩʪ ʢʦʤʘʥʜʠ ʚ ʙʫʬʝʨ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ.  

 
ɿ ʙʫʬʝʨʘ ʚʠ ʤʦʞʝʪʝ ʚʩʪʘʚʠʪʠ ʪʝʢʩʪ ʢʦʜʫ ʚ ʧʨʦʛʨʘʤʫ. ʆʩʴ ʧʨʠʢʣʘʜ ʢʦʜʫ, 

ʩʪʚʦʨʝʥʦʛʦ ʢʦʤʘʥʜʦʶ Copy as code to clipboard - Create ʜʣʷ ʚʫʟʣʘ Helmholtz 

Equation (hzeq), ʷʢʠʡ ʚʩʪʘʚʣʝʥʦ ʟ ʙʫʬʝʨʘ ʚ ʪʝʢʩʪʦʚʠʡ ʜʦʢʫʤʝʥʪ 
  model.physics().create("hzeq","HelmholtzEquation", "geom1");  



73 

 

ʆʩʢʽʣʴʢʠ ʤʠ ʥʝ ʤʘʻʤʦ ʥʘʤʽʨʫ ʦʧʠʩʫʚʘʪʠ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ COMSOL API, ʪʦ ʥʘʤ ʮʷ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʙʫʜʝ ʧʦʪʨʽʙʥʘ. 

  ʂʦʤʘʥʜʠ Export ʪʘ Import ʜʦʟʚʦʣʷʶʪʴ ʝʢʩʧʦʨʪʫʚʘʪʠ/ʽʤʧʦʨʪʫʚʘʪʠ ʜʘʥʽ ʚ 

ʬʘʡʣʠ. ɽʢʩʧʦʨʪʫʚʘʪʠ ʤʦʞʥʘ ʛʝʦʤʝʪʨʽʶ, ʘʥʽʤʘʮʽʶ, ʛʨʘʬʽʢʠ, ʉʢɽ ʩʽʪʢʫ, ʪʘʙʣʠʮʽ, 

ʨʽʚʥʷʥʥʷ ʽ ʜʝʷʢʽ ʽʥʰʽ ʦʙ'ʻʢʪʠ. ɯʤʧʦʨʪʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ ʟ ʪʝʢʩʪʦʚʠʭ 

ʬʘʡʣʽʚ, ʷʢʽ ʨʘʥʽʰʝ ʩʪʚʦʨʶʚʘʣʠʩʷ ʜʣʷ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ ʜʘʥʠʭ. ɺʩʝ ʱʦ 

ʝʢʩʧʦʨʪʫʚʘʣʦʩʷ ʤʦʞʝ ʙʫʪʠ ʽʤʧʦʨʪʦʚʘʥʝ. ɯʤʧʦʨʪʫʚʘʪʠ ʤʦʞʥʘ ʪʘʢʦʞ ʛʝʦʤʝʪʨʽʶ, 

ʩʪʚʦʨʝʥʫ ʚ ʧʨʦʛʨʘʤʘʭ ʩʪʦʨʦʥʥʽʭ ʨʦʟʨʦʙʥʠʢʽʚ, ʘʙʦ ʩʪʚʦʨʝʥʫ ʚ ʽʥʰʦʤʫ ʬʘʡʣʽ 

COMSOL Multiphysics. 

  ʋ ʚʫʟʣʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ, ʻ ʧʽʜʤʽʥʶ Add Before ʽ 

Add After. ɺʦʥʠ ʤʽʩʪʷʪʴ ʢʦʤʘʥʜʠ ʩʪʚʦʨʝʥʥʷ çʫʤʦʚʥʠʭè ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʽʚ/ʽʥʩʪʨʫʢʮʽʡ. ʎʝ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʫʟʣʽʚ, ʪʽʣʴʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʝʷʢʠʭ ʫʤʦʚ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ. 

 
ʋ ʨʦʟʜʽʣʽ, ʱʦ ʨʦʟʧʦʚʽʜʘʻ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ, ʤʠ ʜʦʢʣʘʜʥʽʰʝ ʨʦʟʛʣʷʥʝʤʦ 

ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʫʤʦʚʥʠʭ ʚʫʟʣʽʚ/ʽʥʩʪʨʫʢʮʽʡ. 

  ɺʩʽ ʦʧʝʨʘʮʽʾ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦ ʯʝʨʟʽ ï ʟʚʝʨʭʫ ʚʥʠʟ. ʌʘʢʪʠʯʥʦ, 

ʚʫʟʣʠ ɼʄ ʻ ʽʥʩʪʨʫʢʮʽʷʤʠ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ, ʷʢʽ ʧʦʚʠʥʥʽ ʪ̔ʠ ʚ ʧʝʚʥʦʤʫ 

ʣʦʛʽʯʥʦʤʫ ʧʦʨʷʜʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʟʣʽʚ ʚ ɼʄ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ 

ʧʦʙʫʜʦʚʠ ʽ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ. ɸʣʝ ʧʦʟʠʮʽʷ ʚʫʟʣʽʚ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʥʝ ʬʽʢʩʦʚʘʥʘ. 

ɹʘʛʘʪʦ ʟ ʥʠʭ ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ. ʆʜʥʘʢ ʪʘʢʝ ʧʝʨʝʩʫʚʘʥʥʷ ʥʝ ʧʦʚʠʥʥʦ 

ʧʦʨʫʰʫʚʘʪʠ çʨʦʟʫʤʥʫè ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʥʝ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʚʫʟʦʣ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʠʱʝ ʚʫʟʣʘ çʬʽʟʠʢʠè, ʘ ʚʫʟʦʣ Mesh ʨʘʥʽʰʝ ʚʫʟʣʘ Geometry. 

ɸʣʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʜʝʷʢʠʭ ʚʫʟʣʽʚ ʥʝ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʦ. ʅʘʧʨʠʢʣʘʜ, ʥʝ ʤʘʻ 

ʟʥʘʯʝʥʥʷ ʧʦʨʷʜʦʢ ʚʫʟʣʽʚ ʚ ʛʽʣʮʽ Global Definitions. 

  ɻʨʘʬʽʯʥʽ ʚʫʟʣʠ ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ ʚ ʤʝʞʘʭ ʛʨʫʧʠ ʛʨʘʬʽʢʽʚ ʘʙʦ ʥʘʚʽʪʴ 

ʧʝʨʝʤʽʱʘʪʠ ʚ ʽʥʰʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ. ʑʦʙ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʤʽʩʪʠʪʠ ʛʨʘʬʽʯʥʠʡ 

ʚʫʟʦʣ, ʟʘʭʦʧʽʪʴ ʡʦʛʦ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ (ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ ʽ ʥʝ ʚʽʜʧʫʩʢʘʡʪʝ) ʽ 

ʧʝʨʝʪʷʛʥʽʪʴ ʚʥʠʟ ʘʙʦ ʚʛʦʨʫ ʚ ʤʝʞʘʭ ʧʦʪʦʯʥʦʾ ʛʨʘʬʽʯʥʦʾ ʛʽʣʢʠ ʘʙʦ ʚ ʽʥʰʫ 

ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʪʦʛʦ ʞ ʪʠʧʫ (ʥʘʧʨʠʢʣʘʜ, ʟ 2D Plot Group ʚ ʪʘʢʫ ʞ ʩʘʤʫ). ɺ 

ʧʨʦʮʝʩʽ ʧʝʨʝʩʫʚʘʥʥʷ ʧʦʟʠʮʽʷ ʚʫʟʣʘ ʚ ʜʝʨʝʚʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʚʽʜʨʽʟʢʦʤ. 
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ɺ ʧʨʠʢʣʘʜʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʘʨʘʛʨʘʬʘ (ʬʘʡʣ Heat2D_InHoledRect.mph) ʙʫʣʠ 

ʩʪʚʦʨʝʥʽ ʚʫʟʣʠ Temperature (ht) - Surface 1 ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʽ ʚʫʟʦʣ Isothermal Contours (ht) - Contour 1 ʟ 

ʢʦʥʪʫʨʥʠʤʠ ʣʽʥʽʷʤʠ ʪʦʛʦ ʞ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ʇʝʨʝʥʝʩʝʤʦ ʚʫʟʦʣ Contour 1 

ʚ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ Temperature (ht). ɼʣʷ ʮʴʦʛʦ ʟʘʭʦʧʽʪʴ ʡʦʛʦ ʣʽʚʦʶ ʢʥʦʧʢʦʶ 

ʤʠʰʽ ʽ ʧʝʨʝʪʷʛʥʽʪʴ ʚʛʦʨʫ ʚ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ Temperature (ht) (ʦʙʠʜʚʽ ʛʨʫʧʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʠʧʫ 2D Plot Group). ɺ ʧʝʨʝʤʽʱʝʥʦʤʫ ʚʫʟʣʽ Contour 1 ʚʥʝʩʽʪʴ 

ʟʤʽʥʠ ʚ ʢʦʣʽʨ ʢʦʥʪʫʨʥʠʭ ʣʽʥʽʡ (ʟʨʦʙʽʪʴ ʾʭ ʯʦʨʥʠʤʠ) ʽ ʚʽʜʢʣʶʯʽʪʴ ʚʠʚʝʜʝʥʥʷ 

ʰʢʘʣʠ ʢʦʣʴʦʨʽʚ (ʣʝʛʝʥʜʠ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʠʩʫʥʦʢ ʚ ʛʨʘʬʽʯʥʽʡ ʛʽʣʮ ̔

Temperature (ht) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

 
ʇʦʨʦʞʥʶ ʛʨʘʬʽʯʥʫ ʛʽʣʢʫ Isothermal Contours (ht) ʤʦʞʥʘ ʚʠʜʘʣʠʪʠ. ɼʣʷ ʮʴʦʛʦ 

ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʮʴʦʤʫ ʚʫʟʣʫ ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ 

ʢʦʤʘʥʜʫ Delete. 

  ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʜʝʨʝʚʦʤ ʤʦʜʝʣʽ ʽ ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ ʜʝʷʢʠʭ ʢʦʤʘʥʜ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʘʨʷʯʽ ʢʣʘʚʽʰʽ, ʘ ʪʘʢʦʞ ʧʦʻʜʥʘʥʥʷ ʢʣʘʚʽʰ ʢʣʘʚʽʘʪʫʨʠ ʽ 

ʤʠʰʽ. ʅʘʚʝʜʝʤʦ ʜʝʷʢʽ ʟ ʥʠʭ. 

¶ F1 ï ʚʠʢʣʠʢ ʢʦʥʪʝʢʩʪʥʦʾ ʜʦʚʽʜʢʠ; 

¶ Ctrl - F1 ï ʚʠʢʣʠʢ ʜʦʚʽʜʢʦʚʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; 

¶ F3 ï ʚʽʜʢʣʶʯʘʻ/ʜʝʘʢʪʠʚʫʻ ʚʠʜʽʣʝʥʠʡ ʚʫʟʦʣ ʜʝʨʝʚʘ ʤʦʜʝʣʽ; 

¶ F4 ï ʚʢʣʶʯʘʻ ʚʫʟʦʣ, ʷʢʠʡ ʜʦ ʮʴʦʛʦ ʙʫʚ ʜʝʘʢʪʠʚʦʚʘʥʠʡ;  

¶ F7 ï ʚʠʢʦʥʫʻ ʟʘʚʝʨʰʘʣʴʥʫ ʢʦʤʘʥʜʫ ʧʦʪʦʯʥʦʛʦ ʨʝʜʘʛʫʚʘʥʥʷ ʚʫʟʣʘ: ʦʜʠʥ 

ʢʨʦʢ ʦʙʯʠʩʣʶʚʘʥʥʷ (Compute Selected Step), ʙʫʜʫʻ ʝʣʝʤʝʥʪ ʛʝʦʤʝʪʨʽʾ 

(Build Selected), ʙʫʜʫʻ ʜʽʣʷʥʢʫ ʉʢɽ ʩ̔ ʪʢʠ (Build Selected);  

¶ F8 ï ʧʦʚʥʽʩʪʶ ʧʝʨʝʙʫʜʦʚʫʻ ʛʝʦʤʝʪʨʽʶ (Build All), ʙʫʜʫʻ ʉʢɽ ʩʽʪʢʫ (Build 

All), ʚʠʢʦʥʫʻ ʧʦʚʥʝ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ (Compute), ʙʫʜʫʻ ʛʨʘʬʽʢ (Plot); 

¶ Shift +F10 ï ʚʠʢʣʠʢʘʻ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ; 

¶ Del  ï ʚʠʜʘʣʷʻ ʧʦʪʦʯʥʠʡ ʚʫʟʦʣ ɼʄ; 

¶ CTRL ï A  ï ʚʠʜʽʣʷ ̒ʚʩʽ ʦʙ'ʻʢʪʠ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ; 

¶ ʢʦʣʠ ʘʢʪʠʚʥʘ ʩʪʨʽʯʢʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʘʥʝʣʝʡ, ʢʦʣʝʩʦ ʤʠʰʽ ʧʝʨʝʤʽʱʫʻ 
ʬʦʢʫʩ ʤʽʞ ʟʘʢʣʘʜʢʘʤʠ ʩʪʨʽʯʢʠ. 

ɿʘʫʚʘʞʝʥʥʷ ʧʨʦ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ Windows XP. ʗʢʱʦ ʚʘʰʦʶ ʦʧʝʨʘʮʽʡʥʦʶ 

ʩʠʩʪʝʤʦʶ ʻ Windows 7 ʘʙʦ ʥʦʚʽʰʘ, ʪʦ ʧʦʜʘʣʴʰʠʡ ʪʝʢʩʪ ʮʴʦʛʦ ʧʘʨʘʛʨʘʬʘ ʚʠ 

ʤʦʞʝʪʝ ʧʨʦʧʫʩʪʠʪʠ. 

  ʋ Windows XP ʚʽʜʩʫʪʥʷ ʩʪʨʽʯʢʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʘʥʝʣʝʡ. ʊʦʤʫ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ COMSOL Multiphysics ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʦʛʦ, ʷʢʠʡ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʚ Windows 7  ʘʙʦ Windows 10. ɿʘʤʽʩʪʴ 
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ʛʦʣʦʚʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʘʥʝʣʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʨʷʜʦʢ ʤʝʥʶ ʽ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʟʚʠʯʘʡʥʽ ʜʣʷ ʜʦʜʘʪʢʽʚ Windows XP. ɼʝʨʝʚʦ ʤʦʜʝʣʽ, ʚʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʽʢʥʦ 

ʧʦʚʽʜʦʤʣʝʥʴ ʽ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ 

ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʘ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ COMSOL Multiphysics, 

ʟʘʧʫʱʝʥʦʛʦ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ Windows XP. 

 
ɺ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ  ʨʦʟʪʘʰʦʚʘʥʘ ʧʘʥʝʣʴ Home. 

ɼʨʫʛʠʡ ʨʷʜʦʢ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ  ʤʽʩʪʠʪʴ ʟʘʢʣʘʜʢʠ, ʽʜʝʥʪʠʯʥʽ ʽʥʰʠʤ ʦʩʥʦʚʥʠʤ 

ʟʘʢʣʘʜʢʘʤ ʛʦʣʦʚʥʦʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʘʥʝʣʽ. ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʷʨʣʠʢʘ ʟʘʢʣʘʜʢʠ, ʚ 

ʮʴʦʤʫ ʞ ʨʷʜʢʫ ʧʨʘʚʦʨʫʯ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʧʘʥʝʣʴ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʅʘ 

ʥʘʩʪʫʧʥʦʤʫ ʤʘʣʶʥʢʫ ʧʦʢʘʟʘʥʘ ʣʽʚʘ ʧʦʣʦʚʠʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʚʠʜʽʣʝʥʦʾ 

ʟʘʢʣʘʜʢʦʶ Definitions . 

 

ʇʨʘʚʘ ʧʦʣʦʚʠʥʘ ʨʷʜʢʘ ʤʽʩʪʠʪʴ ʢʥʦʧʢʠ ʢʦʤʘʥʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʡ ʟʘʢʣʘʜʮʽ. 

 

ɿʘʢʣʘʜʢʠ Geometry , Materials , Physics , Mesh, Study  ʽ Results  ʪʘʢʦʞ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʘʥʝʣʽ ʟʽ ʩʚʦʾʤʠ ʢʥʦʧʢʘʤʠ ʢʦʤʘʥʜ. 

  ɺ Windows 7 (10) ʥʘ ʩʪʨʽʯʮʽ ʤʦʞʫʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʢʦʥʪʝʢʩʪʥʽ ʟʘʢʣʘʜʢʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʢʦʤʘʥʜʠ, ʟʘʣʝʞʥʽ ʚʽʜ ʚʠʜʽʣʝʥʦʛʦ ʚ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ. ɸʥʘʣʦʛʽʯʥʦ, ʚ 

Windows XP ʤʦʞʫʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʢʦʥʪʝʢʩʪʥʽ ʧʘʥʝʣʽ. 

  ʇʘʥʝʣʴ ʢʦʤʘʥʜ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ ʽ ʷʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʥʠʤ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʾ ʚ 

Windows 7(10). 

 

ʅʝʚʝʣʠʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ ʚʽʢʥʘ ʛʦʪʦʚʠʭ ʚʝʣʠʯʠʥ 

ʜʣʷ ʚʩʪʘʚʢʠ ʚ ʧʦʣʷ Expression (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ).  
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Windows 7 

 

 

 

 
ɺ Windows XP ʟʘʤʽʩʪʴ ʚʽʢʥʘ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʙʘʛʘʪʦʷʨʫʩʥʠʡ ʩʧʠʩʦʢ. 

 
ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽʥʰʠʭ ʚʽʢʦʥ ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʘʥʜʘʨʪʥʦʛʦ. 

  ʂʦʥʪʝʢʩʪʥʽ ʤʝʥʶ, ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʢʣʘʮʘʥʥʷʤ ʧʨʘʚʦ ʾʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ 

ʚʫʟʣʫ ʜʝʨʝʚʘ ʤʦʜʝʣʽ, ʥʽʯʠʤ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʠʭ, ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʚ 

Windows 7. 

  ɺ ʥʘʰʦʤʫ ʧʦʩʽʙʥʠʢʫ ʤʠ ʟʘʚʞʜʠ ʙʫʜʝʤʦ ʧʨʠʚʦʜʠʪʠ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʧʘʥʝʣʝʡ ʽ ʚʽʢʦʥ ʩʠʩʪʝʤʠ COMSOL Multiphysics ʜʣʷ Windows 7(10) . ʗʢʱʦ ʚʠ 

ʧʨʘʮʶʻʪʝ ʚ Windows XP, ʪʦ ʚʽʢʥʘ ʙʫʜʫʪʴ ʤʘʪʠ ʪʫ ʞ ʩʘʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪ,ɹ ʘʣʝ 

ʤʦʞʫʪʴ ʤʘʪʠ ʪʨʦʭʠ ʽʥʰʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ. 

 

1.5.3. ʅʘʣʘʰʪʫʚʘʥʥʷ ʛʨʘʬʽʢʠ. 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷʤʠ ʥʘʜ ʢʦʞʥʠʤ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ ʨʦʟʪʘʰʦʚʘʥʘ 

ʧʘʥʝʣʴ ʫʧʨʘʚʣʽʥʥʷ. ɰʾ ʽʢʦʥʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʫʚʘʪʠ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ, ʟʙʝʨʽʛʘʪʠ ʡʦʛʦ ʚ ʬʘʡʣ ʯʠ ʙʫʬʝʨ ʦʙʤʽʥʫ (Image Snapshot), ʘʙʦ 

ʜʨʫʢʫʚʘʪʠ. 

  ɼʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʛʨʘʬʽʢʦʶ ʽʩʥʫʶʪʴ ʚʫʟʣʠ, ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚ ʷʢʠʭ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝ, ʱʦ ʤʠ ʙʘʯʠʤʦ ʚ ʛʨʘʬʽʯʥʠʭ ʚʽʢʥʘʭ. ʇʨʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ 

ʚʫʟʣʽʚ ʪʘ ʩʧʦʩʦʙʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʠ ʧʦʷʩʥʠʤʦ, ʨʦʟʛʣʷʜʘʶʯʠ ʟʘʜʘʯʫ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʽʣʘ, ʷʢʝ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ɺʦʥʦ 

ʩʪʘʥʦʚʠʪʴ ʙʝʪʦʥʥʠʡ ʢʫʙ 1,,1 ¢¢- zyx  ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʦʪʚʦʨʘʤʠ ʨʘʜʽʫʩʽʚ 
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0.5 ʤ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ. ʆʩʥʦʚʘ ʢʫʙʘ ʟʘʢʨʽʧʣʝʥʘ. 

ɿʚʝʨʭʫ ʜʽʻ ʩʠʣʘ 
2/10000 ʤʥF = , ʩʧʨʷʤʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʽ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʧʦʚʝʨʭʥʽ ʛʨʘʥʽ. 

   
ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʚ COMSOL Multiphysics ʧʨʠʟʥʘʯʝʥʠʡ 

ʧʨʠʢʣʘʜʥʠʡ ʽʥʪʝʨʬʝʡʩ Solid Mechanics. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʡʦʛʦ, ʚʘʤ ʥʝʧʦʪʨʽʙʥʦ 

ʟʘʧʠʩʫʚʘʪʠ ʩʠʩʪʝʤʫ ɼʈʏʇ (ʧʨʦʛʨʘʤʘ ʟʨʦʙʠʪʴ ʮʝ ʩʘʤʘ). ʊʨʝʙʘ ʣʠʰʝ ʧʦʙʫʜʫʚʘʪʠ 

ʛʝʦʤʝʪʨʽʶ ʪʽʣʘ, ʚʠʙʨʘʪʠ ʤʘʪʝʨʽʘʣ, ʟʘʜʘʪʠ ʟʦʚʥʽʰʥ ʁ ʥʘʚʘʥʪʘʛʫ ʪʘ ʚʢʘʟʘʪʠ 

ʦʙʤʝʞʝʥʥʷ/ʟʘʢʨʽʧʣʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘ ʦʙʯʠʩʣʶʻ ʧʝʨʝʤʽʱʝʥʥʷ, 

ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʦ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

  ʉʪʚʦʨʽʪʴ ʤʦʜʝʣʴ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʦʤʘʥʜ: 
   File- >New- >Model Wizard- >3D- > 

   Structural Mechanics - Solid Mechanics (solid)-> Stationary 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʰʫʢʘʥʠʤʠ ʻ ʬʫʥʢʮʽʾ ʟ ʽʤʝʥʘʤʠ u,v,w  , ʷʢʽ ʙʫʣʠ ʟʘʟʥʘʯʝʥʽ ʫ 

ʚʽʢʥʽ ʚʠʙʦʨʫ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ Select  Physics .  

  ɺ Comsol Multiphysics ʚ ʚʠʨʘʟʘʭ ʟʘʤʽʩʪʴ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ. ɯʤʝʥʘ ʪʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʶʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 

ʧʘʨʘʤʝʪʨʽʚ ʇɺ ʚʫʟʣʘ Parameters. ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʤʠ ʩʪʚʦʨʠʤʦ ʧʘʨʘʤʝʪʨʠ, 

ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʦʚʞʠʥʫ ʩʪʦʨʦʥʠ ʢʫʙʘ (a), ʨʘʜʽʫʩ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʦʪʚʦʨʫ (r), 

ʚʝʣʠʯʠʥʫ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ (F) ʽ ʧʣʦʱʫ ʛʨʘʥʽ  (
22 raS p-= ). 

ɿʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

   Global Definitions : RMB > Parameters 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Parameters 1 ʚ ʢʦʣʦʥʮʽ Name  ʚʚʦʜʴʪʝ ʽʤʝʥʘ 

ʧʘʨʘʤʝʪʨʽʚ, ʘ ʚ ʢʦʣʦʥʮʽ Expression  ï ʟʥʘʯʝʥʥʷ. ʇʦʣʷ ʚ ʩʪʦʚʧʮʽ Value  ʙʫʜʫʪʴ 

ʟʘʧʦʚʥʶʚʘʪʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ɺ ʢʦʣʦʥʮʽ Description  ʚʚʦʜʷʪʴʩʷ ʢʦʤʝʥʪʘʨʽ. 

ɿʘʧʦʚʥʽʪʴ ʪʘʙʣʠʮʶ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ. 

 
ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ. ʇʨʠ ʘʢʪʠʚʥʦʤʫ ʚʫʟʣʽ Geometry 1 ʚʠʢʦʥʘʡʪʝ 

ʽʥʩʪʨʫʢʮʽʾ: 

  Geometry  - > Pimitives  - > Block 

Geometry 1 ï Block 1 (blk1): 

   Si ze  ï Width , Depth,  Height = a,a,a    (ʪʨʠ ʧʦʣʷ) 
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   Position ï Base = Center  

  LMB > Build Selected 
ʉʪʚʦʨʽʪʴ ʪʨʠ ʮʠʣʽʥʜʨʠ ʥʘʩʪʫʧʥʠʤʠ ʽʥʩʪʨʫʢʮʽʷʤʠ. 
  Geometry - > Primitives - > Cylinder 

Geometry 1 ï Cylinder 1(ʩyl1): 

   Size and Shape ï Radius = r  

           ï Height = a 

   Position ï x, y, z = 0,0, - a/2          (ʪʨʠ ʧʦʣʷ) 

   Axis ï Axis type = z- axis  

  Geometry - > Primitives - > Cylinder 

Geometry 1 ï Cylinder 2(ʩyl2): 

   Size and Shape ï Radius = r  

           ï Height = a 

   Position ï x, y, z = 0, - a/2 ,0          (ʪʨʠ ʧʦʣʷ) 

   Axis ï Axis type = Cartesian  

      ï x, y, z = 0,1,0             (ʪʨʠ ʧʦʣʷ) 

  Geometry - > Primitives - > Cylinder 

Geometry 1 ï Cylinder 3(ʩyl3): 

   Size and Shape ï Radius = r  

           ï Height = a 

   Position ï x, y, z = - a/2 ,0,0         (ʪʨʠ ʧʦʣʷ) 

   Axis ï Axis type = Cartesian  

   Axis  ï x, y, z = 1,0,0            (ʪʨʠ ʧʦʣʷ) 

  LMB > Build All Objects 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ ʣʦʛʽʯʥʦʛʦ ʚʽʜʥʽʤʘʥʥʷ ʚʠʜʘʣʠʤʦ ʮʠʣʽʥʜʨʠ ʟ ʦʙʣʘʩʪʽ ʢʫʙʘ. 
  Geometry - > Booleans and Partitions - > Difference  

Geometry 1 ï Difference 1 (dif1): 

   Difference  ï Object to add = blk1     (ʢʫʙ) 

         ï Object to subtract = cyl1,cyl2,cyl3    (ʮʠʣʽʥʜʨʠ) 

  LMB > Build All Objects 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʢʫʙ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʦʪʚʦʨʘʤʠ, ʷʢʠʡ ʧʦʢʘʟʘʥʦ 

ʥʘ ʧʦʯʘʪʢʫ ʮʴʦʛʦ ʧʘʨʘʛʨʘʬʘ (ʙʝʟ ʩʪʨʽʣʦʢ ʥʘʚʘʥʪʘʛʠ). 

  ʇʦʙʫʜʫʡʪʝ ʩʢʽʥʯʝʥʥʦ - ʝʣʝʤʝʥʪʥʫ ʩʽʪʢʫ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

Component 1 ï Meah 1: LMB > Build All 

 
ɺʠʙ̔ʨ ʤʘʪʝʨʽʘʣʫ. ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

   Materials  - >  Add Material 
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ʇʨʘʚʦʨʫʯ ʚʽʜ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ ʚʽʜʢʨʠʻʪʴʩʷ ʚʽʢʥʦ Add Material . ʋ ʚʽʢʥʽ Add 

Material  ʚ ʜʝʨʝʚʽ ʜʦʩʪʫʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʙʝʨʽʪʴ Built ïIn  ï Concrete  

(ʙʝʪʦʥ). ʂʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ +Add to Component, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʛʦʨʽ ʮʴʦʛʦ 

ʚʽʢʥʘ. ʇʦʪʽʤ ʟʘʢʨʠʡʪʝ ʚʽʢʥʦ çʭʨʝʩʪʠʢʦʤè ʚ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪ.̔ ɺ ɼʄ 

ʟ'ʷʚʠʪʴʩʷ ʚʫʟʦʣ Materials - Concrete (mat1) ʽ ʡʦʛʦ ʇɺ ʟ ʪʘʙʣʠʮʝʶ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɻʘʣʦʯʢʠ ʥʘʚʧʨʦʪʠ ʜʝʷʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʢʘʟʫʶʪʴ, ʱʦ ʾʭ ʟʥʘʯʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʪʦʯʥʽʡ ʬʽʟʠʯʥʽʡ ʤʦʜʝʣʽ. 

ɿʘʫʚʘʞʝʥʥʷ. ʗʢʱʦ ʚ ʇɺ ʚʫʟʣʘ çʬʽʟʠʢʠè ʚʢʘʟʘʪʠ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

From material , ʽ ʩʧʨʦʙʫʚʘʪʠ ʦʙʯʠʩʣʠʪʠ ʤʦʜʝʣʴ ʙʝʟ ʟʘʟʥʘʯʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʪʦ ʚ 

ʣʽʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʽ ʧʽʢʪʦʛʨʘʤʠ ʚʫʟʣʘ Materials ʟôʷʚʠʪʴʩʷ ʯʝʨʚʦʥʠʡ 

ʭʨʝʩʪʠʢ (³), ʷʢʠʡ ʧʦʟʥʘʯʘʪʠʤʝ ʧʦʤʠʣʢʫ. 

 
ɿʘʜʘʡʪʝ ʥʘʚʘʥʪʘʛʠ ʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʚʠʢʦʥʘʚʰʠ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʢʮʽʾ. 

  Physics  - > Boundaries  ï Boundary Load 

Boundary Load 1: 

   Boundary Selection ï Selection  = 4     (ʚʝʨʭʥʷ ʛʨʘʥʴ ʢʫʙʘ) 

   Force  ï FA = 0,0, - F             (ʪʨʠ ʧʦʣʷ) 

ʆʩʢʽʣʴʢʠ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ F ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ ʩʧʨʷʤʦʚʘʥʠʡ ʚʥʠʟ (ʧʨʦʪʠ ʥʘʧʨʷʤʫ 

ʚʽʩʽ Z), ʪʦ ʧʦʪʨʽʙʥʦ ʧʦʩʪʘʚʠʪʠ ʟʥʘʢ ʤʽʥʫʩ.   

  Physics  - > Boundaries  ï Fixed Constraint 

Fixed Constraint 1: 

   Boundary Selection ï Selection  = 3    (ʥʠʞʥʷ ʛʨʘʥʴ ʢʫʙʘ ʟʘʢʨʽʧʣʝʥʘ) 

ʂʨʽʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʪʨʝʙʘ ʚʨʘʭʫʚʘʪʠ ʚʣʘʩʥʫ ʚʘʛʫ ʪʽʣʘ. ʎʝ ʦʙôʻʤʥʘ ʩʠʣʘ. ʊʦʤʫ 

ʚʦʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ ʥʘʚʘʥʪʘʛ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʚ ʚʠʧʘʜʥʦʤʫ ʩʧʠʩʢʫ Domains  

ʧʘʥʝʣʽ Physics .  

  Physics  - > Domains  ï Body Load 

Body Load 1: 

   Domain Selection ï Selection  = 1       (ʢʫʙ) 

   Force ï FV = 0,0, -  solid.rho*g_const     (ʪʨʠ ʧʦʣʷ) 

ʊʫʪ  FV ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʢʪʦʨ ʚʘʛʠ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʚʝʢʪʦʨ 

ʩʧʨʷʤʦʚʘʥʠʡ ʚʥʠʟ, ʪʦ ʤʠ ʧʦʩʪʘʚʠʣʠ ʟʥʘʢ ʤʽʥʫʩ.  ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʷʢ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʽʤôʷ ʛʫʩʪʠʥʠ ʙʝʪʦʥʫ solid . rho  ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʢʦʚʦʾ ʥʦʪʘʮʽʾ. 

ʉʪʘʣʘ g_const   ʧʦʟʥʘʯʘʻ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ.   

  ɺʠʢʦʥʘʡʪʝ ʦʙʯʠʩʣʝʥʥʷ ʢʦʤʘʥʜʦʶ 

  Home- >Compute 

ɺ ʛʽʣʮʽ Results ʟ'ʷʚʠʪʴʩʷ ʛʽʣʢʘ Stress (solid) ʪʨʠʚʠʤʽʨʥʦʾ ʛʨʫʧʠ ʛʨʘʬʽʢʽʚ ʟ ʚʫʟʣʦʤ 

Surface 1, ʱʦ ʤʽʩʪʠʪʴ ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢʠ ʥʘʧʨʫʞʝʥ ɹʄʽʟʝʩʘ.  

  ʇʦʚʝʨʭʥʝʚ ̔ ʛʨʘʬʽʢʠ ʧʨʠʟʥʘʯʝʥ ̔ ʜʣʷ ʢʦʣʴʦʨʦʚʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʥʘʯʝʥʴ 

ʚʝʣʠʯʠʥ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʨʠʚʠʤʽʨʥʠʭ ʪʽʣ. 

  ɿʤʽʥʠʤʦ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʝʚʦʤʫ ʛʨʘʬʽʢʫ.  
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Stress (solid) - Surface 1: 

   Expression ï Expression  = solid.sz  

   Coloring and Style ï Color table  = RainbowLight   

ʊʫʪ  solid   ʷʚʣʷʻ ʽʤôʷ çʬʽʟʠʢʠè (ʽʤôʷ, ʷʢʝ ʚʢʘʟʘʥʦ ʚ ʧʦʣʽ Name  ʇɺ ʚʫʟʣʘ Solid 

Mechanics (solid)), ʘ ʟʤʽʥʥʘ sz  ʧʦʟʥʘʯʘʻ zs  ʥʘʧʨʫʞʝʥʥʷ (ʚʥʫʪʨʽʰʥʶ 

ʚʝʨʪʠʢʘʣʴʥʫ ʩʠʣʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʥʦʨʤʘʣʴʥʦʛʦ ʜʦ 

ʚʽʩʽ Z).  

  ɼʣʷ ʥʘʦʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʘ ʩʪʚʦʨʠʣʘ ʧʽʜʚʫʟʦʣ 

Deformation. ʋ ʥʦɹʤʫ ʚ ʪʝʢʩʪʦʚʠʭ ʧʦʣʷʭ ʨʦʟʜʽʣʫ Expressin  ʚʢʘʟʘʥ ̔ ʽʤʝʥʘ 

ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʥʷ (u, v, w). ʑʦʙ ʢʨʘʱʝ ʧʦʙʘʯʠʪʠ ʜʝʬʦʨʤʘʮʽʶ ʪʽʣʘ 

ʤʠ ʣʠʰʝ ʟʤʽʥʠʤʦ ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ Scale factor . ʅʘ ʟʦʙʨʘʞʝʥʥʽ ʮʝ 

ʟʤʽʥʠʪʴ ʟʤʽʱʝʥʥʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʫ ʟʘʟʥʘʯʝʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ. 

Stress (solid) - Surface 1 - Deformation: 

   Scale ï Scale factor  = True , 25000   

  LMB > Plot 

 

 
ʉʧʨʘʚʘ ʚʽʜ ʪʽʣʘ ʟʦʙʨʘʞʝʥʦ ʰʢʘʣʫ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʣʴʦʨʽʚ 

ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʞʝʥʥʷ zs . ʑʦʙ ʥʘ ʛʨʘʬʽʢʫ ʥʝ ʚʽʜʦʙʨʘʞʘʚʩʷ ʢʦʥʪʫʨ ʪʽʣʘ, ʘ ʥʘ 

ʰʢʘʣʽ ʢʦʣʴʦʨʽʚ ʚʽʜʦʙʨʘʟʠʣʦʩ ̫ʤʽʥʽʤʘʣʴʥʝ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ 

zs , ʟʥʽʤʝʤʦ ʽ ʚʩʪʘʥʦʚʠʤʦ ʚʽʜʧʦʚʽʜʥʽ ʧʨʘʧʦʨʮʽ: 

Results - Stress (solid): 

   Plot Settings ï Plot data set edges  = False  

   Color Legend ï Show mximum and minimum  values  = True  

  LMB > Plot 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʭʦʯʘ ʪʽʣʦ ʩʪʠʩʢʘʻʪʴʩʷ, ʤʘʢʩʠʤʘʣʴʥʝ (ʯʝʨʚʦʥʝ) ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ zs  ʜʦʜʘʪʥʝ, ʪʦʙʪʦ ʽʩʥʫʶʪʴ ʯʘʩʪʠʥʠ ʪʽʣʘ, ʷʢʽ ʨʦʟʪʷʛʫʶʪʴʩʷ. ɹʝʪʦʥ 

ʜʦʙʨʝ ʚʠʪʨʠʤʫʻ ʩʪʠʩʢʘʥʥʷ, ʘʣʝ ʧʦʛʘʥʦ ʧʨʘʮʶʻ ʥʘ ʨʦʟʪʷʛʥʝʥʥʷ. ʆʪʞʝ ʚ ʯʝʨʚʦʥʠʭ 

ʯʘʩʪʠʥʘʭ ʪʽʣʘ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʨʫʡʥʫʚʘʥʥʷ. ʈʫʡʥʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʽ ʚ 

ʩʪʠʩʥʫʪʽʡ ʯʘʩʪʠʥʽ, ʷʢʱʦ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʘʥʥʷ ʜʫʞʝ ʚʝʣʠʢʝ. ʑʦʙ ʟôʷʩʫʚʘʪʠ 

ʚʽʜʙʫʜʝʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʯʠ ʥʽ, ʧʦʪʨʽʙʥʦ ʧʦʨʽʚʥʷʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʽ ʤʽʥʽʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʟ ʛʨʘʥʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʤʘʨʢʠ ʙʝʪʦʥʫ.  

  ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʷʢ ʨʦʟʜʠʚʠʪʠʩʷ ʢʘʨʪʠʥʫ ʥʘʧʨʫʞʝʥʴ zs  ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʥʫʪʨʽʰʥʽʭ ʦʪʚʦʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʚ ʩʠʩʪʝʤʽ ʽʩʥʫʻ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʢʝʨʫʚʘʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʯʘʩʪʠʥ ʛʝʦʤʝʪʨʽʾ ʽ ʥʘ ʛʨʘʬʽʢʫ ʧʦʢʘʟʫʚʘʪʠ ʥʝ ʚʩʽ ʾʾ 

ʝʣʝʤʝʥʪʠ. ʎʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʻ ʚʫʟʣʠ ʪʠʧʫ View  (ɺʠʜ). ɺ ʥʠʭ ʟʘʜʘʶʪʴʩʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʧʦʩʽʙ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʚ ʛʨʘʬʽʯʥʠʭ 

ʚ̔ ʢʥʘʭ. ʋ ʇɺ View  ʚʫʟʣʽʚ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʟʥʘʢʠ (ʧʨʘʧʦʨʮʽ) ʚʽʜʦʙʨʘʞʝʥʥʷ 
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ʩʣʫʞʙʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʛʨʘʬʽʢʽʚ: ʧʦʟʥʘʯʦʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʦʨʜʠʥʘʪʥʦʾ 

ʩʽʪʢʠ ʽ ʦʩʝʡ, ʩʧʦʩʽʙ ʦʩʚʽʪʣʝʥʥʷ ʽ ʩʪʫʧʽʥʴ ʧʨʦʟʦʨʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʛʝʦʤʝʪʨʽʾ. ɺ 

ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʷʭ ʫ ʜʦʯʽʨʥʽʭ ʧʽʜʚʫʟʣʘʭ ʚʫʟʣʽʚ View  ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʞʝʨʝʣʘ 

ʩʚʽʪʣʘ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʘʤʝʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʦʟʥʘʢʠ ʧʨʠʭʦʚʫʚʘʥʥʷ ʜʝʷʢʠʭ 

ʝʣʝʤʝʥʪʽʚ ʛʝʦʤʝʪʨʽʾ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʘ ʯʘʩʪʠʥʘ ʇɺ ʚʫʟʣʘ View . 

 

 
ɿʘʟʚʠʯʘʡ ʚʫʟʣʠ View  ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʛʽʣʮʽ Definitions ʢʦʤʧʦʥʝʥʪʘ. ʊʨʝʙʘ 

ʢʣʘʮʥʫʪʠ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʮʴʦʤʫ ʚʫʟʣʫ ʽ ʚʠʙʨʘʪʠ ʢʦʤʘʥʜʫ View ʟ 

ʚʠʧʘʜʥʦʛʦ ʤʝʥʶ. ʆʜʠʥ View  ʚʫʟʦʣ ʙʫʜʫʻʪʴʩʷ ʟʘʚʞʜʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧʦʥʝʥʪʘ, 

ʘʣʝ ʪʘʢʠʭ ʚʫʟʣʽʚ ʤʦʞʝ ʙʫʪʠ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ.  

  ʋ ʚʫʟʣʽ View  ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʶʪʴʩʷ ʧʜ̔ʚʫʟʣʠ ʪʨɹʦʭ ʩʧʨʷʤʦʚʘʥʠʭ 

ʜʞʝʨʝʣ ʩʚʽʪʣʘ. ɺʩʴʦʛʦ ʚ ʩʠʩʪʝʤʽ ʽʩʥʫʻ ʯʦʪʠʨʠ ʪʠʧʠ ʜʞʝʨʝʣ ʩʚ̔ʪʣʘ: 

¶ ʩʧʨʷʤʦʚʘʥʝ ʜʞʝʨʝʣʦ (Directional Light) ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʩʚʽʪʣʦ, ʧʨʦʤʝʥʽ 

ʷʢʦʛʦ ʚʠʭʦʜʷʪʴ ʟ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ; 

¶ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ (Point Light) ʩʭʦʞʝ ʥʘ ʣʘʤʧʦʯʢʫ, ʷʢʘ ʩʚʽʪʠʪʴ ʥʘ ʚʩʽ ʙʦʢʠ ʽ 

ʚʠ ʤʦʞʝʪʝ ʟʘʜʘʚʘʪʠ ʾʾ ʧʦʣʦʞʝʥʥʷ; 

¶ ʣʽʭʪʘʨ (Spotlight); ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʘʜʘʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʽ 

ʡʦʛʦ ʥʘʧʨʷʤʦʢ;  

¶ ʬʘʨʘ (Headlight) ʧʨʠʢʨʽʧʣʝʥʘ ʜʦ çʢʘʤʝʨʠè ʽ ʩʚʽʪʠʪʴ ʚʽʜ ʥʝʾ (ʪʦʙʪʦ ʟʘʚʞʜʠ 

ʩʚʽʪʠʪʴ ʚʽʜ ʚʘʩ). 

ɼʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦ ʚʠʜʫ/ʩʮʝʥʠ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ ʥʝʦʙʭʽʜʥʦ ʜʦ ʚʫʟʣʘ View  ʜʦʜʘʪʠ 

ʧʽʜʚʫʟʦʣ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ. 

  ʋ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʚʘʥʦʤʫ ʧ̔ ʜʚʫʟʣ ̔Camera ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʢʘʤʝʨʠ. ɺʦʥʠ ʟʘʜʘʶʪʴ ʢʫʪ ʟʦʨʫ, ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʤʘʩʰʪʘʙ ʽ ʧʝʨʩʧʝʢʪʠʚʫ 

ʢʘʤʝʨʠ. ɺʠ ʤʦʞʝʪʝ ʫʷʚʠʪʠ ʩʦʙʽ ʩʧʨʘʚʞʥʶ ʢʘʤʝʨʫ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʝʜ 

ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ, ʽ ʚʠ ʜʠʚʠʪʝʩʴ ʥʘ ʦʙôʻʢʪ ʧʨʷʤʦ ʩʢʨʽʟʴ ʚʠʜʦʰʫʢʘʯ ʢʘʤʝʨʠ. 



82 

 

ʄʦʜʠʬʽʢʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʚ ʇɺ ʚʫʟʣʘ Camera, ʚʠ ʥʘʣʘʰʪʦʚʫʻʪʝ ʢʘʤʝʨʫ, 

ʟʤʽʥʶʶʯʠ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʥʝ ʛʝʦʤʝʪʨʽʶ ʪʽʣʘ.  

  ʂʝʨʫʚʘʪʠ ʢʘʤʝʨʦ  ʁʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʦʢ ʤʠʰʽ: 

¶ ʥʘʪʠʩʢʘʥʥʷ ʧʨʘʚʦʾ ʢʥʦʧʢʠ ʤʠʰʽ ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʠʰʽ 
ʟʩʦʚʫʻ ʟʦʙʨʘʞʝʥʥʷ; 

¶ ʥʘʪʠʩʢʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʥʦʧʢʠ ʤʠʰ ̔ (ʘʙʦ ʢʦʣʝʩʘ) ʚ ʛʨʘʬʽʯʥʽʡ ʦʙʣʘʩʪʽ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʠʰʽ ʤʘʩʰʪʘʙʫʻ ʟʦʙʨʘʞʝʥʥʷ; 

¶ ʫʪʨʠʤʫʚʘʥʥʷ ʥʘʪʠʩʥʫʪʦʶ ʢʣʘʚʽʰʫ Ctrl  ʽ ʦʜʥʽʻʾ ʟ ʢʥʦʧʦʢ ʤʠʰʽ, ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʠʰʽ ʟʤʽʥʶʻ ʧʦʣʦʞʝʥʥʷ çʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ/ʢʘʤʝʨʠè ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʽʥʶʻ ʟʦʙʨʘʞʝʥʥʷ (ʪʽʣʴʢʠ ʜʣʷ ʪʨʠʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ). 

¶ ʫʪʨʠʤʫʚʘʥʥʷ ʥʘʪʠʩʥʫʪʦʶ ʢʣʘʚʽʰʫ Alt  ʽ ʦʜʥʽʻʾ ʟ ʢʥʦʧʦʢ ʤʠʰʽ, ʪʘ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʠʰʽ ʦʙʝʨʪʘʻ ʟʦʙʨʘʞʝʥʥʷ ʥʘʚʢʦʣʦ ʣʽʥʽʾ ʟʦʨʫ. 

ʈʫʭʘʶʯʠʩʴ ʧʦ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʫ ʚʠ ʟʤʽʱʫʻʪʝ ʢʘʤʝʨʫ, ʘ ʥʝ ʩʘʤʫ ʛʝʦʤʝʪʨʽʶ. 

  ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʭʦʚʘʪʠ ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ ʫ ʚʫʟʣʽ View ʩʪʚʦʨʶʻʪʴʩʷ 

ʜʦʯʽʨʥʽʡ ʚʫʟʦʣ Hide Geometric Entities. ʅʘʧʨʠʢʣʘʜ, ʩʧʨʦʙʫʻʤʦ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʩʭʦʚʘʪʠ ʜʚʽ ʧʝʨʝʜʥʽ ʽ ʚʝʨʭʥʶ ʛʨʘʥʴ ʢʫʙʘ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ çʚʠʜè, ʚ ʷʢʦʤʫ ʥʝ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʮʽ ʝʣʝʤʝʥʪʠ 

ʛʝʦʤʝʪʨʽʾ. ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʠ 

Component 1 ï Definitions : RMB > View 

Component 1 ï Definitions ï View 2 : RMB > Hide Geometric Entities 
ʋ ɼʄ ʩʪʚʦʨʶʻʪʴʩʷ ʚʫʟʦʣ Hide Geometric Entities 1 (ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ 

ʣʽʚʦʨʫʯ). ɺ ʡʦʛʦ ʇɺ ʚ ʧʦʣ ̔Geometric entity level ʚʠʙʝʨʽʪʴ Boundary  ʨʽʚʝʥʴ 

ʛʝʦʤʝʪʨʽʾ (ʱʦʙ ʧʨʠʭʦʚʘʪʠ ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥ)̔, ʽ ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ʚʢʘʞʽʪʴ 

ʽʥʜʠʢʘʪʦʨʠ 1, 2, 4  ʜʚʦʭ ʧʝʨʝʜʥʽʭ ʽ ʚʝʨʭʥʴʦʾ ʛʨʘʥʝʡ ʢʫʙʘ (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ 

ʣʽʚʦʨʫʯ). ɼʣʷ ʢʦʥʪʨʦʣʶ ʤʦʞʥʘ ʢʣʘʮʥʫʪʠ ʢʥʦʧʢʫ  Show Objects in Selection  

ʚʛʦʨʽ ʇɺ ʚʫʟʣʘ Hide Geometric Entities 1. ɺ ʛʨʘʬʽʯʥʽʡ ʟʦʥʽ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʦ 

ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʟʘʟʥʘʯʝʥʠʭ ʧʦʚʝʨʭʦʥʴ (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʚ ʮʝʥʪʨʽ). 

  
 

ʇʝʨʝʡʜʽʪʴ ʜʦ ʚʫʟʣʘ Results - Stress (solid) ʽ ʚ ʡʦʛʦ ʇɺ ʚʚʝʜʽʪʴ 

   Plot Settings ï View  = View  2 

  LMB > Plot 
ʇʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʙʫʜʝ ʧʝʨʝʙʫʜʦʚʘʥʠʡ, ʽ ʚʠ ʧʦʙʘʯʠʪʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʠʩʫʥʢʫ ʧʨʘʚʦʨʫʯ.  

  ʆʪʞʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʇɺ ʚʫʟʣʘ Hide Geometric Entities ʜʦʟʚʦʣʷʶʪʴ 

ʭʦʚʘʪʠ ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ (ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʛʝʦʤʝʪʨʽʾ, ʘʣʝ ʥʝ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʛʨʘʬʽʢʘʭ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʪʴʢʽʚʩʴʢʠʡ çʚʠʜè). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʽʩʥʫʻ ʩʭʦʞʠʡ ʚʫʟʦʣ Hide Geometric Objects ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ 

ʜʦʟʚʦʣʷʻ ʭʦʚʘʪʠ ʮʽʣʽ ʦʙôʻʢʪʠ ʟ ʛʝʦʤʝʪʨʽʾ ʢʦʤʧʦʥʝʥʪʘ. 
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ɿʘʫʚʘʞʝʥʥʷ. ʇʽʜʚʫʟʣʠ ʪʠʧʫ Hide Geometric Entities  ʩʪʚʦʨʶʶʪʴʩʷ ʣʠʰʝ ʫ 

View  ʚʫʟʣʘʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ View  ʚʫʟʣʠ ʛʽʣʢʠ Results ï Views  ʚʦʥʠ ʥʝ 

ʜʦʜʘʶʪʴʩʷ. 

  ʑʦʙ ʜʘʣʽ ʥʝ ʙʫʣʦ ʧʣʫʪʘʥʠʥʠ, ʧʦʚʝʨʥʽʪʴʩʷ ʫ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ  Stress (solid) 

ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʜʫ. 

Results - Stress (solid): 

   Plot Settings ï View  = View  1 

  LMB > Plot 
ʇʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʚʽʜʦʙʨʘʞʘʻ ʚ ʢʦʣʴʦʨʘʭ ʚʝʣʠʯʠʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ. ʗʢʱʦ 

ʧʦʪʨʽʙʥʦ ʟʦʙʨʘʟʠʪʠ ʚʝʣʠʯʠʥʫ ʚʩʝʨʝʜʠʥʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʽʣʘ, ʪʦ ʜʣʷ ʮʴʦʛʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʰʘʨʦʚʠʡ (Slice) ʛʨʘʬʽʢ. ɺʽʥ ʧʦʢʘʟʫʻ ʨʦʟʧʦʜʽʣ ʚʝʣʠʯʠʥʠ  

ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ, ʨʦʟʬʘʨʙʦʚʫʶʯʠ ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʘʤʠ ʧʣʦʩʢʽ ʰʘʨʠ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ 

ʩʢʨ̔ʟʴ ʪʽʣʦ. ʇʦʙʫʜʫʻʤʦ ʦʜʠʥ ʪʘʢʠʡ ʛʨʘʬʽʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʽʥʩʪʨʫʢʮʽʡ. 
  Results - >3D Plot Group 

3D Plot Group 2: 

   Dataï Data set  = Study 1/Solution 1  

   Plot Settings ï View  = View  1 

  3D Plot Group 2  - > Add Plot  ï Slice 

3D Plot Group 2 ï Slice 1: 

   Dataï Data set = From parent  

   Expression ï Expression  = solid.sz  

   Plane Data ï Entry method , Planes = Number of planes ,6  

   Coloring and Style ï Color table  = RainbowLight  

  LMB > Plot 

 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚ ʇɺ ʚʫʟʣʘ Slice 1 ʚ ʨʦʟʜʽʣʽ Plane Data  ʟʘʟʥʘʯʘʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʟʨʽʟʽʚ (ʧʦʣʝ Planes). ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʘʧʦʨʝʮʴ 

Interactive , ʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʛʫʥʢʘ Shift  ʤʦʞʥʘ ʧʝʨʝʤʽʱʘʪʠ ʚʩʶ çʧʘʯʢʫè 

ʟʨʽʟʽʚ ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ. 

  ɿʥʷʪʠ ʟ ʛʝʦʤʝʪʨʽʾ çʚʝʨʭʥʽʡ ʰʘʨè ʽ ʟʘʟʠʨʥʫʪʠ ʚʩʝʨʝʜʠʥʫ ʤʦʜʝʣʽ ʤʦʞʥʘ 

ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʫʟʣʽʚ ʪʠʧʫ Filter . ɺʦʥʠ ʩʪʚʦʨʶʶʪʴʩʷ ʷʢ ʧʽʜʚʫʟʣʠ 

ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʽʚ ʽ ʤʽʩʪʷʪʴ ʣʦʛʽʯʥʠʡ ʚʠʨʘʟ ʟ ʢʨʠʪʝʨʽʻʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʢʽ ʯʘʩʪʠʥʠ 

ʛʨʘʬʽʢʘ ʟʦʙʨʘʞʘʪʠ. 



84 

 

  ʉʪʚʦʨʠʤʦ ʱʝ ʦʜʥʫ ʪʨʠʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʛʨʘʬʽʢʦʤ, ʥʘ 

ʷʢʦʤʫ ʙʫʜʝʤʦ ʚʽʜʦʙʨʘʞʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ (ʤʦʜʫʣ ɹʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʥʷ), ʱʦ ʚ 

ʽʥʪʝʨʬʝʡʩʽ Solid Mechanics  ʧʦʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʥʦʶ disp . 

  Results - >3D Plot Group 

3D Plot Group 3: 

   Dataï Data set  = Study 1/Solution 1  

   Plot Settings ï View  = View  1 

  3D Plot Group 3  - > Add Plot  ï Surface 

3D Plot Group 3 ï Surface 1: 

   Dataï Data set = From parent  

   Expression ï Expression  = solid.disp  

  LMB > Plot 

 
ʊʝʧʝʨ ʜʦʜʘʤʦ ʜʦ ʛʨʘʬʽʢʘ ʬʽʣʴʪʨ. 

3D Plot Group 3 ï Surface 1: RMB > Filter 

3D Plot Group 3 ï Surface 1 ï Filter  1: 

   Element Selection ï Logical expression for inclusion = 

                  x>- 0.9 && z<0.9 &&  y> - 0.9  

  LMB > Plot 

 

 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʫʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʠʡ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ʊʫʪ ʣʦʛʽʯʥʠʡ ʚʠʨʘʟ x>- 0.9 && z<0.9 && y> - 0.9  çʟʥʷʚè ʟ ʛʝʦʤʝʪʨʽʾ çʧʝʨʝʜʥʽʡ 

ʰʘʨè ʽ ʟʘʣʠʰʠʚ ʥʘ ʛʨʘʬʽʢʫ ʚʩʽ ʝʣʝʤʝʥʪʠ, ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʷʢʠʭ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʟʘʜʘʥʦʤʫ ʢʨʠʪʝʨʽʶ. 

ɿʘʫʚʘʞʝʥʥʷ. ʌʽʣʴʪʨʠ ʜʽʁʪʴ ʣʠʰʝ ʥʘ ʜʞʝʨʝʣʘʭ ʜʘʥʠʭ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʉʢɽ 

ʩʽʪʢʫ. ɺ ʛʨʘʬʽʢʘʭ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ɼɼ ʪʠʧʫ Grid , ʬʽʣʴʪʨʠ ʥʝ ʧʨʘʮʶ ʪʁ.ɹ 
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  ʄʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʱʝ ʦʜʥʝ ʢʦʨʠʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ çʬʽʣʴʪʨʽʚè. 

ʇʦʚʝʨʥʝʤʦʩʷ ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʛʨʘʬʽʢʘ Results ï Stress (solid) ʥʘʧʨʫʞʝʥʥʷ zs .  

ʄʠ ʙʘʯʠʣʠ, ʱʦ ʚ ʜʝʷʢʠʭ ʪʦʯʢʘʭ ʪʽʣʘ ʥʘʧʨʫʞʝʥʥʷ ʜʦʜʘʪʥʝ 0>zs , ʪʦʙʪʦ ʙʝʪʦʥ 

ʨʦʟʪʷʛʫʻʪʴʩʷ. ʑʦʙ ʚʽʥ ʥʝ ʨʫʡʥʫʚʘʚʩʷ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʟʘʟʚʠʯʘʡ ʨʦʟʪʷʛʥʫʪʽ 

ʜʽʣʷʥʢʠ ʙʝʪʦʥʫ ʘʨʤʫʶʪʴ. ɸʣʝ ʟ ʛʨʘʬʽʢʘ Stress (solid) ʥʝ ʜʦʩʠʪʴ ʟʨʦʟʫʤʽʣʦ, ʷʢʽ 

ʯʘʩʪʠʥʠ ʪʽʣʘ ʨʦʟʪʷʛʫʶʪʴʩʷ, ʘ ʷʢʽ ʥʽ. ʉʧʨʦʙʫʻʤʦ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚʠʜʽʣʠʪʠ 

ʢʦʣʴʦʨʦʤ ʯʘʩʪʠʥʠ ʪʽʣʘ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʨʦʟʪʷʛʫʚʘʥʥ.̫ ɼʣʷ ʮʴʦʛʦ ʥʘʢʣʘʜʝʤʦ ʥʘ 

ʽʩʥʫʶʯʠʡ ʛʨʘʬʽʢ ʽʥʰʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ, ʷʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʬʽʣʴʪʨʘ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠ ʯʝʨʚʦʥʠʤ (ʘʙʦ ʽʥʰʠʤ) ʢʦʣʴʦʨʦʤ ʪʽʣʴʢʠ ʪʽ ʯʘʩʪʠʥʠ 

ʧʦʚʝʨʭʥʽ, ʚ ʷʢʠʭ ʥʘʧʨʫʞʝʥʥʷ 0>zs  ʜʦʜʘʪʥʝ. ɼʣʷ ʮʴʦʛʦ ʚ ʥʘʰʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ 

ʜʦʜʘʤʦ ʱʝ ʦʜʠʥ Surface  ʛʨʘʬʽʢ. ʑʦʙ ʚʽʥ ʥʝ ʚʽʜʨʽʟʥʷʚʩʷ ʧʦ ʨʦʟʪʘʰʫʚʘʥʥʶ ʚʽʜ 

Surface 1, ʜʦʜʘʤʦ ʜʣʷ ʥʴʦʛʦ ʪʘʢʫ ʞ ʩʘʤʫ  ʜʝʬʦʨʤʘʮʽʶ. ʂʨʽʤ ʪʦʛʦ, ʚ ʷʢʦʩʪʽ 

ʚʠʨʘʟʫ ʜʣʷ ʟʘʙʘʨʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʘʻʤʦ ʦʜʠʥʠʮʶ ʽ ʜʣʷ ʥʝʾ ʦʙʝʨʝʤʦ 

ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ. ʗʢʱʦ ʙʽʣʴʰʝ ʥʽʯʦʛʦ ʥʝ ʨʦʙʠʪʠ, ʪʦ ʯʝʨʚʦʥʠʡ ʛʨʘʬʽʢ ʟʘʢʨʠʻ 

ʩʦʙʦʶ ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʥʘʧʨʫʞʝʥʥ ̫ zs  ʪʦʤʫ, ʱʦ ʡʴʦʛʦ ʚʫʟʦʣ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʚ ɼʄ ʥʠʞʯʝ. ɸʣʝ ʤʠ ʚʠʢʦʨʠʩʪʘʻʤʦ ʬʽʣʴʪʨ, ʷʢʠʡ ʥʘ ʥʦʚʦʤʫ ʛʨʘʬʽʢʫ ʜʦʟʚʦʣʠʪʴ 

ʚʽʜʦʙʨʘʟʠʪʠ ʪʽʣʴʢʠ ʯʘʩʪʠʥʠ ʧʦʚʝʨʭʥʽ ʟ ʜʦʜʘʪʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ 0>zs . ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʟʘʢʨʠʪʦʶ ʙʫʜʝ ʣʠʰʝ ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ Surface 1. 

  ɺʠʢʦʥʘʻʤʦ ʽʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʦʧʠʩʘʥʽ ʧʦʙʫʜʦʚʠ. 

Results - Stress (solid): RMB > Surface 

Results - Stress (solid) - Surface 2: 

   Expression ï Expression  = 1 

   Coloring and Style ï Coloring , Color  = Uniform , Red  

   Inherit Style ï Plot  = Surface 1  

           ï Color  = False  

           ï Color and data range  = False  

           ï Deform scale factor  = True  

           ï Height scale factor  = True  

ʇʦʷʩʥʠʤʦ ʩʝʥʩ ʧʦʣʽʚ ʨʦʟʜʽʣʫ Inherit Style  (ʫʩʧʘʜʢʫʚʘʥʥʷ ʩʪʠʣʶ). ʏʘʩʪʦ 

ʧʦʪʨʽʙʥʦ, ʱʦʙ ʛʨʘʬʽʢʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʜʥʽʡ ʛʨʫʧʽ, ʤʘʣʠ ʦʜʥʘʢʦʚʝ ʢʦʣʴʦʨʦʚʝ 

ʦʬʦʨʤʣʝʥʥʷ ʽ ʦʜʥʘʢʦʚʫ ʜʝʬʦʨʤʘʮʽʶ. ɺʠ ʤʦʞʝʪʝ ʚ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʟʘʜʘʚʘʪʠ 

ʦʜʥʘʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʘʣʝ ʮʝ ʢʣʦʧʽʪʥʦ. ɺ ʇɺ ʙʘʛʘʪʴʦʭ ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʽʚ ʻ ʨʦʟʜʽʣ 

Inherit  Style  (ʫʩʧʘʜʢʫʚʘʥʥʷ ʩʪʠʣʶ). ɺʠʙʽʨ ʚ ʡʦʛʦ ʩʧʠʩʢʫ Plot  ʽʤʝʥʽ 

ʛʨʘʬʽʯʥʦʛʦ ʚʫʟʣʘ, ʦʟʥʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʬʦʨʤʣʝʥʥʷ ʮʴʦʛʦ ʚʫʟʣʘ 

ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʛʨʘʬʽʢʘ. ɻʨʘʬʽʯʥʠʡ ʚʫʟʦʣ ʤʦʞʝ ʫʩʧʘʜʢʦʚʫʚʘʪʠ ʩʪʠʣʽ ʙʫʜʴ-ʷʢʦʛʦ ʟ 

ʛʨʘʬʽʢʽʚ ʡʦʛʦ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ, ʚʫʟʣʠ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ ʚ ʮʽʡ ʛʨʫʧʽ. ʅʠʞʯʝ 

ʩʧʠʩʢʫ Plot  ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʘʧʦʨʮʽ, ʷʢʽ ʚʢʘʟʫʶʪʴ, ʷʢʽ ʝʣʝʤʝʥʪʠ ʦʬʦʨʤʣʝʥʥʷ ʩʣʽʜ 

ʫʩʧʘʜʢʦʚʫʚʘʪʠ. 
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ʉʧʘʜʢʫʚʘʥʥʷ ʩʪʠʣʶ ʪʘʢʦʞ ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʦʬʦʨʤʣʝʥʥʷ ʚ 

çʙʘʪʴʢʽʚʩʴʢʦʤʫè ʛʨʘʬʽʢʫ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʟʤʽʥ ʫ ʚʩʽʭ ʛʨʘʬʽʢʘʭ, ʷʢʽ 

ʫʩʧʘʜʢʦʚʫʶʪʴ ʡʦʛʦ ʩʪʠʣʴ. 

  ɺ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʤʠ ʚʽʜʢʣʶʯʠʣʠ ʩʧʘʜʢʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʦʾ ʩʭʝʤʠ ʽ 

ʟʘʣʠʰʠʣʠ ʩʧʘʜʢʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ. ɺʦʥʠ ʫʩʧʘʜʢʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʜʣʷ 

ʧʦʪʦʯʥʦʛʦ ʚʫʟʣʘ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʧʽʜʚʫʟʦʣ Deformation . ɿʨʦʙʠʤʦ ʮʝ. 

Results - Stress (solid) - Surface 2: 
  RMB > Deformation 
ɿʘʣʠʰʠʣʦʩʷ ʜʦʜʘʪʠ ʬʽʣʴʪʨ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 

Stress (solid) - Surface 2: RMB > Filter 

Stress (solid) - Surface 2 ï Filter  1: 

   Element Selection ï Logical expression for inclusion = 

                          solid.sz>0  

   Element Selection ï Element nodes to fulfill expression = 

                          At least one  

  

ɺʠʙʽʨ ʚ ʩʧʠʩʢʫ Element nodes to fulfill expression  ʟʥʘʯʝʥʥʷ  At least one  

ʜʦʜʘʻ ʚ ʚʠʙʽʨʢʫ ʚʩʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ, ʜʣʷ ʷʢʠʭ ʭʦʯʘ ʙ ʚ ʦʜʥʦʤʫ ʚʫʟʣʽ 

ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʢʨʠʪʝʨʽʡ, ʟʘʜʘʥʠʡ ʚ ʣʦʛʽʯʥʦʤʫ ʚʠʨʘʟ.̔ ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʘʙʘʨʚʣʝʥʥʷ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʢʨʠʪʝʨʽʶ. 

  ɿʘʚʝʨʰʽʪʴ ʧʦʙʫʜʦʚʫ ʛʨʘʬʽʢʘ ʢʣʘʮʘʥʥʷʤ ʧʦ ʢʥʦʧʮʽ Plot (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ 

ʣʽʚʦʨʫʯ).  

  ʊʝʧʝʨ ʚ ʇɺ ʚʫʟʣʘ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ Stress (solid) ʚʠʙʝʨʽʪʴ ʜʨʫʛʠʡ ʚʠʜ, ʚ 

ʷʢʦʤʫ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʪʨʠ ʬʨʦʥʪʘʣʴʥʽ ʛʨʘʥʽ.  

Results - Stress (solid): 

   Plot Settings ï View  = View  2 

  LMB > Plot 
ɻʨʘʬʽʢ ʙʫʜʝ ʧʝʨʝʙʫʜʦʚʘʥʠʡ, ʽ ʚʠ ʧʦʙʘʯʠʪʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʨʘʚʦʨʫʯ. 
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ʗʢ ʙʘʯʠʪʝ ʚʠʜ View  2 ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʦ ʦʙʦʭ ʛʨʘʬʽʢʽʚ Surface 1 ʽ Surface 2  

ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ Stress (solid). 

  ʋ ʚʫʟʣʽ Stress (solid) ʧʦʚʝʨʥʽʪʴʩʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʜʫ:  

Results - Stress (solid): 

   Plot Settings ï View  = View  1 

  LMB > Plot 

ɺ ʮʴʦʤʫ ʤʽʩʮʽ ʜʦʨʝʯʥʦ ʧʦʷʩʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʮʽʾ Recover  (ɺʽʜʥʦʚʣʝʥʥʷ) 

ʨʦʟʜʽʣʫ Quality  (ʗʢʽʩʪʴ). ʋ ʚʫʟʣʽ Surface 2 ʨʦʟʢʨʠʡʪʝ ʨʦʟʜʽʣ Quality  ʽ ʚ 

ʩʧʠʩʢʫ Recover   ʚʠʙʝʨʽʪʴ Within domains  (ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʝʡ). 

 
ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot ʽ ʛʨʘʬʽʢ ʪʨʦʭʠ ʟʤʽʥʠʪʴʩʷ. ʑʦʙ ʧʦʙʘʯʠʪʠ ʮʽ ʟʤʽʥʠ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʟʦʙʨʘʞʝʥʦ ʦʢʦʣʠʮʶ ʣʽʚʦʛʦ ʦʪʚʦʨʫ ʣʽʚʦʛʦ ʛʨʘʬʽʢʘ ʟ 

ʚʠʢʣʶʯʝʥʦʶ (Off )  ʽ ʚʢʣʶʯʝʥʦ  ʁ(Within domains ) ʦʧʮʽʻʶ Recover . 

                       
ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʷʢʦʾ-ʥʝʙʫʜʴ ʦʜʥʽʻʾ ʦʩʥʦʚʥʦʾ ʚʝʣʠʯʠʥʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʥʷ (u,v, w). ɯʥʰʽ ʚʝʣʠʯʠʥʠ, ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʟʘʟʚʠʯʘʡ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʦʩʥʦʚʥʦ ʾʚʝʣʠʯʠʥʠ. 

ʇʨʠ ʮʴʦʤʫ ʚ COMSOL Multiphysics ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ 

ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ. ʎʝʡ 

ʘʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʶʻ ʧʦʭʽʜʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ʦʩʥʦʚʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘ 

ʜʝʷʢʽʡ ʤʥʦʞʠʥʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʜʥʘʢ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ ʜʣʷ 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʽ ʚʽʜʙʫʜʦʚʫʶʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʨʦʟʚôʷʟʢʫ ʚ 

ʦʜʥʦʤʫ ʩʢʽʥʯʝʥʥʦʤʫ ʝʣʝʤʝʥʪʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʥʘ ʛʨʘʬʽʢʘʭ 

ʚʝʣʠʯʠʥʠ, ʦʙʯʠʩʣʶʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʧʦʭʽʜʥʠʭ, ʤʘʶʪʴ ʤʝʥʰʫ 

ʪʦʯʥʽʩʪʴ, ʥʽʞ ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʨʦʟʚôʷʟʢʫ. ʅʘʧʨʠʢʣʘʜ, ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʜʦʨʽʚʥʶʶʪʴ 
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ʥʫʣʶ, ʢʦʣʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʽ ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʚ ʚʫʟʣʘʭ 

ʜʝʢʽʣʴʢʦʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʦʭʽʜʥʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʪʦʯʥʽʰʝ (ʧʦʭʽʜʥʽ 

ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʝʣʝʤʝʥʪʽʚ, ʘ ʥʝ ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʦʢʨʝʤʦ). 

ʆʩʢʽʣʴʢʠ ʮʷ ʪʝʭʥʽʢʘ ʚʠʤʘʛʘʻ ʙʽʣʴʰʝ ʯʘʩʫ ʜʣʷ ʦʙʯʠʩʣʝʥʴ, ʪʦ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ ʚʦʥʘ ʚʽʜʢʣʶʯʝʥʘ. ɺ ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʘʭ ʚʦʥʘ ʚʢʣʶʯʘʻʪʴʩʷ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʧʮʽʾ Recover  = Within domains . ʎʝ ʚʽʜʥʦʚʣʶʻ ʧʦʭʽʜʥʽ ʚ 

ʦʙʣʘʩʪʷʭ, ʥʝ ʚʠʢʦʥʫʶʯʠ ʟʛʣʘʜʞʫʚʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʯʝʨʝʟ ʛʨʘʥʠʮʽ. 

  ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʥʘʣʘʰʪʫʚʘʥʥʷ Recover  = Within domains   

ʦʙʯʠʩʣʶʻ ʥʘʧʨʫʞʝʥʥ̫ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʴʦʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʥʝ ʦʜʥʦʛʦ. 

ʆʩʪʘʥʥʷ ʧʘʨʘ ʛʨʘʬʽʢʽʚ ʧʦʢʘʟʫʻ, ʷʢ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʚʢʣʶʯʝʥʥ ̔

ʦʧʮʽʾ ʚʽʜʥʦʚʣʶʚʘʥʥʷ ʧʦʭʽʜʥʠʭ. 

  ɺʽʜʦʙʨʘʟʠʪʠ ʟʦʥʠ ʜʦʜʘʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʥʘ ʽʥʘʢʰʝ. ɼʣʷ ʮʴʦʛʦ 

ʜʦʩʪʘʪʥʴʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʚʠʨʘʟʫ solid.sz>0 . ʎʝ ʣʦʛʽʯʥʠʡ ʚʠʨʘʟ, ʷʢʠʡ 

ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʟʥʘʯʝʥʥʷ 1 (ʽʩʪʠʥʘ) ʘʙʦ 0 (ʙʨʝʭʥʷ). ɺ ʦʙʣʘʩʪʷʭ, ʜʝ ʡʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʦʨʽʚʥʶʻ 1, ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫʚʘʣʴʥʽ. 

  ɼʦʜʘʤʦ ʥʦʚʫ 3D ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ, ʩʢʦʧʽʶʻʤʦ ʟ ʛʨʫʧʠ Stress (solid) ʚ ʙʫʬʝʨ 

ʦʙʤʽʥʫ ʚʫʟʦʣ Surface 1, ʽ ʚʩʪʘʚʠʤʦ ʡʦʛʦ ʟ ʙʫʬʝʨʘ ʚ ʩʪʚʦʨʝʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ. ɺ 

ʥʽʡ ʜʣ ̫ ʚʫʟʣʘ Surface 1 ʚ̔ ʜʢʣʶʯʠʤʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʽ ʚ ʧʦʣʽ Expression  

ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ solid.sz>0 . ʎ̔ ʜʽʾ ʨʝʘʣʽʟʫʻʤʦ ʥʘʩʪʫʧʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ 

ʽʥʩʪʨʫʢʮʽʡ: 

  Results  - > 3D Plot Group 

Stress (solid) - Surface 1: RMB > Copy 

3D Plot Group 4: RMB > Paste Surface 

3D Plot Group 4 - Surface 1: 

   Expression ï Expression  = solid.sz>0  

   Plot Settings ï View  = View  1 

   Quality ï Recover  = Within domains  

3D Plot Group 4 - Surface 1 - Deformation: RMB > Disable 

3D Plot Group 4: LMB > Plot 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʜʚʦʢʦʣʴʦʨʦʚʠʡ ʛʨʘʬʽʢ. 

 
ʊʫʪ ʤʠ ʱʝ ʚʢʣʶʯʠʣʠ ʦʧʮʽʶ ʚʽʜʥʦʚʣʶʚʘʥʥʷ ʧʦʭʽʜʥʠʭ Recover  = Within 

domains . 

  ɺʠʜʽʣʠʪʠ ʟʦʥʫ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥ ɹ ʤʦʞʥʘ ʧʨʦʩʪʽʰʝ, ʟʘʜʘʚʰʠ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ, ̫ʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʬʘʨʙʫʚʘʥʥʽ ʢʫʙʘ. 

ɿʘʟʚʠʯʘʡ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʽʚ ʚ ʇɺ ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʽʚ ʦʙʯʠʩʣʶʶʪʴʩʷ ʽ 
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ʚ̔ ʜʦʙʨʘʞʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʨʦʟʜʽʣʽ  Range. ɸʣʝ, ʷʢʱʦ ʚʩʪʘʥʦʚʠʪʠ ʧʨʘʧʦʨʝʮʴ 

Manual  data  range, ʪʦ ʾʭ ʤʦʞʥʦ ʟʘʜʘʪʠ ʚʨʫʯʥʫ.  

 

 
ʈʫʯʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʝ ʟʤʽʥʶʶʪʴ ʢʦʣʽʨ ʚ ʦʙʨʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʣʠʰʝ ʪʽ ʜʘʥʽ, ʷʢʽ ʣʝʞʘʪʴ ʤʽʞ ʟʘʜʘʥʠʤ ʤʽʥʽʤʫʤʦʤ ʽ ʤʘʢʩʠʤʫʤʦʤ. ɿʙʽʣʴʰʫʶʯʠ 

ʤʽʥʽʤʫʤ ʘʙʦ ʟʤʝʥʰʫʶʯʠ ʤʘʢʩʠʤʫʤ, ʚʠ ʙʫʜʝʪʝ ʚʠʜʘʣʷʪʠ ʪʦʯʢʠ ʜʘʥʠʭ ʟ ʛʨʘʬʽʢʘ. 

  ʇʦʚʝʨʥʽʪʴʩʷ ʜʦ ʚʫʟʣʘ Results - Stress (solid). ɼʝʘʢʪʠʚʫʡʪʝ ʚ ʥʴʦʤʫ ʚʫʟʦʣ 

Surface 2, ʘ ʫ ʚʫʟʣʽ Surface 1 ʜʝʘʢʪʠʚʫʡʪʝ ʧʽʜʚʫʟʦʣ ʜʝʬʦʨʤʘʮʽʡ (ʚʠ ʤʦʞʝʪʝ 

ʩʪʚʦʨʠʪʠ ʢʦʧʽʶ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ  Stress (solid), ʚ ʷʢʽʡ ʚʠʜʘʣʠʪʠ ʟʘʡʚʽ ʚʫʟʣʠ). 

Stress (solid) - Surface 2:  RMB > Disable 

Stress (solid) - Surface 1 - Deformation: RMB > Disable 
ɺ ʇɺ ʚʫʟʣʘ Surface 1  ʚʩʪʘʥʦʚʽʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ (ʚ ʥʘʰʦʤʫ 

ʧʨʠʢʣʘʜʽ ʥʘʧʨʫʞʝʥʥʷ), ʷʢʝ ʩʣʽʜ ʚʽʜʦʙʨʘʞʘʪʠ ʥʘ ʛʨʘʬʽʢʫ, ʥʘʧʨʠʢʣʘʜ, - 60000 .   

Stress (solid) - Surface 1: 

   Range -  Manual data range  = True  

       -  Manual data range  ï Maximum  = - 60000  
  LMB >Plot    (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

ʗʢʱʦ ʤʘʢʩʠʤʫʤʦʤ ʦʙʨʘʪʠ ʥʫʣʴ, ʪʦ ʥʘ ʧʦʚʝʨʭʥʽ ʢʫʙʘ ʥʝ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠʩʷ 

ʟʦʥʠ ʟ ʨʦʟʪʷʛʫʚʘʣʴʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ. 

Stress (solid) - Surface 1: 

   Range -  Manual data range  ï Maximum  = 0 
  LMB >Plot    (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʨʫʯ) 

 
çɼʽʨʢʠè ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʦʥʘʤ, ʚ ʷʢʠʭ ʚʠʨʘʟ ʟ ʧʦʣʷ Expression  

ʧʝʨʝʚʠʱʫʻ ʟʘʜʘʥʠʡ ʤʘʢʩʠʤʫʤ. 

  ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʦʜʥʝ ʩʣʫʞʙʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʫʟʣʽʚ Deformation . 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠ ʙʘʞʘʻʤʦ ʧʦʨʽʚʥʷʪʠ ʥʘʧʨʫʞʝʥʥʷ zs  ʚ ʜʚʦʭ ʧʝʨʝʨʽʟʘʭ ʪʽʣʘ 
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95.0-=z   ʪʘ  5.0-=z . ʎʝ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʨʦʙʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʮʠʤʠ ʧʝʨʝʨʽʟʘʤʠ. 

Results ï Data Sets: RMB > Cut Plane 

Data Sets - Cut Plane 1: 

   Data ï Data set = Study 1/Solution 1  

   Plane Data ï Plane = XY- planes  

   Plane Data ï Z-coordinate =- 0. 95 

Results ï Data Sets: RMB > Cut Plane 

Data Sets - Cut Plane 2: 

   Data ï Data set = Study 1/Solution 1  

   Plane Data ï Plane = XY- planes  

   Plane Data ï Z-coordinate =- 0. 5 

  Results - >3D Plot Group 

3D Plot Group 5: 

   Dataï Data set  = None  

  3D Plot Group 5 - > Add Plot  ï Surface 

3D Plot Group 5 ï Surface 1: 

   Dataï Data set = Cut Plane 1  

   Expression ï Expression  = solid.sz  

  3D Plot Group 5 - > Add Plot  ï Surface 

3D Plot Group 5 ï Surface 2: 

   Dataï Data set = Cut Plane 2  

   Expression ï Expression  = solid.sz  

   Inherit Style ï Plot  = Surface 1  

  LMB > Plot 

 
ʇʦʨʽʚʥʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʝʨʝʨʽʟʽʚ ʥʝʟʨʫʯʥʦ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʢʨʘʱʝ, ʷʢʱʦ ʨʦʟʪʘʰʫʚʘʪʠ ʧʝʨʝʨʽʟʠ ʧʦʨʫʯ ʥʘ ʦʜʥʦʤʫ ʛʨʘʬʽʢʫ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ 

ʧʦʙʫʜʫʚʘʪʠ ʾʭ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʧʽʣʴʥʽʡ ʜʚʦʚʠʤʽʨʥʽʡ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ, ʽ ʜʨʫʛʝ 

ʟʦʙʨʘʞʝʥʥʷ ʟʩʫʥʫʪʠ ʚʽʜʥʦʩʥʦ ʧʝʨʰʦʛʦ (ʙʝʟ ʟʩʫʚʫ ʦʜʠʥ ʧʝʨʝʨʽʟ ʟʘʢʨʠʻ ʽʥʰʠʡ). 

ɿʨʦʙʠʤʦ ʮʝ. 
  Results - >2D Plot Group 

2D Plot Group 6: 

   Dataï Data set  = None  

  2D Plot Group 6 - > Add Plot  ï Surface 

2D Plot Group 6 ï Surface 1: 

   Dataï Data set = Cut Plane 1  
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   Expression ï Expression  = solid.sz  

  2D Plot Group 6 - > Add Plot  ï Surface 

2D Plot Group 6 ï Surface 2: 

   Dataï Data set = Cut Plane 2  

   Expression ï Expression  = solid.sz  

   Coloring and Style ï Color legend  = False  

   Inherit Style ï Plot  = Surface 1  

           ï Color  = True  

           ï Color and data range  = True  

           ï Deform scale factor  = False  

           ï Height scale factor  = False  

  RMB > Deformation 

2D Plot Group 6 ï Surface 2 ï Deformation 1: 

   Expression ï x component , y component  = 2.1 ,0    (ʜʚʘ ʧʦʣʷ) 

   Scale ï Scale factor  = True , 1    

  LMB > Plot 

 
ʆʪʞʝ ʜʨʫʛʝ ʟʦʙʨʘʞʝʥʥʷ ʟʩʫʥʫʪʦ ʚ ʛʨʘʬʽʯʥʽʡ ʟʦʥʽ ʥʘ 2.1 ʦʜʥʠʮʽ (ʤʝʪʨʠ) ʚʧʨʘʚʦ. 

  ʅʘ ʪʘʢʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʢʦʨʠʩʥʦ ʧʦʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʧʨʠʟʥʘʯʝʥʽ ʛʨʘʬʽʯʥʽ ʚʫʟʣʠ ʪʠʧʫ 

Max/Min  Surface . ɻʨʘʬʽʢʠ ʪʘʢʦʛʦ ʪʠʧʫ ʟʥʘʭʦʜʷʪʴ ʽ ʙʫʜʫʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʽʣʘ/ʦʙʣʘʩʪʽ ʪʦʯʢʠ ʤʽʥʽʤʫʤʫ ʽ ʤʘʢʩʠʤʫʤʫ ʚʠʨʘʟʫ, ʷʢʠʡ ʚʚʝʜʝʥʦ ʚ ʧʦʣʽ 

Expressio n. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʙʣʠʮʷ, ʚ ʷʢʽʡ ʜʨʫʢʫʶʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʠ ʮʠʭ ʪʦʯʦʢ, ʽ ʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʚ ʥʠʭ. 

  ɺʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 

2D Plot Group 6: RMB > More Plots - Max/Min Surface 

2D Plot Group 6 ï Max/Min Surface 1: 

   Dataï Data set = Cut Plane 1  

   Expression ï Expression  = solid.sz  

2D Plot Group 6: RMB > More Plots - Max/Min Surface 

2D Plot Group 6 ï Max/Min Surface 2: 

   Dataï Data set = Cut Plane 2  

   Expression ï Expression  = solid.sz  

   Inherit Style ï Plot  = Surface 2  

           ï Color = False  

           ï Deform scale factor  = True  
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  RMB > Deformation 

2D Plot Group 6 ï Max/Min Surface 2 ï Deformation 1 : 

   Expression ï x component , y component  = 2.1 ,0     (ʜʚʘ ʧʦʣʷ) 

  LMB > Plot 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʦʪʨʠʤʫ̒ ʤʦ ʛʨʘʬʽʢ ʥʘʧʨʫʞʝʥʴ, ʥʘ ʷʢʦʤʫ ʪʦʯʢʘʤʠ ʧʦʟʥʘʯʝʥʽ 

ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ (ʧʦ ʧʝʨʝʨʽʟʘʤ) ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ zs  (ʥʘʩʪʫʧʥʠʡ 

ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ). ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʤʠ ʧʝʨʝʤʽʩʪʠʣʠ ʚʫʟʣʠ Max/Min Surface  ʚ 

ʤʝʞʘʭ ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʣʽʚʦʨʫʯ. 

 

 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʛʨʘʬʽʢ Max/Min  Surface 2 ʫʩʧʘʜʢʦʚʫʻ ʚʽʜ ʛʨʘʬʽʢʘ  

Surface 2 ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʘ ʥʝ ʚʝʢʪʦʨ ʟʩʫʚʫ, ʷʢʠʡ ʪʨʝʙʘ ʟʘʜʘʪʠ ʷʚʥʦ. 

ɿʚʝʨʥʽʪʴ ʪʘʢʦʞ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ʛʽʣʮʽ Tables ʩʪʚʦʨʶʪʁʴʩʷ ʜʚʽ ʪʘʙʣʠʮʽ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ ʝʢʩʪʨʝʤʫʤʽʚ (ʧʦ ʦʜʥʽʡ ʥʘ ʢʦʞʥʠʡ ʚʫʟʦʣ Max/Min  Surface). 

  ʂʨʽʤ ʛʨʘʬʽʢʽʚ, ʷʢʽ ʧʦʟʥʘʯʘʶʪʴ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ ʧʦ ʧʦʚʝʨʭʥʽ, ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ  ʛʨʘʬʽʢʠ ʤʘʢʩʠʤʫʤʫ ʽ ʤʽʥʽʤʫʤʫ 

ʧʦ ʣʽʥʽʾ ʘʙʦ ʟʘ ʦʙ'ʻʤʦʤ. ɻʨʘʬʽʢ Max/Min  Line  ʟʥʘʭʦʜʠʪʴ ʽ ʙʫʜʫʻ ʪʦʯʢʠ ʤʽʥʽʤʫʤʫ 

ʽ ʤʘʢʩʠʤʫʤʫ ʥʘ ʣʽʥʽʾ. ɻʨʘʬʽʢ ʪʠʧʫ Max/Min Volume  ʟʥʘʭʦʜʠʪʴ ʽ ʤʘʣʶʻ ʪʦʯʢʠ 

ʤʘʢʩʠʤʫʤʫ ʽ ʤʽʥʽʤʫʤʫ ʚ ʦʙôʻʤ̔ ʪʽʣʘ. 

  ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʘʥʥʷ ʣʽʥʽʡʥʠʭ ʛʨʘʬʽʢʽʚ ʚ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʷʭ. ɰʭ 

ʩʝʥʩ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ 

ʩʪʚʦʨʠʤʦ ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ ʚ ʥʦʚʽʡ ʪʨʠʚʠʤʽʨʥʽʡ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ. 
  Results - >3D Plot Group 

3D Plot Group 7: 

   Dataï Data set  = Study 1/Solution 1  

   Plot Settings ï Plot data set edges  = False  

  3D Plot Group 6 - > Add Plot  ï Line 

3D Plot Group 7 ï Line 1: 

   Dataï Data set = From parent  

   Expression ï Expression  = solid.disp  

   Coloring and Style ï Line type  = Tube 

             ï Tube radius expression = 0.02  

             ï Radius  scale factor = 1 

  RMB > Deformation 

3D Plot Group 7 ï Line 1 ï Deformation 1: 

   Expression ï X component  = u 

         ï Y component  = v 
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         ï Z component  = w 

   Scale ï Scale factor  = True , 25000  

  LMB > Plot 

ʂʣʘʮʥʽʪʴ ʱʝ ʧʦ ʢʥʦʧʮʽ  Show Grid, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʛʦʨʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ, 

ʱʦʙ ʧʨʠʙʨʘʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ. 

 
ʆʪʞʝ Line  ʛʨʘʬʽʢ çʚʠʙʨʘʚè ʟ ʜʞʝʨʝʣʘ ʜʘʥʠʭ Study  1/ Solution  1 ʚʩʽ 

ʦʜʥʦʚʠʤʽʨʥʽ ʛʨʘʬʽʯʥʽ ʝʣʝʤʝʥʪʠ ʽ ʨʦʟʬʘʨʙʫʚʘʚ ʾʭ ʟʛʽʜʥʦ ʚʠʨʘʟʫ, ʟʘʟʥʘʯʝʥʦʤʫ ʚ 

ʧʦʣʽ Expression . ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʨʘʟ solid . disp  ʧʨʝʜʩʪʘʚʣʷʻ ʤʦʜʫʣʴ 

ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʥʷ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʣʽʥ̔ʡʥʠʡ ʛʨʘʬʽʢ ʤʦʞʥʘ 

ʜʝʬʦʨʤʫʚʘʪʠ, ʜʦʜʘʚʰʠ ʜʦ ʥʴʦʛʦ ʜʦʯʽʨʥʽʡ ʚʫʟʦʣ Deformation. 

  ʊʘʢʠʤ ʯʠʥʦʤ, Line  ʛʨʘʬʽʢ ʟʥʘʭʦʜʠʪʴ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʘʙʦ ʪʨʠʚʠʤʽʨʥʦʤʫ 

ʜʞʝʨʝʣ ̔ʜʘʥʠʭ ʚʩʽ ʦʜʥʦʚʠʤʽʨʥʽ ʝʣʝʤʝʥʪʠ, ʥʘʷʚʥʽ ʚ ʛʝʦʤʝʪʨʽʾ, ʽ ʨʦʟʬʘʨʙʦʚʫʻ ʾʭ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ, ʟʘʜʘʥʦʤʫ ʚ ʧʦʣʽ Expression .    

ɿʘʫʚʘʞʝʥʥʷ . ɺ ʪʨʠʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ Surface  ʛʨʘʬʽʢ ʜʽʻ ʘʥʘʣʦʛʯ̔ʥʦ ʜʦ Line  

ʛʨʘʬʽʢʽʚ: ʨʦʟʬʘʨʙʦʚʫʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʨʘʟʫ ʚʩʽ ʜʚʦʚʠʤʽʨʥʽ 

ʝʣʝʤʝʥʪʠ ʟ ʛʝʦʤʝʪʨʽʾ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

  ɼʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡʥʦʛʦ ʛʨʘʬʽʢʘ ʥʝ ʥʘ ʚʩʽʭ ʨʝʙʨʘʭ ʪʽʣʘ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʪʠʧʫ Edge 3D  ʽ ʚʢʘʟʘʪʠ ʜʣʷ ʥʴʦʛʦ ʙʘʞʘʥʽ ʨʝʙʨʘ.     

Results ï Data Sets : RMB > Edge 3D 

Data Sets - Edge 3D  1: 

   Data ï Data set = Study 1/Solution 1  

   Selection  ï Selection  =1,14,77,84      (ʚʝʨʪʠʢʘʣʴʥʽ ʨʝʙʨʘ ʢʫʙʘ) 

ɿʘʫʚʘʞʝʥʥʷ. ʗʢʱʦ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʥʘʙʦʨʫ ʜʘʥʠʭ Edge 3D 1 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʜ View 2, ʪʦʙʪʦ ʬʨʦʥʪʘʣʴʥʽ ʛʨʘʥʽ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ, ʪʦ 

ʧʝʨʝʢʣʶʯʽʪʴʩʷ ʥʘ ʚʠʜ View 1 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʢʠ    Go to Default 3D View 

(ʚʦʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʛʦʨʽ ɻɺ), ʦʙʨʘʚʰʠ ʙʘʞʘʥʠʡ ʚʠʜ ʟ ʚʠʧʘʜʥʦʛʦ ʩʧʠʩʢʫ. 

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ. 

  Results - >3D Plot Group 

3D Plot Group 8: 

   Dataï Data set  = Edge 3D  1 

  3D Plot Group 8 - > Add Plot  ï Line 

3D Plot Group 8 ï Line 1: 

   Dataï Data set = From parent  
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   Expression ï Expression  = solid.disp  

   Coloring and Style ï Line type  = Tube 

             ï Tube radius expression = 0.02  

             ï Radius scale factor = 1 

  RMB > Deformation 

3D Plot Group 8ï Line 1 ï Deformation 1: 

   Expression ï X component  = u 

         ï Y component  = v 

         ï Z component  = w 

   Scale ï Scale factor  = True , 50000  

  LMB > Plot  

 
ɼʣʷ ʣʽʥʽʡʥʦʛʦ ʛʨʘʬʽʢʘ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʦʢʨʝʤʝ ʣʽʥʽʡʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʢʮʽʾ. 

Results ï Data Sets : RMB > Cut Line 3D 

Data Sets - Cut Line 3D  1: 

   Data ï Data set = Study 1/Solution  1 

ɼʘʣʽ ʟʘʧʦʚʥʽʪʴ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Cut Line 3D 1 ʟʛʽʜʥʦ ʟ ʥʘʩʪʫʧʥʠʤ 

ʨʠʩʫʥʢʦʤ. 

 

 

ʊʫʪ ʧʦʢʘʟʘʥʦ, ʱʦ ʣʽʥʽʡʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʟʦʚʦʛʦ ʚʽʜʨʽʟʢʘ, 

ʦʙʤʝʞʝʥʦʛʦ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʽʟ ʟʘʜʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʂʨʽʤ ʥɹ ʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʱʝ 5 ʧʘʨʘʣʝʣʴʥʠʭ ʚʽʜʨʽʟʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʟʘʜʘʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʙʘʟʦʚʦʛʦ 

ʚʽʜʨʽʟʢʘ ʚ ʥʘʧʨʷʤʢʫ ʟʘʟʥʘʯʝʥʦʛʦ ʚʝʢʪʦʨʘ. ʂʣʘʮʥʫʚʰʠ ʧʦ ʢʥʦʧʮʽ Plot, ʚʠ 

ʧʦʙʫʜʫʻʪʝ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʨʽʟʢʽʚ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘʙʽʨ ʜʘʥʠʭ (ʧʦʧʝʨʝʜʥʽʡ 

ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ). 

  ʊʝʧʝʨ ʚ ʢʦʣʴʦʨʘʭ ʟʦʙʨʘʟʠʤʦ ʥʘ ʟʘʜʘʥʠʭ ʚʽʜʨʽʟʢʘʭ ʚʝʣʠʯʠʥʫ ʧʝʨʝʤʽʱʝʥʥʷ  ̔

ʜʦʜʘʤʦ ʜʦ ʣʽʥʽʡʥʦʛʦ ʛʨʘʬʽʢʘ ʜʝʬʦʨʤʘʮʽʶ.  
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  3D Plot Group 8 - > Add Plot  ï Line 

3D Plot Group 8 ï Line 2: 

   Dataï Data set = Cut Line 3D  1 

   Expression ï Expression  = solid.disp  

   Coloring and Style ï Line type  = Tube 

   Coloring and Style ï Tube radius expression = 0.02  

   Coloring and Style ï Radius scale factor = 1 

   Inherit Style ï Plot  = Line  1 

  RMB > Deformation     
  LMB > Plot    

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ Line 2 ʫʩʧʘʜʢʦʚʫʻ ʚʩʽ ʩʪʠʣʽ 

ʦʬʦʨʤʣʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʛʨʘʬʽʢʘ Line 1, ʚʢʣʶʯʥʦ ʟ ʟʘʙʘʨʚʣʝʥʥʷʤ ʽ  ʤʘʩʰʪʘʙʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ. 

  ʗʢʱʦ ʦʜʥʦʚʠʤʽʨʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʚʽʜʨʽʟʢʘ, ʪʦ ʥʘ 

ʥʦɹʤʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ  ʟʚʠʯʘʡʥʠʡ ʦʜʥʦʚʠʤʽʨʥʠʡ ʛʨʘʬʽʢ, ʷʢʠʡ ʤʦʞʥʘ 

ʨʦʟʬʘʨʙʫʚʘʪʠ ʩʭʦʞʠʤ ʟ ʣʽʥʽʡʥʠʤʠ ʛʨʘʬʽʢʘʤʠ ʯʠʥʦʤ.  

Results ï Data Sets : RMB > Edge 3D 

Data Sets - Edge 3D  2: 

   Data ï Data set = Study 1/Solution 1  

   Selection  ï Selection  =4      (ʚʝʨʭʥʻ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʨʝʙʨʦ ʢʫʙʘ) 

  Results - >1D Plot Group 

1D Plot Group 9: 

   Dataï Data set  = Edge 3D 2  

  1D Plot Group 9 - > Add Plot  ï Line Graph 

1D Plot Group 9 - Line Graph 1: 

   Dataï Data set  = From parent  

   y- Axis Data  ï Expression   = solid.disp  

   Coloring and Style ï Line , Width  = Solid , 5    (ʜʚʘ ʧʦʣʷ) 

  RMB > Color Expression 
1D Plot Group 9 - Line Graph 1 - Color Expression 1: 

   Expression ï Expression  = solid.sz  

  LMB > Plot   
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ʆʪʞʝ ʢʨʠʚʘ ʟʦʙʨʘʞʘʻ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʨʝʙʨʘ, ʘ ʢʦʣʽʨ ï 

ʥʘʧʨʫʞʝʥʥʷ zs  ʚ ʮʠʭ ʪʦʯʢʘʭ. ʑʦʙ ʟʘʜʘʪʠ ʢʦʣʽʨ ʣʽʥʽʾ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʥʘʧʨʫʞʝʥʥʶ zs, ʜʦ ʚʫʟʣʘ Line Graph 1 ʤʠ ʜʦʜʘʣʠ ʜʦʯʽʨʥʽʡ ʚʫʟʦʣ Color 

Expression 1. 

  ʇʦʢʘʞʝʤʦ, ʷʢ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʥʘʚʝʜʝʥʦ ʥʘ ʧʦʯʘʪʢʫ 

ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ. ɺʦʥʦ ʽʣʶʩʪʨʫʻ ʜʽʶ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʠʣʠ 

ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ ʪʽʣʘ. ɿʦʙʨʘʞʝʥʥʷ ʩʘʤʦʛʦ ʪʽʣʘ ʙʫʜʫʻʪʴʩʷ ʚ ʪʨʠʚʠʤʽʨʥʽʡ 

ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Surface  ʛʨʘʬʽʢʘ ʟ ʦʜʠʥʠʯʥʠʤ ʚʠʨʘʟʦʤ, ʱʦʙ 

ʢʦʣʽʨ ʚʩʽʭ ʪʦʯʦʢ ʪʽʣʘ ʙʫʚ ʦʜʥʘʢʦʚʠʡ. ɺʝʢʪʦʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʙʫʜʫʶʪʴʩʷ ʷʢ 

ʩʪʨʽʣʢʦʚʠʡ ʛʨʘʬʽʢ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ (0,0, - 1). Arrow Surface  ʛʨʘʬʽʢ 

(ʧʦʚʝʨʭʥʝʚʘ ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ) ʧʨʠʚ'ʷʟʫʻ ʚʝʢʪʦʨʥʽ ʧʦʣʷ ʜʦ ʧʦʚʝʨʭʦʥʴ (ʪʦʙʪʦ 

ʧʦʯʘʪʦʢ ʘʙʦ ʢʽʥʝʮʴ ʩʪʨʽʣʦʢ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʽ). ʑʦʙ ʚʝʢʪʦʨʠ ʙʫʣʠ 

ʥʘʤʘʣʴʦʚʘʥʽ ʣʠʰʝ ʥʘ ʚʝʨʭʥʽʡ ʛʨʘʥʽ, ʜʣʷ ʥʝʾ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʦʢʨʝʤʝ ʜʞʝʨʝʣʦ 

ʜʘʥʠʭ Surface  ʪʠʧʫ. 

Results ï Data Sets : RMB > Surface 

Data Sets - Surface  1: 

   Data ï Data set = Study 1/Solution 1  

   Parameterization  ï x-and-y-axes = XY- plane    

   Selection  ï Selection  = 4     (ʚʝʨʭʥʷ ʛʨʘʥʴ ʢʫʙʘ) 

  Results - >3D Plot Group 

  3D Plot Group 10 - > Add Plot  ï Surface 

3D Plot Group 10 ï Surface 1: 

   Dataï Data set = Study 1/Solution 1  

   Expression ï Expression  = 1 

   Coloring and Style ï Color table  = GrayScale  

             ï Color legend  = False  

  3D Plot Group 10 - > Add Plot  ï Arrow Surface 

3D Plot Group 10 ï Arrow Surface 1: 

   Dataï Data set = Surface 1  

   Expression ï x component  = 0 

         ï y component  = 0 

         ï z component  = - 1 

   Coloring and Style ï Arrow base  = Head 

             ï Scale factor  = True , 0.6  

             ï Placement  = Uniform  

             ï Number of arrows  = 30 

             ï Color  = Black  

  LMB > Plot 
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ɿʥʘʯʝʥʥʷ Arrow  base = Head  ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʢʽʥʮʽ ʩʪʨʽʣʦʢ. 

  ɿʚʠʯʘʡʥʦ, ʱʦ ʚ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ ʟʘʤʽʩʪʴ ʜʽʘʛʨʘʤʠ ʩʪʘʣʦʛʦ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ (0,0, - 1) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʽʟʠʯʥʽ ʚʝʢʪʦʨʥʽ ʧʦʣʷ.  

  ʆʢʨʽʤ ʧʦʚʝʨʭʥʝʚʠʭ ʚʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʣʽʥʽʡʥʽ ʪʘ ʦʙôʻʤʥʽ 

ʚʝʢʪʦʨʥʽ ʜʽʘʛʨʘʤʠ.  

ɺʧʨʘʚʘ 1. ʇʦʙʫʜʫʡʪʝ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʜʽʘʛʨʘʤʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʽʱʝʥʥʷ 

(u, v, w). 

  ɯʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʢʦʧʽʶ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ 

Study  1/ Solution  1, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʘʪʠ ʥʝ ʚʩʽ ʝʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ. ʇʨʠ 

ʩʪʚʦʨʝʥʥʽ ʚʫʟʣʘ-ʢʦʧ̔ʾ  ʚ ʡʦʛʦ ʧʽʜʚʫʟʣʽ Selection ʤʦʞʥʘ ʦʙʨʘʪʠ ʨʽʚʝʥʴ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʫʪʥʦʩʪʽ (level), ʽ ʧʦʪʽʤ ʚʢʘʟʘʪʠ ʧʦʪʨʽʙʥʽ ʝʣʝʤʝʥʪʠ ʛʝʦʤʝʪʨʽʾ. ʎʝ 

ʩʭʦʞʝ ʥʘ ʧʨʠʭʦʚʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʫʟʣʘʭ View . ʅʘʧʨʠʢʣʘʜ, 

ʟʦʙʨʘʟʠʤʦ ʪʽʣʴʢʠ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʥʘʰʦʛʦ ʪʽʣʘ ʽ ʥʘ ʥʽʡ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ 

ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ. 

Data Sets - Study 1/Solution 1 : RMB > Duplicate 

Data Sets - Study 1/Solution 1 (2) : RMB > Selection 

Data Sets - Study 1/Solution 1 (2) - Selection: 

   Geometric Entity Selection ï Geometric entity level  = Boundary  

   Geometric Entity Selection ï Selection  =  

                  1,2,3,4,9,30  (ʟʦʚʥʽʰʥʽ ʧʦʚʝʨʭʥʽ ʪʽʣʘ) 

ʇ̔ ʩʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʧʽʾ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʣʷ ʥʝʾ (ʢʦʧʽʾ) ʤʠ ʜʦʜʘʣʠ ʧʽʜʚʫʟʦʣ  

Selection, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʙʨʘʪʠ ʜʣʷ ʮʽʻʾ ʢʦʧʽʾ ʨʽʚʝʥʴ ʛʝʦʤʝʪʨʽʾ, ʷʢʠʡ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʦʙʨʘʣʠ ʟʦʚʥʽʰʥʽ ʛʨʘʥʠʮʽ ʪʽʣʘ.  

  ɿʚʝʨʥʽʪʴ ʪʘʢʦʞ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʧʽʾ ɼɼ ʘʚʪʦʤʘʪʠʯʥʦ 

ʧʝʨʝʡʤʝʥʦʚʫʻʪʴʩʷ ʚʫʟʦʣ  Study  1/ Solution  1, ʷʢʠʡ ʪʝʧʝʨ ʚʩʶʜʠ ʚ ʤʦʜʝʣʽ 

ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ Study  1/ Solution  1(1) .  

  ʅʦʚʠʡ ʥʘʙʽʨ ʜʘʥʠʭ  Study 1/Solution 1(2)  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ. 
  Results - >3D Plot Group 

3D Plot Group 11: 

   Dataï Data set  = Study 1/Solution 1 (2)  

  3D Plot Group 11 - > Add Plot  ï Surface 

3D Plot Group 11 ï Surface 1: 

   Dataï Data set  = From parent  

   Expression ï Expression  = 1 
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   Coloring and Style ï Color table  = GrayScale  

   Coloring and Style ï Color legend  = False  

  3D Plot Group 11 - > Add Plot  ï Contour 

3D Plot Group 11 ï Contour 1: 

   Dataï Data set  = From parent  

   Expression ï Expression  = solid.disp  

   Coloring and Style ï Level labels  = True  

  LMB > Plot 

 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʦʥʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ ʧʨʘʧʦʨʮʷ Level  labels =True  ʚʩʪʘʥʦʚʣʶʻ 

ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʥʘ ʢʦʥʪʫʨʥʠʭ ʣʽʥʽʷʭ.  

  ɺ ʢʦʧʽʾ ɼɼ ʤʦʞʥʘ ʦʙʨʘʪʠ Geometric  entity  level  = Edge. ʊʦʜʽ ʨʦʟʚôʷʟʦʢ 

ʙʫʜʝ ʜʫʙʣʶʚʘʪʠʩʷ ʥʘ ʢʨʦʤʢʘʭ/ʨʝʙʨʘʭ ʪʽʣʘ. ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ ʟʘʜʘʪʠ  

   Geometric  Entity  Selection  ï Selection  = All  Edges  

ʪʦ ʥʦʚʝ ɼɼ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʣʽʥʽʡʥʦʤʫ ʛʨʘʬʽʢʫ ʜʣʷ ʢʨʝʩʣʝʥʥʷ  ʨʝʙʝʨ 

ʛʝʦʤʝʪʨʽʾ (Expression =1, Color =Black ). ɺʠʢʦʨʠʩʪʘʥʥ ̫ ʚʫʟʣʘ Deformation  

ʜʦʜʘʩʪʴ ʜʦ ʢʦʥʪʫʨʫ ʛʝʦʤʝʪʨʽʾ  ʜʝʬʦʨʤʘʮʽʶ. 

  ʇʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʢ̔ʽʚ ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʾʭ ʚ ʦʢʨʝʤʦʤʫ 

ʚʽʢʥʽ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʛʨʘʬʽʯʥʠʭ ʛʨʫʧ ʻ ʨʦʟʜʽʣ Window Settings , ʚ ʷʢʦʤʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʪʨʽʙʥʠʡ ʚʠʙʽʨ.  

 
ɿʚʠʯʘʡʥʦ, ʱʦ ʚʽʢʥʘ ʛʨʘʬʽʢʽʚ ʤʦʞʥʘ ʧʝʨʝʪʷʛʘʪʠ, ʨʦʟʪʘʰʦʚʫʶʯʠ ʢʽʣʴʢʘ ʚʽʢʦʥ 

ʧʦʨʫʯ. 

  ɿʙʝʨʝʞʽʪʴ ʬʘʡʣ, ʥʘʧʨʠʢʣʘʜ, ʟ ʽʤôʷʤ cube_with_holes.mph . ʄʠ 

ʧʨʦʜʦʚʞʠʤʦ ʨʦʙʦʪʫ ʟ ʥʠʤ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʘʨʘʛʨʘʬʽ. 

 

1.5.4. ʇʘʨʘʤʝʪʨʠ, ʟʤʽʥʥʽ, ʟʦʥʜʠ (probes). 

ʇʘʨʘʤʝʪʨʠ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʨʘʟʘʭ Comsol Multiphysics ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

(Parameters) ï ʽʤʝʥʦʚʘʥʽ ʯʠʩʣʦʚʽ ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-

ʷʢʠʭ ʤʽʩʮʷʭ ʤʦʜʝʣʽ ʟʘʤʽʩʪʴ ʯʠʩʝʣ. ɯʤʝʥʘ ʪʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʘʶʪʴʩʷ ʚ 

ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨʽʚ ʚ ʇɺ ʚʫʟʣʘ Parameters  ʛʣʦʙʘʣʴʥʦʾ ʛʽʣʢʠ ʚʠʟʥʘʯʝʥʴ Global 

Definitions. ʉʘʤ ʚʫʟʦʣ ʧʘʨʘʤʝʪʨʽʚ  ʩʪʚʦʨʶʪ̒ʴʩʷ ʢʦʤʘʥʜʦʶ  
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ɺ ʪʘʙʣʠʮʽ ʧʘʨʘʤʝʪʨʽʚ ʚ ʢʦʣʦʥʮʽ Name  ʚʚʦʜʷʪʴ ʽʤʝʥʘ, ʘ ʚ ʢʦʣʦʥʮʽ Expression  ï 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ʇʦʣʷ ʚ ʩʪʦʚʧʮʽ Value  ʟʘʧʦʚʥʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ɺ 

ʢʦʣʦʥʮʽ Description  ʚʚʦʜʷʪʴʩʷ ʥʝʦʙʦʚôʷʟʢʦʚʽ ʢʦʤʝʥʪʘʨʽ. ɺʦʥʠ ʽʥʦʜʽ 

ʟôʷʚʣʷʶʪʴʩʷ ʚ ʧʦʟʥʘʯʢʘʭ ʥʘ ʛʨʘʬʽʢʘʭ, ʚ ʷʢʠʭ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʠʨʠʣʠʮʽ.  

ɿʤʽʥʥʽ. ʂʨʽʤ ʧʘʨʘʤʝʪʨʽʚ ʚ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʤʽʥʥ ̔ (Variables). 

ɿʤʽʥʥʽ ï ʮʝ ʥʘʟʚʠ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ (ʥʘʧʨʠʢʣʘʜ, x, y, z), ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

ʯʘʩʫ t, ʽʤʝʥʘ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ, ʥʘʧʨʠʢʣʘʜ, T - ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʧʨʠʢʣʘʜʥʠʭ 

ʨʝʞʠʤʘʭ ̔ʩʥʫʻ ʙʘʛʘʪʦ ʩʧʝʮʽʘʣʴʥʠʭ ʟʤʽʥʥʠʭ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ 

ʚʣʘʩʥʽ ʟʤʽʥʥʽ ʟ ʽʥʰʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʧʫʩʪʠʤ ̔ʦʧʝʨʘʮʽ.ʾ ɿʤʽʥʥʽ ʨʦʙʣʷʪʴ 

ʤʦʜʝʣʴ ʧʨʦʩʪʽʰʦʶ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʢʦʨʦʪʢʠʭ ʪʘ ʥʘʦʯʥʠʭ ʽʤʝʥ 

ʜʣʷ ʩʢʣʘʜʥʠʭ ʚʠʨʘʟʽʚ. 

ɿʘʫʚʘʞʝʥʥʷ. ʅʝ ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʣʽʪʝʨʠ ʢʠʨʠʣʠʮʽ ʚ ʽʤʝʥʘʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʤʽʥʥʠʭ. 

  ʇʘʨʘʤʝʪʨ ʷʚʣʷʻ çʩʪʘʪʠʯʥʫ ʟʤʽʥʥʫè, ʦɦ ʽʥʽʮʽʘʣʽʟʫʻʪʴʩʷ ʦʜʠʥ ʨʘʟ ʥʘ ʧʦʯʘʪʢʫ 

ʜʦʩʣʽʜʞʝʥʥʷ (study) ʽ ʥʝ ʟʤʽʥʶ̒ ʩʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙʯʠʩʣʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ  ʟʤʽʥʥʘ (variable) ʟʜʘʪʥʘ ʮʝ ʨʦʙʠʪʠ.  

  ɿʤʽʥʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘʜʘʶʪʴʩʷ ʚ ʪʘʙʣʠʮʷʭ ʚʫʟʣʽʚ Variables.  ʎʽ ʚʫʟʣʠ 

ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʛʣʦʙʘʣʴʥʽʡ ʛʽʣʮʽ ʚʠʟʥʘʯʝʥʴ Global Definitions, ʘʙʦ ʣʦʢʘʣʴʥʦ ʚ 

ʤʝʞʘʭ ʢʦʤʧʦʥʝʥʪʘ. ʅʘʧʨʠʢʣʘʜ, ʚʫʟʦʣ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

ʢʦʤʘʥʜʦʶ  
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ɺʠʨʘʟʠ ʜʣʷ ʦʙʯʠʩʣʶʚʘʥʥʷ ʟʤʽʥʥʠʭ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʯʠʩʣʘ, ʧʘʨʘʤʝʪʨʠ, 

ʤʘʪʝʤʘʪʠʯʥʽ ʘʙʦ ʬʽʟʠʯʥʽ ʢʦʥʩʪʘʥʪʠ, ʽʥʰʽ ʟʤʽʥʥʽ, ʬʫʥʢʮʽʾ ʚʽʜ ʟʤʽʥʥʠʭ, ʟʥʘʢʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʘ ʦʧʝʨʘʪʦʨʠ, ʥʘʧʨʠʢʣʘʜ, ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʘʙʦ ʦʙʯʠʩʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. ɿʤʽʥʥʽ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʰʫʢʘʥʠʭ ʚ ʟʘʜʘʯʽ ʚʝʣʠʯʠʥ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ.  

  ɹʽʣʴʰʽʩʪʴ ʟʤʽʥʥʠʭ, ʪʘʢʠʭ ʷʢ ʢʦʦʨʜʠʥʘʪʠ, ʤʘʪʝʨʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʯʠ ʰʫʢʘʥʽ 

ʚʝʣʠʯʠʥʠ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʽ ʷʚʣʷʶʪʴ çʧʦʣʝʚʽè ʟʤʽʥʥʽ, ʪʦʙʪʦ 

ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʪʘ ʯʘʩʫ. ʅʘʧʨʠʢʣʘʜ, solid.rho  ï 

ʚʙʫʜʦʚʘʥʘ ʟʤʽʥʥʘ ʛʫʩʪʠʥʠ ʚ ʨʝʞʠʤʽ Solid Mechanics , ʧʨʝʜʩʪʘʚʣʷʻ ʾʾ ʷʢ 

ʬʫʥʢʮʽʶ ( )tzyx ,,,r . ɺʠ ʤʦʞʝʪʝ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʮʽʻʾ ʬʫʥʢʮʽʾ, ʘʣʝ ʥʝ ʟʤʦʞʝʪʝ 

ʚʠʢʦʨʠʩʪʘʪʠ ʚ ɿɼʈ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʘ ʻ ʩʪʘʣʦʶ. 
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  ɿʤʽʥʥʽ ʩʪʘʶʪʴ ʜʦʩʪʫʧʥʠʤʠ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ Compute. ʇʨʠ 

ʚʥʝʩʝʥʥʽ ʤʦʜʠʬʽʢʘʮʽʡ ʚ ʪʘʙʣʠʮʶ ʟʤʽʥʥʠʭ, ʚʠ ʧʦʚʠʥʥʽ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ Update 

Solution, ʱʦʙ ʧʨʠʡʥʷʪʠ ʜʦʜʘʥʽ ʟʤʽʥʠ ʜʦ ʫʚʘʛʠ, ʘʙʦ ʟʘʥʦʚʦ ʧʝʨʝʦʙʯʠʩʣʠʪʠ 

ʤʦʜʝʣʴ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʜʦ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ Compute 

ʧʝʨʰʠʡ ʨʘʟ, ʚʠʨʘʟʠ ʚ ʩʪʦʚʧʮʽ Expression  ʤʘʡʞʝ ʟʘʚʞʜʠ ʙʫʜʫʪʴ ʚʠʜʽʣʝʥʽ 

ʧʦʤʘʨʘʥʯʝʚʠʤ ʢʦʣʴʦʨʦʤ ʪʦʤʫ, ʱʦ ʩʠʩʪʝʤʘ ʱʝ ʥʽʯʦʛʦ ʥʝ ʟʥʘʻ ʧʨʦ ʽʤʝʥʘ ʟʤʽʥʥʠʭ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ Compute ʟʤʽʥʥʽ ʩʪʘʶʪʴ ʚʽʜʦʤʠʤʠ, ʽ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʨʘʟ ʽ ʡʦʛʦ ʨʦʟʤʽʨʥʽʩʪʴ.  

  ʇʘʨʘʤʝʪʨʠ ʽ ʟʤʽʥʥʽ ʛʣʦʙʘʣʴʥʦʾ (ʟʦʚʥʽʰʥʴʦʾ) ʛʽʣʢʠ ʚʠʟʥʘʯʝʥʴ Global 

Definitions ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʠʭ ʤʽʩʮʷʭ ʤʦʜʝʣʽ. ɽʣʝʤʝʥʪʠ 

ʣʦʢʘʣʴʥʦʾ ʛʽʣʢʠ Component ï Definitions ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʞʘʭ 

ʢʦʤʧʦʥʝʥʪʘ, ʘʣʝ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʽ ʧʦʟʘ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʦʯʢʦʚʦʾ ʥʦʪʘʮʽʾ. ʆʪʞʝ ʧʘʨʘʤʝʪʨʠ ʟʘʚʞʜʠ ʛʣʦʙʘʣʴʥʽ, ʘ ʟʤʽʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʛʣʦʙʘʣʴʥʠʤʠ ʽ ʣʦʢʘʣʴʥʠʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʜʝ ʚʠ ʾʭ ʚʠʟʥʘʯʠʣʠ.  

  ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʟʤʽʥʥʽ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʛʽʣʢʘʭ 

Geometry (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʟʥʘʯʝʥʥ ̔ʨʦʟʤʽʨʽʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ) ʪʘ Mesh, ʘ 

ʚ ʛʽʣʢʘʭ Study ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʦʙʤʝʞʝʥʦ.  

  ɺ Comsol Multiphysics ʽʩʥʫʻ ʱʝ ʦʜʠʥ ʩʧʝʮʠʬʽʯʥʠʡ ʪʠʧ ʟʤʽʥʥʠʭ, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʟʦʥʜʘʤʠ (Probes). ɺʦʥʠ ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʣʦʢʘʣʴʥʠʭ ʚʫʟʣʘʭ 

Definitions ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʘʣʷʨʠ (ʩʪʘʣʽ, ʬʫʥʢʮʽʾ ʯʘʩʫ ʘʙʦ 

ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʥʝ ʢʦʦʨʜʠʥʘʪ). ɿʘʟʚʠʯʘʡ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʫʩʴ ʩʢʘʣʷʨʥʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ʘʙʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚ ʪʦʯʮʽ. ʗʢʱʦ ʟʘʜʘʯʘ ʜʠʥʘʤʽʯʥʘ, ʪʦ ʮʽ ʟʤʽʥʥʽ, ʤʦʞʫʪʴ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ. ɰʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʽʚʥʷʥʴ, ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚʘʭ, ʚ ʫʤʦʚʘʭ ʢʦʥʪʨʦʣʶ ʘʙʦ  ʟʫʧʠʥʢʠ ʦʙʯʠʩʣʝʥʴ (ʚ ʛʽʣʮʽ Study). ɿʦʥʜʦʚʽ 

ʟʤʽʥʥʽ (probe variables) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʙʯʠʩʣʝʥʴ 

ʜʣʷ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ. 

  ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʠʭ, ʧʨʦʜʦʚʞʠʚʰʠ ʨʦʙʦʪʫ ʟ ʬʘʡʣʦʤ 

cube_with_holes.mph , ʷʢʠʡ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʘʨʘʛʨʘʬʽ. 

ɺʽʜʢʨʠʡʪʝ ʮʝʡ ʬʘʡʣ.  

  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩʣʠʪʠ ʟʘʛʘʣʴʥʫ ʩʠʣʫ, ʷʢʫ ʯʠʥʠʪʴ ʪʽʣʦ ʥʘ 

ʦʩʥʦʚʫ. ɺʦʥʘ ʜʦʨʽʚʥʶʻ ʚʘʟʽ ʪʽʣʘ ʧʣʶʩ ʟʦʚʥʽʰʥʷ ʩʠʣʘ, ʷʢʘ ʜʽʻ ʥʘ ʪʽʣʦ ʟʚʝʨʭʫ. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʚ COMSOL Multiphysics ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʟ ʥʠʭ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʽʣʮʽ Derived Values 

ʚʫʟʣʘ ʪʠʧʫ Volume Integration . ɸʣʝ ʮʝʡ ʩʧʦʩʽʙ ʜʦʩʪʫʧʥʠʡ ʣʠʰʝ ʥʘ ʝʪʘʧʽ 

ʧʦʩʪʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ (ʚ ʛʽʣʮʽ Results). ʗʢʙʠ ʚʘʤ ʙʫʣʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʪʽʣʘ ʘʙʦ ʟʘʛʘʣʴʥʫ ʩʠʣʫ, ʷʢʫ ʚʦʥʦ ʯʠʥʠʪʴ ʥʘ ʦʩʥʦʚʫ, ʚ ʽʥʰʦʤʫ 

ʢʦʤʧʦʥʝʥʪʽ ʘʙʦ ʚʩʝʨʝʜʠʥʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʧʦʪʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪʦ 

ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʩʧʨʘʮʶʻ. ɿʘʛʘʣʴʥʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʣʦʙʘʣʴʥʠʭ 

ʘʙʦ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ  ̔ʟʦʥʜʽʚ. ɺʦʥʠ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʪʽʣʘ, 

ʛʫʩʪʠʥʫ ʡʦʛʦ ʨʝʯʦʚʠʥʠ ʘʙʦ ʷʢʝʩʴ ʽʥʰʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʽʣʦ ʟʘʛʘʣʦʤ. 

ʗʢʱʦ ʟʦʥʜ, ʣʦʢʘʣʴʥʘ ʘʙʦ ʛʣʦʙʘʣʴʥʘ ʟʤʽʥʥʘ ʩʪʚʦʨʝʥʽ, ʪʦ ʾʭ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʤʦʜʝʣʽ: ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ, ʚ ʚʠʨʘʟʘʭ 

ʧʦʪʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʘʙʦ ʚ ʽʥʰʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʤʦʜʝʣʽ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʟʦʥʜʽʚ ʽ 
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ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʙʘʞʘʥʦ (ʘ ʯʘʩʦʤ ʦʙʦʚôʷʟʢʦʚʦ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʯʢʦʚʫ 

ʥʦʪʘʮʽʶ. 

  ɻʣʦʙʘʣʴʥʽ ʟʤʽʥʥʽ ʢʦʨʠʩʥʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ, ʷʢʽ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʯʦʢ ʦʙʯʠʩʣʶʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʟʥʘʯʘʪʠ ʟʤʽʥʥʽ, 

ʷʢʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʚ ʢʦʤʧʦʥʝʥʪʽ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ɿɼʈ ʘʙʦ ʘʣʛʝʙʨʘʾʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ, ʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ. ʗʢʱʦ ʟʤʽʥʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʽʣʦ, ʪʦ ʡʤʦʚʽʨʥʦ, ʾʾ ʩʣʽʜ ʩʪʚʦʨʶʚʘʪʠ ʷʢ ʣʦʢʘʣʴʥʫ ʜʦ ʢʦʤʧʦʥʝʥʪʘ, ʚ 

ʷʢʦʤʫ ʩʪʚʦʨʝʥʦ ʛʝʦʤʝʪʨʽʶ ʪʽʣʘ. ʗʢʱʦ ʟʤʽʥʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝ ʪʽʣʴʢʠ ʪʽʣʦ,  ʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʪʦ ʾʾ ʣʦʛʽʯʥʦ ʚʠʟʥʘʯʘʪʠ ʷʢ ʛʣʦʙʘʣʴʥʫ ʟʤʽʥʥʫ. 

  ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʤʽʥʥʦʾ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʦʙôʻʤ ʯʠ ʤʘʩʫ ʪʽʣʘ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʘʣʝ ʪʘʢʝ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ ʟ ʙʫʜʴ ʷʢʦʛʦ ʤʽʩʮʷ 

ʤʦʜʝʣʽ. ʆʧʝʨʘʮʽʷ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʷʢʘ ʚʠʢʦʥʫʪ̒ʴʩʷ ʚ ʤʝʞʘʭ ʢʦʤʧʦʥʝʥʪʘ ʽ ʤʦʞʝ 

ʚʠʟʠʚʘʪʠʩʷ ʚ ʙʫʜʴ ʷʢʦʤʫ ʤʽʩʮʽ ʤʦʜʝʣʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ ʦʧʝʨʘʪʦʨʽʚ ʟʚôʷʟʢʫ 

(Component Couplings). ʊʘʢʽ ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʟʥʘʯʝʥʴ ʤʽʞ ʤʦʜʝʣʷʤʠ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʘʙʦ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʥʘ ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. ʍʘʨʘʢʪʝʨ ʟʥʘʯʝʥʴ, 

ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ. ɿʦʢʨʝʤʘ, ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʷʢʽ ʽʥʪʝʛʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʽ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʟʚôʷʟʢʫ Integration.  

  ʆʧʝʨʘʪʦʨʠ ʟʚ'ʷʟʢʫ (Coupling Operators) ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʛʽʣʮʽ Definitions 

ʢʦʤʧʦʥʝʥʪʘ, ʟ ʷʢʦʛʦ ʚʠʙʠʨʘʶʪʴʩʷ ʜʘʥʽ. ʊʫʪ ʦʧʝʨʘʪʦʨʠ ʪʽʣʴʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʘʣʝ 

ʥʝ ʦʙʯʠʩʣʶʶʪʴʩʷ. ʆʜʥʘʢ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ʙʫʜʴ-

ʷʢʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʧʦʪʦʯʥʦʛʦ ʘʙʦ ʽʥʰʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʟʚ'ʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʥʦʧʢʘ -

 ʩʧʠʩʦʢ Component Coupling ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ Definitions  ʘʙʦ ʦʜʥʦʡʤʝʥʥʘ 

ʢʦʤʘʥʜʘ ʟ ʚʠʧʘʜʥʦʛʦ ʤʝʥʶ ʣʦʢʘʣʴʥʦʛʦ ʚʫʟʣʘ Definitions.  

  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠ ʙʘʞʘʻʤʦ ʦʙʯʠʩʣʠʪʠ ʦʙ'ʻʤ ʪʽʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʘ 

ñññ
V

zdydxd . ɼʣʷ ʮʴʦʛʦ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʝʨʘʪʦʨ ʟʚ'ʷʟʢʫ 

Integration . ʇʦʜʠʚʠʤʦʩʷ, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ. 

  Definitions  -> Component Coupling  ï Integration 

ɸʢʪʠʚʫʡʪʝ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Component 1 (comp1) - Definitions - 

Integration 1 (intop1). ɯʤ'ʷ ʦʧʝʨʘʪʦʨʘ ʽʥʪʝʛʨʫʚʘʥʥʷ intop 1 ʚʢʘʟʫʻʪʴʩʷ ʚ ʧʦʣʽ 

Operator name . ɼʘʣʽ ʚʚʝʜʽʪʴ: 

   Label: = ɯʥʪʝʛʨʘʣ ʟʘ ʦʙ'ʻʤʦʤ 

   Source  Selection  ï Geometric entity level = Domain 

ʆʩʪʘʥʥʷ ʽʥʩʪʨʫʢʮʽʷ ʚʢʘʟʫʻ çʛʝʦʤʝʪʨʠʯʥʠʡ ʨʽʚʝʥʴè ʦʙʣʘʩʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ (ʣʽʥʽʷ, 

ʧʦʚʝʨʭʥʷ, ʪʨʠʚʠʤʽʨʥʝ ʪʽʣʦ). ɺ ʘʩʦʮʽʡʦʚʘʥʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʢʣʘʮʥʽʪʴ ʧʦ 

ʦʙʣʘʩʪʽ ʪʽʣʘ, ʽ ʡʦʛʦ ʽʥʜʠʢʘʪʦʨ 1 ʟ'ʷʚʠʪʴʩʷ ʚ ʩʧʠʩʢʫ Selection, ʚʢʘʟʫʶʯʠ, ʪʠʤ 

ʩʘʤʠʤ, ʢʦʥʢʨʝʪʥʫ ʦʙʣʘʩʪʴ. 

  ʆʙʥʦʚʽʪʴ ʨʦʟʚôʷʟʦʢ, ʢʣʘʮʥʫʚʰʠ ʧʦ ʢʥʦʧʮʽ Update Solution ʚ ʇɺ ʚʫʟʣʘ 

Study 1.  

  ʊʝʧʝʨ ʦʧʝʨʘʪʦʨ i ntop1   ʩʪʚʦʨʝʥʠʡ ʽ ʜʦʩʪʫʧʥʠʡ. ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ.  

   Results  ->  Derived Values  ï Global Evaluation 
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Results - Derived Values - Global Evaluation 1: 

   Expression ï Expression = comp1. intop1(1)  

   LMB > Evaluate ï New Table 
ɺ ʤʦʜʝʣʽ ʟôʷʚʠʪɹʩ ̫ʪʘʙʣʠʮ ̫Table 1  ̔  ʚ ʥʽʡ ʢʦʤʽʨʢʘ ʟ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʯʠʩʣʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʜʠʥʠʮʽ ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʦ ʚʩʴʦʤʫ ʪʽʣʫ, ʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʻ 

ʦʙôʻʤ ʪʽʣʘ. 

 
ʗʢ ʙʘʯʠʪʝ, ʥʘ ʝʪʘʧʽ ʧʦʩʪʦʙʨʦʙʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʟʚôʷʟʢʫ Integration  

ʽʜʝʥʪʠʯʥʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʘʣʝʞʥʦ ʾ ʚʝʣʠʯʠʥʠ Volume Integration   (ʪʦʙʪʦ 

ʚʫʟʣʘ Derived Values ï Integration ï Volume Integration ).  

ɿʘʫʚʘʞʝʥʥʷ. ɺ ʩʧʠʩʢʫ Geometric entity level  ʚʫʟʣʘ Definitions - ɯʥʪʝʛʨʘʣ ʟʘ 

ʦʙ'ʻʤʦʤ (intop1) ʨʽʚʥʝʤ ʛʝʦʤʝʪʨʽʾ ʜʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʤʦʞʥʘ ʦʙʨʘʪʠ Boundary  

(ʧʦʚʝʨʭʥʷ), Edge (ʨʝʙʨʦ) ʽ Point  (ʪʦʯʢʘ). ʇʨʠ ʚʠʙʦʨʽ ʨʽʚʥʷ ʛʝʦʤʝʪʨʽʾ Edge ʙʫʜʝ 

ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʢʨʠʚʦʣʽʥʽʡʥʠʡ ʽʥʪʝʛʨʘʣ. ʗʢʱʦ ʚ ʷʢʦʩʪʽ ʨʽʚʥʷ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʚʢʘʟʘʪʠ ʪʦʯʢʫ, ʪʦ ʦʧʝʨʘʪʦʨ Integration  ʧʦʚʝʨʥʝ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ ʚ ʪʦʯʮʽ. 

ʗʢʱʦ ʥʘ ʝʪʘʧʽ ʩʪʚʦʨʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʽʥʪʝʛʨʫʚʘʥʥʷ intop(expr)  ʚʠʙʨʘʪʠ ʢʽʣʴʢʘ 

ʪʦʯʦʢ, ʪʦ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʩʫʤʘ ʟʥʘʯʝʥʴ ʚʠʨʘʟʫ ʚ ʮʠʭ ʪʦʯʢʘʭ. 

  ʆʧʝʨʘʪʦʨ ʟʚôʷʟʢʫ Integration  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʥʘ ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. ʁʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʛʣʦʙʘʣʴʥʠʭ ʽ 

ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʠʤʦ ʣʦʢʘʣʴʥʫ ʟʤʽʥʥʫ, ʷʢʘ ʷʚʣʷʻ ʦʙôʻʤ ʪʽʣʘ. 

  ʗʢʱʦ ʚ ʚʘʰʽʡ ʤʦʜʝʣʽ ʱʝ ʥʝʤʘʻ ʚʫʟʣʘ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ Component 1 ï 

Definitions ï Variables 1, ʪʦ ʩʪʚʦʨʽʪʴ ʡʦʛʦ ʢʦʤʘʥʜʦʶ 

   Home - > Definitions  ï Variables ï> Local Variables 

ʗʢʱʦ ʪʘʢʠʡ ʚʫʟʦʣ ʚʞʝ ʻ, ʪʦ ʦʯʠʩʪʽʪʴ ʨʷʜʢʠ ʡʦʛʦ ʪʘʙʣʠʮʽ ʟʤʽʥʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʥʦʧʢʠ  Delete, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʪʘʙʣʠʮʝʶ. 

  ɺ ʇɺ ʚʫʟʣʘ Component 1 ï Definitions ï Variables 1 ʚ ʧʝʨʰʦʤʫ ʨʷʜʢʫ 

ʪʘʙʣʠʮʽ ʟʤʽʥʥʠʭ ʚʚʝʜʽʪʴ: 

   Variables ï Name = Vol1   

          ï Expression = comp1.intop1(1)  

Study 1: RMB > Update Solution 

ʊʝʧʝʨ ʧʝʨʝʚʽʨʠʤʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʤʽʥʥʦʾ Vol1 , ʥʘʜʨʫʢʫʚʘʚʰʠ ʾʾ ʟʥʘʯʝʥʥʷ. 

   Results  ->  Derived Values  ï Global Evaluation 

Results - Derived Values - Global Evaluation 2: 

   Expression ï Expression = comp1.Vol1  

   LMB > Evaluate ï Table 1 

 
ʆʜʠʥ ʽ ʪʦʡ ʞʝ ʦʧʝʨʘʪʦʨ intop1  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʨʽʟʥʠʭ ʚʠʨʘʟʽʚ. ʅʘʧʨʠʢʣʘʜ, intop1(ʛʫʩʪʠʥʘ) ʦʙʯʠʩʣʠʪʴ ʤʘʩʫ ʪʽʣʘ. 
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  ʉʪʚʦʨʠʤʦ ʣʦʢʘʣʴʥʫ ʟʤʽʥʥʫ Mass1, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʤʘʩʠ ʪʽʣʘ. ɼʣʷ 

ʮʴʦʛʦ ʚ ʜʨʫʛʦʤʫ ʨʷʜʢʫ ʪʘʙʣʠʮʽ ʚʫʟʣʘ Component 1 ï Definitions ï Variables 1 

ʚʚʝʜʽʪʴ:  

   Variables ï Name = Mass1  

         ï Expression = comp1.intop1(comp1.mat1.def.rho)  

Study 1: RMB > Update Solution 
  ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʤ'ʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʛʫʩʪʠʥʫ 

ʪʽʣʘ. ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʚʣʘʩʪʠʚʦʩʪʽ rho  ʤʘʪʝʨʽʘʣʫ mat1 ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʤʽʞʥʝ ʽʤ'ʷ ʛʨʫʧʠ ʚʣʘʩʪʠʚʦʩʪʝʡ def . 

ɿʘʫʚʘʞʝʥʥʷ. ɼʣʷ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʽʤôʷ (ʥʘʧʨʠʢʣʘʜ, mat1), ʽ ʜʝʩʢʨʠʧʪʦʨ/ʪʝʛ ʛʨʫʧʠ ʙʘʟʦʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʻʪʴʩʷ def . ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʫʩʪʠʥʠ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʟʥʘʯʝʥʥʷ mat1.def.rho (ʘʙʦ 

ʧʦʚʥʝ ʽʤôʷ root. comp1.mat1.def.rho ). ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʚ ʤʝʞʘʭ 

çʬʽʟʠʢʠè ʧʝʨʝʜ ʾʾ ʽʤôʷʤ ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʽʜʝʥʪʠʬʽʢʘʪʦʨ çʬʽʟʠʢʠè, ʥʘʧʨʠʢʣʘʜ,  

solid . rho . 

  ʅʘʜʨʫʢʫʻʤʦ ʤʘʩʫ. 

   Results  ->  Derived Values  ï Global Evaluation 

Results - Derived Values - Global Evaluation 3: 

   Expression ï Expression =comp1.Mass1  

   LMB > Evaluate ï Table 1 

 
ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʘ ʩʪʚʦʨʝʥʘ ʪʘʙʣʠʮ ̫ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ. 

  

ɿʘʫʚʘʞʝʥʥʷ. ɼ̔ ʟʥʘʪʠʩʷ ʛʝʦʤʝʪʨʠʯʥ ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʛʫʨʠ (ʦʙôʻʤ, ʧʣʦʱʫ, 

ʜʦʚʞʠʥʫ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ) ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ Mesure 

(ʚʠʤʽʨʶʚʘʥʥʷ) ʧʘʥʝʣʽ Geometry . ʇʦʜʠʚʠʤʦʩʴ, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ. 

  ɺʠʜʽʣʽʪʴ ʚ ɼʄ ʚʫʟʦʣ Geometry 1. ɺ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʚʩʪʘʥʦʚʽʪʴ ʨʝʞʠʤ 

ʚʠʙʦʨʫ ʦʙʣʘʩʪʝʡ, ʥʘʪʠʩʥʫʚʰʠ ʢʥʦʧʢʫ Select Domains , ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ 

ʚʽʢʥʦʤ, ʽ ʢʣʘʮʥʽʪʴ ʧʦ ʢʫʙʫ. ʇʦʪʽʤ ʥʘ ʧʘʥʝʣʽ Geometry   ʢʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ 

 Mesure. 

 

 
ʋ ʚʽʢʥʽ ʧʦʚʽʜʦʤʣʝʥʴ Messages, ʷʢʝ ʟʘʟʚʠʯʘʡ ʨʦʟʪʘʰʦʚʘʥʦ ʥʠʞʯʝ ɻɺ, ʟôʷʚʠʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙôʻʤ ʪʘ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʦʙʨʘʥʦʛʦ ʪʽʣʘ. 
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ʗʢʱʦ ʚ ɻɺ ʚʩʪʘʥʦʚʠʪʠ ʨʝʞʠʤ ʚʠʙʦʨʫ ʛʨʘʥʠʮʴ, ʥʘʪʠʩʥʫʚʰʠ ʢʥʦʧʢʫ Select 

Boundaries ,  ʚ ɻɺ ʚʠʜʽʣʠʪʠ ʜʚʦʚʠʤʽʨʥʫ ʦʙʣʘʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʛʨʘʥʴ ʢʫʙʘ, ʪʘ ʥʘ 

ʧʘʥʝʣʽ Geometry  ʢʣʘʮʥʫʪʠ ʧʦ ʢʥʦʧʮʽ  Mesure, ʪʦ ʫ ʚʽʢʥʦ ʧʦʚʽʜʦʤʣʝʥʴ ʙʫʜʝ 

ʜʦʜʘʥʦ ʽʥʬʦʨʤʘʮʽ ʁʧʨʦ ʧʣʦʱʫ ʚʢʘʟʘʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

 
ʗʢʱʦ ʚ ɻɺ ʚʩʪʘʥʦʚʠʪʠ ʨʝʞʠʤ ʚʠʙʦʨʫ ʨʝʙʝʨ, ʥʘʪʠʩʥʫʚʰʠ ʢʥʦʧʢʫ Select 

Edges ,  ʧʦʪʽʤ ʚʠʜʽʣʠʪʠ ʢʨʠʚʽ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʫʨ ʜʽʨʢʠ ʥʘ ʛʨʘʥʽ ʢʫʙʘ, ʪʘ ʥʘ 

ʧʘʥʝʣʽ Geometry   ʢʣʘʮʥʫʪʠ ʧʦ ʢʥʦʧʮʽ  Mesure, ʪʦ ʫ ʚʽʢʥʦ ʧʦʚʽʜʦʤʣʝʥʴ ʙʫʜʝ 

ʜʦʜʘʥʦ ʽʥʬʦʨʤʘʮʽ ʁʧʨʦ ʩʫʤʘʨʥʫ ʜʦʚʞʠʥʫ  ʦʙʨʘʥʠʭ ʢʨʠʚʠʭ. 
Length: 3.141  [m].  Edges: 80, 81, 82, 83 (dif1).  

ɺ ʨʝʞʠʤʽ ʚʠʙʦʨʫ ʪʦʯʦʢ Select Points ,  ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʷ ʢʦʦʨʜʠʥʘʪʠ ʚʠʜʽʣʝʥʦʾ 

ʪʦʯʢʠ, ʘʙʦ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʪʦʯʢʘʤʠ.  
Coordinates: (1, 1, 1)  [m].  Point: 52 (dif1).  
Distance: 2.828427125  [m], (2, 0, 2)  [m].  Point 7 (dif1) to 52 (dif1).  

ɯʥʜʠʢʘʪʦʨʠ ʦʙʣʘʩʪʝʡ, ʛʨʘʥʝʡ, ʨʝʙʝʨ ʘʙʦ ʪʦʯʦʢ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʦʙʯʠʩʣʝʥʥʽ, 

ʜʨʫʢʫʶʪʴʩʷ ʧʽʩʣʷ ʨʝʟʫʣʴʪʽʚʥʠʭ ʜʘʥʠʭ. 

  ʏʠʩʣʦʚʽ ʚʝʣʠʯʠʥʠ ʟ ʚʽʢʥʘ Messages  ʤʦʞʥʘ ʩʢʦʧʽʶʚʘʪʠ ʚ ʙʫʬʝʨ ʦʙʤʽʥʫ ʽ 

ʚʠʢʦʨʠʩʪʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʫʟʣʽ  Parameters ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. 

ʇʦʚʝʨʥʝʤʦʩʷ ʜʦ ʨʦʙʦʪʠ ʟʽ ʟʤʽʥʥʠʤʠ ʤʦʜʝʣʽ. ʉʪʚʦʨʠʤʦ ʛʣʦʙʘʣʴʥʫ ʟʤʽʥʥʫ, ʱʦ 

ʟʦʙʨʘʞʘʻ ʟʘʛʘʣʴʥʫ ʩʠʣʫ Force , ʷʢʫ ʯʠʥʠʪʴ ʪʽʣʦ ʥʘ ʦʩʥʦʚʫ. ɺʦʥʘ ʜʦʨʽʚʥʶʻ ʚʘʟʽ 

ʪʽʣʘ ʧʣʶʩ ʟʦʚʥʽʰʥʷ ʩʠʣʘ, ʷʢʘ ʜʽʻ ʥʘ ʪʽʣʦ ʟʚʝʨʭʫ 

  ɻʣʦʙʘʣʴʥʽ ʟʤʽʥʥʽ ʩʪʚʦʨʶʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʣʦʢʘʣʴʥʠʭ. ʆʩʢʽʣʴʢʠ ʟʤʽʥʥʽ 

Vol 1   ̔  Mass1  ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʽʣʘ, ʩʪʚʦʨʝʥʦʛʦ ʚ ʢʦʤʧʦʥʝʥʪʽ, ʪʦ ʤʠ ʾʭ 

ʚʠʟʥʘʯʠʣʠ ʷʢ ʣʦʢʘʣʴʥʽ. ɿʤʽʥʥʘ Force  ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝ ʪʣ̔ʴʢʠ ʪʽʣʦ, ʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʢʪʦʨʘ (ʪʠʩʢʫ ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ),  ̔ʾʾ ʣʦʛʽʯʥʦ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʛʣʦʙʘʣʴʥʫ ʟʤʽʥʥʫ. 

  ʉʪʚʦʨʠʤʦ ʪʘʙʣʠʮʶ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʢʦʤʘʥʜʦʶ 

   Home - > Definitions  ï Variables ï Global Variables 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Global Definitions - Variables 2 ʚ ʧʝʨʰʦʤʫ ʨʷʜʢʫ 

ʪʘʙʣʠʮʽ ʟʤʽʥʥʠʭ ʚʚʝʜʽʪʴ: 

   Variables -  Name = Force   

         -  Expression = comp1.Mass1*g_const+F*S  

Study 1: RMB > Update Solution 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʩʪʘʣʘ g_const   ʧʦʟʥʘʯʘʻ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. 

  ʊʘʙʣʠʮʷ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 
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ʅʘʜʨʫʢʫʻʤʦ ʟʥʘʯʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʟʤʽʥʥʦʾ Force . 

   Results  - >  Derived Values  ï Global Evaluation 

Results - Derived Values - Global Evaluation 4: 

   Expression ï Expression = Force  

   LMB > Evaluate ï Table 1 

 

ʆʢʨʽʤ ʟʤʽʩʪʫ, ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʟʦʥʫ ʜʽʾ ʟʤʽʥʥʠʭ. ɯʥʦʜʽ ʢʦʨʠʩʥʦ ʦʙʤʝʞʠʪʠ 

ʢʦʥʪʝʢʩʪ ʟʤʽʥʥʦʾ ʜʦ ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʛʝʦʤʝʪʨʽʾ, ʚ ʷʢʽʡ ʚʦʥʘ ʜʦʩʪʫʧʥʘ, ʥʘʧʨʠʢʣʘʜ, 

ʜʦ ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʪʽʣʘ, ʜʦ ʧʦʚʝʨʭʥʽ, ʘʙʦ ʣʠʰʝ ʜʦ ʜʝʷʢʠʭ ʨʝʙʝʨ ʽ ʥʘʚʽʪʴ ʦʢʨʝʤʠʭ 

ʪʦʯʦʢ. 

  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʥʘʧʨʫʞʝʥʥʷ zs  ʚʟʜʦʚʞ 

ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʥʪʫʨʘ ʦʩʥʦʚʠ ʪʽʣʘ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. 

ʆʜʠʥ ʟ ʥʠʭ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʣʦʢʘʣʴʥʦʾ ʟʤʽʥʥʦʾ, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʣʠʰʝ ʥʘ ʮʴʦʤʫ 

ʢʦʥʪʫʨʽ.  

  ʉʪʚʦʨʠʤʦ ʚʫʟʦʣ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ, ʟʦʥʘ ʜʽʾ ʷʢʠʭ ʙʫʜʝ ʦʙʤʝʞʝʥʘ 

ʟʘʟʥʘʯʝʥʠʤ ʢʦʥʪʫʨʦʤ.  

   Home - > Definitions  ï Variables ï Local Variables 

Component 1 ï Definitions ï Variables 3: 

   Geometric Entity Selection ï Geometric entity level = Edge 

             ï Selection = Manual ; 2,3,15,78   (ʨʝʙʨʘ ʦʩʥʦʚʠ) 

ɺ ʧʝʨʰʦʤʫ ʨʷʜʢʫ ʪʘʙʣʠʮʽ ʟʤʽʥʥʠʭ ʚʚʝʜʽʪʴ: 

   Variables ï Name = Sz 

         ï Expression = solid.sz  

Study 1: RMB > Update Solution 
ʅʘʤ ʟʥʘʜʦʙʠʣʦʩʷ ʧʦʙʫʜʫʚʘʪʠ ʥʦʚʠʡ ʚʫʟʦʣ Variables 3 ʪʦʤʫ, ʱʦ ʡʦʛʦ ʟʤʽʥʥʽ 

ʚʠʟʥʘʯʝʥʽ ʥʘ ʽʥʰʦʤʫ ʨʽʚʥʽ ʛʝʦʤʝʪʨʽʾ (ʥʘ ʨʝʙʨʘʭ), ʚ ʧʨʦʪʠʣʝʞʥʽʩʪʴ ʚʽʜ ʟʤʽʥʥʠʭ 

ʚʫʟʣʘ Variables 1, ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʧʦ ʚʩʽʡ ʤʦʜʝʣʽ. 

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʟʤʽʥʥʦʾ Sz ʥʘʜ ʟʘʜʘʥʠʤ ʢʦʥʪʫʨʦʤ. 

  Results - >3D Plot Group 

3D Plot Group 12: 

   Dataï Data set  = Study 1/Solution 1 (1)  

   Plot Settings ï Plot data set edges  = False  

  3D Plot Group 12 - > Add Plot  ï Line 

3D Plot Group 12 ï Line 1: 

   Dataï Data set = From parent  

   Expression ï Expression  = comp1.Sz  

   Coloring and Style ï Line type  = Tube 

             ï Tube radius expression = 0.02  

             ï Radius scale factor = 1 
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   Quality ï Recover = Within domains  

  RMB > Deformation 

3D Plot Group 12 ï Line 1 ï Deformation 1: 

   Expression  ï X component  = 0 

         ï Y component  = 0 

         ï Z component  = comp1.Sz  

   Scale ï Scale factor  = True , 3e- 6 

  LMB > Plot 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʛʨʘʬʽʢʘ ʤʠ ʚʢʣʶʯʠʣʠ ʦʧʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʦʭʽʜʥʠʭ Recover  = Within domains . 

  ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʧʦʙʫʜʫʻʤʦ ʮʝʡ ʛʨʘʬʽʢ, çʨʦʟʛʦʨʥʫʚʰʠè ʢʦʥʪʫʨ ʚ ʧʨʷʤʫ 

ʣʽʥʽʶ. 
  Results - >1D Plot Group 

1D Plot Group 13: 

   Dataï Data set  = Study 1/Solution 1 (1)  

  1D Plot Group 13 - > Add Plot  ï Line Graph 

1D Plot Group 13 ï Line Graph 1: 

   Dataï Data set = From parent  

   Selection ï Selection = Manual ;  2,3,15,78     (ʨʝʙʨʘ ʦʩʥʦʚʠ) 

   y- Axis Data ï Expression  = comp1.Sz  

   x- Axis Data ï Parameter  = Arc length  

   Coloring and Style ï Line , Width = Solid ,3     (ʜʚʘ ʧʦʣʷ) 

   Quality ï Recover = Within domains  

  LMB > Plot       (ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ ʣʽʚʦʨʫʯ) 

 
ʗʢʱʦ ʚʠʤʢʥʫʪʠ ʦʧʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʭʽʜʥʠʭ Quality  ï Recover = Off , ʪʦ 

ʛʨʘʬʽʢ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʪʘʢ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʠʩʫʥʢʫ ʧʨʘʚʦʨʫʯ.  

  ɯʩʥʫʻ ʪʘʢʦʞ ʩʧʦʩʽʙ ʦʙôʻʜʥʘʥʥʷ ʨʽʟʥʦʡʤʝʥʥʠʭ ʟʤʽʥʥʠʭ, ʚʠʟʥʘʯʝʥʠʭ ʚ ʨʽʟʥʠʭ 

ʯʘʩʪʠʥʘʭ ʛʝʦʤʝʪʨʽʾ, ʧʽʜ ʻʜʠʥʠʤ ʽʤôʷʤ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʩʪʚʦʨʠʪʠ ʢʽʣʴʢʘ ʚʫʟʣʽʚ 

Variables , ʟʦʥʫ ʜʽʾ ʷʢʠʭ ʦʙʤʝʞʠʪʠ ʧʦʪʨʽʙʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʛʝʦʤʝʪʨʽʾ. ʇʦʪʽʤ 

ʩʣʽʜ ʟʘʜʘʪʠ ʚ ʮʠʭ ʚʫʟʣʘʭ ʟʤʽʥʥʫ ʟ ʦʜʥʘʢʦʚʠʤ ʽʤôʷʤ ʽ ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʨʘʟʦʤ ʜʣʷ 
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ʦʙʯʠʩʣʝʥʥʷ. ɿʚʝʨʥʝʥʥʷ ʜʦ ʪʘʢʦʛʦ ʽʤʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʘ, ʙʫʜʝ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʨʘʟ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʯʘʩʪʠʥʽ ʛʝʦʤʝʪʨʽʾ.  

ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ. ʇʨʠʧʫʩʪʠʤʦ ʪʝʧʝʨ, ʱʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʠʪʠ ʤʦʜʝʣʴ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʛʦʩʴ ʧʘʨʘʤʝʪʨʘ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ, ʦʙʯʠʩʣʠʪʠ ʤʦʜʝʣʴ, ʟʘʧʘʤôʷʪʘʪʠ ʨʦʟʚôʷʟʦʢ, ʟʤʽʥʠʪʠ ʧʘʨʘʤʝʪʨ, ʟʥʦʚʫ 

ʦʙʯʠʩʣʠʪʠ ʤʦʜʝʣʴ, ʟʥʦʚʫ ʟʘʧʘʤôʷʪʘʪʠ ʨʦʟʚôʷʟʦʢ ʽ ʪ.ʜ. ʎʝ ʢʣʦʧʽʪʥʦ, ʪʦʤʫ ʚ 

ʩʠʩʪʝʤʽ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʚôʷʟʢʽʚ  ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ. ɿʚʠʯʘʡʥʦ ʪʘʢ̔ ʧʘʨʘʤʝʪʨʠ ʧʦʚʠʥʥ ̔ʙʫʪʠ ʩʪʚʦʨʝʥ ̔ʫ ʚʫʟʣʽ ʛʣʦʙʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʚ COMSOL Multiphysics ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʙʫʚʘʻ). ʇʦʪʽʤ ʫ ʚʫʟʣʽ 

Study ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʟʥʘʢʠ (ʘʙʦ ʩʪʚʦʨʶʻʪʴʩʷ ʚʫʟʦʣ, ʱʦ ʤʽʩʪʠʪʴ ʦʟʥʘʢʠ) 

ʚʤʠʢʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ.  

  ʗʢʱʦ ʧʘʨʘʤʝʪʨ ʢʝʨʫʻ ʛʝʦʤʝʪʨʽʻʶ ʤʦʜʝʣʽ (ʨʝʧʨʝʟʝʥʪʫʻ ʜʦʚʞʠʥʫ, ʪʦʚʱʠʥʫ, 

ʨʘʜʽʫʩ, ʪʦʱʦ), ʪʦ ʚ ʛʽʣʮʽ Study ʩʣʽʜ ʩʪʚʦʨʠʪʠ ʚʫʟʦʣ Parametric Sweep, ʽ ʚ ʡʦʛʦ 

ʇɺ ʚʢʘʟʘʪʠ ʧʘʨʘʤʝʪʨ ʽ ʩʧʠʩʦʢ ʟʥʘʯʝʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ. ʗʢʱʦ 

ʧʘʨʘʤʝʪʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʭ ʘʙʦ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ, ʷʚʣʷʻ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʷʥʥʷ (ʪʦʙʪʦ ʥʝ ʟʤʽʥʶʻ ʛʝʦʤʝʪʨʽʶ), 

ʪʦ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Auxiliary Sweep  (ʜʦʧʦʤʽʞʥʠʡ) ʘʥʘʣʽʟ, ʷʢʠʡ 

ʚʤʠʢʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʘʧʦʨʮʷ ʚ ʇɺ ʚʫʟʣʘ Study ï

 Step 1: Stationary.  

  ɺʠʢʦʥʘʻʤʦ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʜʦʧʦʤʽʞʥʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ (Auxiliary 

Sweep) ʧʦ ʧʘʨʘʤʝʪʨʫ F ï ʪʠʩʢʫ ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ 

ʽʥʩʪʨʫʢʮʽʾ: 

Study 1 ï Step 1: Stationary: 

   Study Extensions ï Auxiliary sweep = True  

ɺ ʇɺ ʚʫʟʣʘ Step 1: Stationary ʚ ʨʦʟʜʽʣʽ Study Extensions  ʘʢʪʠʚʫʻʪʴʩʷ 

ʪʘʙʣʠʮʷ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ. ʂʣʘʮʥʽʪʴ ʧʦ ʪʘʙʣʠʮʽ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʽ ʟ 

ʚʠʧʘʜʥʦʛʦ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Add. ɿʽ ʩʧʠʩʢʫ, ʷʢʠʡ ʟôʷʚʠʪʴʩʷ ʚ ʩʪʦʚʧʮʽ 

Parameter name, ʚʠʙʝʨʽʪʴ ʧʘʨʘʤʝʪʨ F. ʋ ʜʨʫʛʦʤʫ ʩʪʦʚʧʮʽ ʪʘʙʣʠʮʽ ʟʘʜʘʡʪʝ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ range (10000,10000,100000) . ʎʽ ʜʽʾ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʠʭ ʽʥʩʪʨʫʢʮʽʡ: 

   Study  Extensions  ï Parameter name = F( Pressure )  

        ï Parameter value list = range(10000,10000,100000)  

ʈʦʟʜʽʣ Study Extensions  ʚʫʟʣʘ Step 1: Stationary ʥʘʙʫʜʝ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ. 

 

 
ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ.  

   Study - > Compute 

ɺ ʧʘʥʝʣʷʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʡʞʝ ʚʩʽʭ ʛʨʘʬʽʯʥʠʭ ʛʨʫʧ ʽ ʜʝʷʢʠʭ ʛʨʘʬʽʢʽʚ  ʚ ʨʦʟʜʽʣʽ 

Data  ʟôʷʚʠʪʴʩʷ ʩʧʠʩʦʢ Parameter  value  (F) ʟʽ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ F, ʜʣʷ 



108 

 

ʷʢʦʛʦ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ. ɺʠ ʤʦʞʝʪʝ ʦʙʨʘʪʠ ʙʫʜʴ-ʷʢʝ ʟʥʘʯʝʥʥʷ ʟ ʜʽʘʧʘʟʦʥʫ 

10000,20000,...,100000 , ̫ ʢʠʡ ʙʫʣʦ ʟʘʜʘʥʦ ʚ ʪʘʙʣʠʮʽ. 

  ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʫ ʚʫʟʣʽ Stress (solid) - Surface 2 - Deformation 1 

ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʠʪʠ ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʙʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʽʥ 

ʧʦʚʠʥʝʥ ʫʩʧʘʜʢʦʚʫʚʘʪʠʩʷ ʟ ʚʫʟʣʘ Surface 1, ʮʝ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

Stress (solid) - Surface 2 - Deformation 1: 

   Scale ï Scale factor = True , 25000  

ɺ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʫʧʘʭ ʙʫʜʫʶʪʴʩʷ ʛʨʘʬʽʢʠ  ʜʣʷ ʚʩʽʭ 10 ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ. ʆʩʴ, 

ʥʘʧʨʠʢʣʘʜ, ʷʢ ʙʫʜʫʪʴ ʚʠʛʣʷʜʘʪʠ ʛʨʘʬʽʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʨʝʙʨʘ ʚ 

ʦʜʥʦʚʠʤʽʨʥʽʡ ʛʨʫʧʽ 1D Plot Group 9.  

 

 
ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ ʛʨʘʬʽʢʠ ʚ ʛʨʫʧʽ 1D Plot Group 13. 

  ʇʦʷʩʥʠʤʦ ʱʝ ʨʘʟ ʨʽʟʥʠʮʶ ʤʽʞ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʘʥʘʣʽʟʘʤʠ Parametric 

Sweep ʽ Auxiliary Sweep. ʆʩʪʘʥʥʽʡ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ ʧʨʠ 

ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʟʤʽʥʠ, ʪʦʙʪʦ ʟʤʽʥʶʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ, ʛʨʘʥʠʯʥʽ ʘʙʦ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʽʚʥʷʥʴ, ʪʦʱʦ. ʇʨʠ Parametric Sweep  ʘʥʘʣʽʟʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʢʝʨʫʶʪʴ ʛʝʦʤʝʪʨʽʻʁ  (ʪʦʙʪʦ ʪʦʚʱʠʥʫ, ʜʦʚʞʠʥʫ, ʜʽʘʤʝʪʨ, ʪʦʱʦ). ʇʦʚʝʜʽʥʢʘ 

COMSOL ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʦʙʨʘʥʦ. ʇʨʠ 

Parametric Sweep  ʘʥʘʣʽʟʽ ʟʤʽʥʠ ʚʥʦʩʷʪʴʩʷ ʧʦ ʚʩʡ̔ ʤʦʜʝʣʽ: ʚ ʛʝʦʤʝʪʨʽʶ, ʉʢɽ 

ʩʽʪʢʫ ʽ çʬʽʟʠʢʫè. ʇʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ, ʧʘʨʘʤʝʪʨ ʥʘʙʫʚʘʻ 

ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʚʩʝ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʊʦʙʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ  ʜʘʥʽ ʫ ʚʫʟʣʘʭ Geometry , Mesh  ̔  çʬ̔ ʟʠʢʘè ʦʥʦʚʣʶʶʪʴʩʷ,  ʽ ʧʦʚʪʦʨʥʦ 

ʚʠʢʦʥʫʪʁʴʩʷ ʦʙʯʠʩʣʝʥʥʷ. 

  ʇʨʠ Auxiliary Sweep ʘʥʘʣʽʟ ̔ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʘʨʘʤʝʪʨ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʧʝʨʝʨʚʥʦ. ɿʤʽʥʠ ʚʥʦʩʷʪʴʩʷ ʣʠʰʝ ʚ çʬʽʟʠʢʫè, ʽ ʧʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʦʯʘʪʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʦʚʦʾ ʽʪʝʨʘʮʽʾ ʧʨʠ ʥʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ. ʋ ʚʠʧʘʜʢʫ 

Auxi liary Sweep ʩʦʣʚʝʨ ʥʝ ʚʠʢʦʥʫʻ ʟʤʽʥʠ ʫ ʚʫʟʣʘʭ Geometry ʽ Mesh. ʎʝ 

ʟʤʝʥʰʫʻ ʯʘʩ ʦʙʯʠʩʣʝʥʥ ̫ʽ ʧʦʢʨʘʱʫʻ ʪʦʯʥʽʩʪʴ. 

ɿʘʫʚʘʞʝʥʥʷ. ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʨʘʟʫ ʧʦ ʢʽʣʴʢʦʤ 

ʧʘʨʘʤʝʪʨʘʤ. 

ɿʦʥʜʠ (probes). ʋʷʚʽʪʴ ʩʦʙʽ ʝʢʩʧʝʨʠʤʝʥʪ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʜʝʷʢ ̔

ʜʘʚʘʯ ̔(ʘʙʦ ʩʝʥʩʦʨʠ), ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʬʽʟʠʯʥ ̔ʧʘʨʘʤʝʪʨʠ ʚ ʧʝʚʥʠʭ ʪʦʯʢʘʭ. ʇʨʠ 

ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ ʙʘʞʘʥʦ ʤʘʪʠ ʩʭʦʞ ̔ʽʥʩʪʨʫʤʝʥʪʠ. ɺ 

COMSOL Multiphysics ʚʦʥʠ ʥʘʟʠʚʘʪʁʴʩʷ ʟʦʥʜʘʤʠ (probes).  ɰʭ  ʧʝʨʚʽʩʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ï ʢʦʥʪʨʦʣʴ ʟʥʘʯʝʥʴ ʧʦʣʝʚʠʭ ʟʤʽʥʥʠʭ ʚ ʪʦʯʢʘʭ ʧʽʜ ʯʘʩ 
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ʦʙʯʠʩʣʶʚʘʥʥʷ. ɸʣʝ ʟʦʥʜʠ COMSOL ʤʘʶʪʴ ʙʽʣʴʰ ʛʥʫʯʢʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʜʘʚʘʯʘʤʠ/ʩʝʥʩʦʨʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ ʦʙʯʠʩʣʶʚʘʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʧʦʣʝʚʦʾ ʟʤʽʥʥʦʾ ʧʦ ʚʩʴʦʤʫ ʪʽʣʫ. 

  ɺ COMSOL Multiphysics ʟʦʥʜ ï ʮʝ ʩʢʘʣʷʨʥʘ ʟʤʽʥʥʘ, ʷʢʘ ʥʝ ʻ ʬʫʥʢʮʽʻʶ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. ʗʢ ʽ ʬʽʟʠʯʥʠʡ ʜʘʚʘʯ, ʱʦ ʧʜ̔ʢʣʶʯʝʥʠʡ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʽʥʪʝʨʬʝʡʩʽʚ ʚʠʚʝʜʝʥʥʷ, ʟʦʥʜ çʜʨʫʢʫʻè ʜʘʥʽ ʚ ʪʘʙʣʠʮʶ  ʽ ʧʦ ʥʽʡ ʙʫʜʫʻ ʛʨʘʬʽʢ 

ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʥʦʾ (ʚ ʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʘ, ʘ ʚ 

ʜʠʥʘʤʽʯʥʠʭ ï ʚʽʜ ʯʘʩʫ). ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʩʚʦʛʦ ʬʫʥʢʮʽʶʚʘʥʥʷ ʚʽʥ ʘʚʪʦʤʘʪʠʯʥʦ 

çʩʪʚʦʨʶʻè ʚʣʘʩʥʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ.  

  ʉʧʠʩʦʢ ʜʦʩʪʫʧʥʠʭ ʪʠʧʽʚ ʟʦʥʜʽʚ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʷʢʱʦ ʨʦʟʢʨʠʪʠ ʫ 

ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʫʟʣʘ Definitions ʧʫʥʢʪ Probes (ʟʦʥʜʠ). 

 
ʇʝʨʰʽ 3 ʪʠʧʠ ʟʦʥʜʽʚ ʩʭʦʞʽ ʟʘ ʜʽʻʶ. ʎʝ çʧʨʦʩʪʦʨʦʚʽè ʟʦʥʜʠ (domain probes), 

çʧʦʚʝʨʭʥʝʚʽè ʟʦʥʜʠ (boundary probes)  ʽ çʨʝʙʝʨʥʽè ʟʦʥʜʠ (edge probes). ɺʦʥʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʩʝʨʝʜʥʻ, ʤʽʥʽʤʘʣʴʥʝ, ʤʘʢʩʠʤʘʣʴʥʝ ʘʙʦ ʽʥʪʝʛʨʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ çʧʦʣʝʚʦʾè ʚʝʣʠʯʠʥʠ ʧʦ ʦʙʣʘʩʪʽ, ʧʦʚʝʨʭʥʽ ʘʙʦ ʚʟʜʦʚʞ ʨʝʙʨʘ. 

  ɺ ʨʦʟʛʣʷʜʫʚʘʥʽʡ ʤʦʜʝʣʽ ʩʪʚʦʨʠʤʦ Boundary  ʟʦʥʜ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʝʨʝʜʥ̒ 

ʥʘʧʨʫʞʝʥʥʷ zs  ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʽ. 

Component 1 (comp1) ï Definitions: RMB > Probes ï Boundary Probe 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Component 1 ï Definitions - Boundary Probe 1 (bnd1) 

ʩʧʦʨʦʞʥʽʪʴ ʩʝʢʮʽʶ ʚʠʙʦʨʫ ʢʥʦʧʢʦʶ  Clear Solution ʽ ʜʦʜʘʡʪʝ ʽʥʜʠʢʘʪʦʨ 3 

ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʪʽʣʘ. ʇʦʪʽʤ ʚʚʝʜʽʪʴ 

   Probe Type ï Type = Average  

   Expression ï Expression = solid.sz  

Study 1: RMB > Compute 

ʇ̔ ʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ Compute ʚ ʛʽʣʮʽ Data Sets  ʩʪʚʦʨʶʶʪʴʩʷ ʜʚʘ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ: Probe Solution 3 ʽ Boundary Probe 1. ʇʝʨʝh ʻ ʢʦʧʽʻʶ 

Study 1/Solution 1 (1), ʘ ʜʨʫʛʝ ï çʟʚʫʞʝʥʦ èʁ ʢʦʧʽʻʶ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʨʽʚʥʝʤ 

ʛʝʦʤʝʪʨʽʾ. ɺ ʛʽʣʮʽ Derived Values ʩʪʚʦʨʶʻʪʴʩʷ ʚʫʟʦʣ Boundary Probe 1 ʪʠʧʫ 

Point  Evaluation . ɺ ʡʦʛʦ ʩʧʠʩʢʫ Data  set ʦʙʨʘʥʦ çʟʚʫʞʝʥʠʡè ʦʜʥʦʡʤʝʥʥʠʡ 

ʥʘʙʽʨ ʜʘʥʠʭ Boundary Probe 1, ʘ ʧʦʣʝ Expression  ʤʽʩʪʠʪʴ ʚʠʨʘʟ solid.sz , 

ʚʟʷʪʠʡ ʟ ʪʘʢʦʛʦ ʞ ʧʦʣʷ ʟʦʥʜʘ. ɸʚʪʦʤʘʪʠʯʥʝ ʦʙʯʠʩʣʝʥʥʷ ʚʫʟʣʘ Boundary Probe 1 

ʩʪʚʦʨʶʻ ʪʘʙʣʠʮʶ Probe Table 2  ʽ ʜʨʫʢʫʻ ʚ ʥʽʡ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ 

solid . sz  ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʘʨʘʤʝʪʨʘ) F 

(ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ). 
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ʊʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʮʽʻʶ ʪʘʙʣʠʮʝʶ ʩʪʚʦʨʶʻʪʴʩʷ ʦʜʥʦʚʠʤʽʨʥʘ ʛʨʘʬʽʯʥʘ ʛʨʫʧʘ 

Probe Plot Group 14  ̔ʚ ʥʽʡ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ (ʪʠʧʫ Table  Graph ) ʟʘʣʝʞʥʦʩʪʽ 

ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F (ʧʦʧʝʨʝʜʥʽʡ 

ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ).  

  ɺ ʩʠʩʪʝʤʽ ʽʩʥʫʶʪʴ 2 ʪʠʧʠ ʪʦʯʢʦʚʠʭ ʟʦʥʜʽʚ: domain point   ̔  boundary 

point , ʷʢʽ  ʩʭʦʞʽ ʥʘ ʜʘʚʘʯʽ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴ ʬʽʟʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʚ ʧʝʚʥʽʡ ʪʦʯʮʽ. 

ʎʽ ʟʦʥʜʠ ʷʚʣʷʶʪʴ ʟʤʽʥʥʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ çʧʦʣʝʚʠʭè ʚʝʣʠʯʠʥ ʚ ʪʦʯʢʘʭ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʙʣʘʩʪʷʭ ʘʙʦ ʥʘ ʧʦʚʝʨʭʥʷʭ. 

  ʉʪʚʦʨʠʤʦ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʪʦʯʢʦʚʠʡ ʟʦʥʜ, ʷʢʠʡ ʚʽʜʩʣʽʜʢʦʚʫʻ ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʪʠʩʢ ʚ ʥʠʞʥʽʡ ʚʝʨʰʠʥʽ ʢʫʙʘ. 

Component 1 (comp1) ï Definitions: RMB > Probes ï Boundary Point Probe 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Component 1 ï Definitions - Boundary Point Probe 1 ʚ 

ʩʝʢʮʽʶ ʚʠʙʦʨʫ ʜʦʜʘʡʪʝ ʽʥʜʠʢʘʪʦʨ 3 ʥʠʞʥʴʦʾ ʛʨʘʥʽ ʪʽʣʘ (ʪʦʙʪʦ ʪʦʯʢʘ ʙʫʜʝ 

ʦʙʠʨʘʪʠʩʷ ʥʘ ʮʽʡ ʛʨʘʥʽ). ʇʦʪʽʤ ʚʚʝʜʽʪʴ 

Definitions - Boundary Point Probe 1: 

   Point Selection  ï x,y,z = - 1, - 1, - 1  (ʪʨʠ ʧʦʣʷ) 

Definitions - Boundary Point Probe 1 ï Point Probe Expression 1 (ppb1): 

   Expression ï Expression = solid.sz  

Study 1: RMB > Compute 
ʇ̔ ʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ Compute ʚ ʛʽʣʮʽ Data Sets  ʩʪʚʦʨʶʪ̒ʴʩʷ ʜʚʘ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ: Probe Solution 4 (ʪʠʧʫ Solution ) ʽ Boundary Point Probe 1 (ʪʠʧʫ Cut  

Point  3D)  ʟ ʧʽʜʚʫʟʣʦʤ Point Probe Expression 1(ppb1). ɺ ʛʣ̔ʮʽ Derived Values 

ʩʪʚʦʨʶʻʪʴʩʷ ʚʫʟʦʣ Point Probe Expression 1 ʪʠʧʫ Point  Evaluation . ʎʝʡ 

ʚʫʟʦʣ ʦʙʯʠʩʣʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʽ ʨʝʟʫʣʴʪʘʪ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʧʦʧʝʨʝʜʥʽʡ 

ʪʘʙʣʠʮʽ Probe Table 2. ʊʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʮʽʻʶ ʪʘʙʣʠʮʝʶ ʚ ʽʩʥʫʶʯʽʡ 

ʛʨʘʬʽʯʥʽʡ ʛʨʫʧ ̔Probe Plot Group 14 ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ ʛʨʘʬʽʢ, ʥʘ ʷʢʠʡ ʜʦʜʘʻʪʴʩʷ 

ʢʨʠʚʘ, ʱʦ ʟʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ zs  ʚ ʚʝʨʰʠʥʽ ʦʩʥʦʚʠ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F (ʟʝʣʝʥʘ ʢʨʠʚʘ ʥʘ ʥʘʡʙʣʠʞʯʦʤʫ ʥʘʩʪʫʧʥʦʤʫ 

ʛʨʘʬʽʢʫ). 

  ʇʝʨʰʠʡ ʩʪʚʦʨʝʥʠʡ ʟʦʥʜ ʤʦʜʝʣʽ ʧʦʙʫʜʫʚʘʚ ʚ ʛʽʣʮʽ Results ï Tables  

çʟʦʥʜʦʚʫè ʪʘʙʣʠʮʶ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʜʥʦʯʘʩʥʦ ʟ ʮʠʤ 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʦʜʥʦʚʠʤʽʨʥʘ ʛʨʘʬʽʯʥʘ ʛʨʫʧʘ ʟ Probe Table Graph   ʧʽʜʚʫʟʣʦʤ, ʚ 

ʷʢʦʤʫ ʟʦʙʨʘʞʝʥʽ ʟʦʥʜʦʚʽ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʛʦ ʛʨʘʬʽʢʘ. ɺʩʽ ʥʘʩʪʫʧʥʽ ʟʦʥʜʠ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʨʫʢʫʶʪʴ ʩʚʦʾ ʟʥʘʯʝʥʥʷ ʚ ʮʶ ʩʧʽʣʴʥʫ ʪʘʙʣʠʮʶ (ʚ ʥʘʰʦʤʫ 

ʧʨʠʢʣʘʜʽ ʚ Probe Table 2), ʽ ʚʩʽ çʟʦʥʜʦʚʽè ʢʨʠʚʽ ʢʨʝʩʣʪ̫ʴʩʷ ʥʘ ʩʧʽʣʴʥʦʤʫ 
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ʛʨʘʬʽʢʫ (ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʥʘ ʛʨʘʬʽʢʫ Probe Table Graph 1 ʛʨʘʬʽʯʥʦʾ ʛʨʫʧʠ 

Probe Plot Group 14). ʎʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʚ ʨʦʟʜʽʣ Table and 

Window Settings  ʚʽʢʦʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʥʜʽʚ. ɺ ʥʴʦʤʫ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ 

çʘʜʨʝʩʫè ʚʠʭʽʜʥʦʾ ʪʘʙʣʠʮʽ ʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ, ʜʝ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʟʦʥʜʦʚʽ ʟʤʽʥʥʽ. 

 
ɿʘʫʚʘʞʝʥʥʷ. ɺ ʪʦʯʢʦʚʠʭ ʟʦʥʜʘʭ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʥʝʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʚʫʟʣʽʚ Point Probe Expression , ʚ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ 

ʚʣʘʩʥʠʡ ʚʠʨʘʟ (ʚ ʪʽʡ ʩʘʤʽʡ ʪʦʯʮʽ). ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʮʽ ʧʽʜʚʫʟʣʠ ʤʽʩʪʷʪʴ ʧʦʣʝ, ʚ 

ʷʢʦʤʫ ʟʘʜʘʻʪʴʩʷ ʽʤôʷ ʟʦʥʜʦʚʦʾ ʟʤʽʥʥʦʾ, ʽ ʩʘʤʝ ʚʦʥʠ ʷʚʣʷʶʪʴ ʟʦʥʜʦʚʽ ʟʤʽʥʥʽ, ʘ ʥʝ 

ʙʘʪʴʢʽʚʩʴʢʠʡ ʚʫʟʦʣ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷ ʫ ʚʫʟʣʘʭ Domain Point Probe  ʽ  

Boundary Point Probe  ʟʘʚʞʜʠ ʩʪʚʦʨʶʻʪʴʩʷ ʦʜʠʥ ʧʽʜʚʫʟʦʣ Point Probe 

Expression .  

  ɼʣʷ ʪʨʝʥʫʚʘʥʥʷ ʩʪʚʦʨʠʤʦ ʟʦʥʜ ʪʠʧʫ Global Variable Probe . ʊʘʢʽ ʟʦʥʜʠ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʝʦʤʝʪʨʽʶ ̔  ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʩʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɰʤ 

ʥʘʜʘʶʪʴʩʷ ʚʣʘʩʥʽ ʽʤʝʥʘ, ʽ ʚ ʧʦʣʽ Expression   ʚʢʘʟʫʻʪʴʩʷ ʚʠʨʘʟ, ʷʢʠʡ ʮʝ ʽʤôʷ 

ʙʫʜʝ ʟʘʤʽʥʷʪʠ. ʆʪʞʝ ʚʠʢʦʥʘʡʪʝ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʢʮʽʾ. 

Component 1 (comp1) ï Definitions: RMB > Probes ï Global Variable Probe 

Component 1 (comp1) ï Definitions ï Global Variable Probe 1: 

   Variable Name = Rho1 

   Expression ï Expression = comp1.mat1.def.rho  

Study 1: RMB > Compute 

 
 

ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ ʟʦʥʜʽʚ, ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ Compute, 

ʩʪʚʦʨʶʶʪʴʩʷ ʢʽʣʴʢʘ ʚʫʟʣʽʚ ɼʄ, ʘʣʝ ʥʦʚʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʥʝ ʩʪʚʦʨʶʻʪʴʩʷ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʦʥʜ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʽʩʥʫʶʯʦʤʫ ʚʫʟʣʽ ɼɼ  Probe Solution 3. ɺ 

ʛʽʣʮʽ Derived Values ʩʪʚʦʨʶʻʪʴʩʷ ʚʫʟʦʣ Global Variable Probe 1. ɺʽʥ 

ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʽ ʨʝʟʫʣʴʪʘʪ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʧʦʧʝʨʝʜʥʽʡ ʪʘʙʣʠʮʽ 

Probe Table 2. ʊʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʮʽʻʶ ʪʘʙʣʠʮʝʶ ʚ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧ ̔ 

Probe Plot Group 14 ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ ʛʨʘʬʽʢ, ʥʘ ʷʢʠʡ ʜʦʜʘʻʪʴʩʷ ʢʨʠʚʘ, ʱʦ 

ʟʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F. 

ɿʚʠʯʘʡʥʦ ʟʘʣʝʞʥʦʩʪʽ ʥʝʤʘʻ ʽ ʚ ʪʘʙʣʠʮʽ ʚ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʣʦʥʮʽ ʜʨʫʢʫʶʪʴʩʷ 

ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ. 

  ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʩʢʦʨʦʪʠʤʦ ʥʘʟʚʠ ʩʪʦʚʧʮʽʚ ʪʘʙʣʠʮʽ Probe Table 2. ɸʢʪʠʚʫʡʪʝ 

ʇɺ  ʮʴʦʛʦ ʚʫʟʣʘ ʽ ʚʽʜʨʝʜʘʛʫʡʪʝ ʪʘʙʣʠʮʶ ʚ ʨʦʟʜʽʣʽ Column Headers  ʪʘʢ, ʷʢ 
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ʟʦʙʨʘʞʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʣʽʚʦʨʫʯ. ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ  Update ʽ 

ʦʪʨʠʤʘʡʪʝ ʪʘʙʣʠʮʶ, ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʨʘʚʦʨʫʯ. 

 

 
ʈʘʟʦʤ ʟ ʪʘʙʣʠʮʝʁ  ʦʥʦʚʣʷʪʴʩʷ ʛʨʘʬʽʢʠ ʚ ʛʨʫʧʽ  Probe Plot Group 14. ʑʦʙ ʚ ʛʨʫʧʽ 

ʚʽʜʦʙʨʘʟʠʪʠ ʣʝʛʝʥʜʫ, ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 

Probe Plot Group 14: 

   Legend  ï Show legends, Position = True , Middle right  

Probe Plot Group 14 - Probe Table Graph 1: 

   Legends ï Show legends = True  

  LMB > Plot 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʛʨʘʬʽʢ ʧʦʙʫʜʦʚʘʥʦ ʚ ʦʢʨʝʤʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ Probe  

Plot  1, ʘ ʥʝ ʚ ʟʚʠʯʥʦʤʫ ʚʽʢʥʽ Graphics . ʎʝ ʚʠʜʥʦ ʟ ʷʨʣʠʢʘ ʚʽʢʥʘ ʛʨʘʬʽʯʥʦʾ 

ʛʨʫʧʠ Probe Plot Group 14. 

  ʇʽʜʩʫʤʦʚʫʶʯʠ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʝʨʰʽ ʪʨʠ ʟʤʽʥʥʽ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʟ 

ʚʠʧʘʜʥʦʛʦ ʩʧʠʩʢʫ ʜʦʩʪʫʧʥʠʭ ʪʠʧʽʚ ʟʦʥʜʽʚ, ʚʽʜʩʣʽʜʢʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ/ʟʦʥʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʣʠʯʠʥ (ʽʥʪʝʛʨʘʣ, ʩʝʨʝʜʥʻ, ʝʢʩʪʨʝʤʫʤ) ʧʦ ʦʙʣʘʩʪʽ, ʧʦʚʝʨʭʥʽ ʘʙʦ 

ʨʝʙʨʫ. ɿʦʥʜʠ Domain Point  Probe   ʪʘ  Boundary  Point  Probe  ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʙʨʘʪʠ ʪʦʯʢʫ ʚʩʝʨʝʜʠʥʽ ʦʙôʻʤʫ ʘʙʦ ʥʘ ʧʦʚʝʨʭʥʽ, ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚ ʥʽʡ ʟʥʘʯʝʥʥʷ 

ʚʠʨʘʟʫ. Global  Variable  Probe   ʟʦʥʜ ʦʙʯʠʩʣʶʻ ʚʠʨʘʟ, ʷʢʠʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʝʦʤʝʪʨʽʾ ʘʙʦ ʪʦʯʢʠ.  

  ʗʢʱʦ ʚʠ ʨʝʜʘʛʫʚʘʣʠ ʟʦʥʜ ʽ ʚʥʝʩʣʠ ʜʦ ʥʴʦʛʦ ʟʤʽʥʠ, ʪʦ ʢʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ 

Update Results ʚʛʦʨʽ ʇɺ ʟʦʥʜʘ, ʱʦʙ ʦʥʦʚʠʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʦʥʜʘ ʽ ʡʦʛʦ ʜʘʥʽ. 

ʇʦʪʽʤ ʢʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰ ̔ʧʦ ʚʫʟʣʫ Definitions ʽ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

Update Probes, ʱʦʙ ʧʝʨʝʙʫʜʫʚʘʪʠ ʚʪʦʨʠʥʥʽ ʚʫʟʣʠ. 

  ʇʘʤôʷʪʘʡʪʝ, ʱʦ ʚʩʽ ʟʦʥʜʠ ʤʘʶʪʴ ʽʤʝʥʘ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʠʭ 

ʟʤʽʥʥʠʭ ʣʠʰʝ ʪʠʤ, ʱʦ ʧʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ ʚʦʥʠ ʘʚʪʦʤʘʪʠʯʥʦ çʩʪʚʦʨʶʶʪʴè 

ʱʝ ʢʽʣʴʢʘ ʚʫʟʣʽʚ ɼʄ. ɿʦʥʜʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʤʦʜʝʣʽ ʷʢ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ 

ʟʤʽʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʽʚʥʷʥʥʷʭ, ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʘʙʦ ʚ ʫʤʦʚʘʭ ʟʫʧʠʥʢʠ 

ʦʙʯʠʩʣʝʥʴ. 
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ɿʘʫʚʘʞʝʥʥʷ. ɿʦʥʜʦʚʽ ʟʤʽʥʥʽ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʚ ʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯʘʭ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʦʥʠ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ, ʪʦʙʪʦ ʙʫʜʫʪʴ ʬʫʥʢʮʽʷʤʠ ʧʘʨʘʤʝʪʨʘ t . 

ɿʫʧʠʥʢʘ ʦʙʯʠʩʣʝʥʴ. ʂʨʽʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʤʽʥʥʠʤʠ ʪʘ ʟʦʥʜʘʤʠ, ʚʠ ʤʦʞʝʪʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʟʫʧʠʥʢʠ ʦʙʯʠʩʣʝʥʴ. ɿʫʧʠʥʷʪʠ ʦʙʯʠʩʣʝʥʥʷ 

ʙʫʚʘʻ ʧʦʪʨʽʙʥʦ ʚ ʨʽʟʥʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʦʙʯʠʩʣʝʥʥʷ ʪʨʠʚʘʶʪʴ 

ʟʘʥʘʜʪʦ ʜʦʚʛʦ, ʘʙʦ ʢʦʣʠ ʥʝʤʘʻ ʩʝʥʩʫ ʾʭ ʧʨʦʜʦʚʞʫʚʘʪʠ (ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʥʘʣʘʩʷ 

ʫʤʦʚʘ, ʧʨʠ ʷʢʽʡ ʨʝʯʦʚʠʥʘ ʧʝʨʝʡʰʣʘ ʜʦ ʬʘʟʠ ʨʫʡʥʫʚʘʥʥʷ). ɺ COMSOL 

Multiphysics ʫʤʦʚʠ ʟʫʧʠʥʢʠ ʦʙʯʠʩʣʝʥʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʨʴʦʭ 

ʚʠʧʘʜʢʘʭ: ʚ ʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯʘʭ (time-dependent), ʧʨʠ ʯʘʩʪʦʪʥʦʤʫ ʘʥʘʣʽʟʽ 

(frequency-domain), ʪʘ ʚ ʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ (parametric ʘʙʦ auxiliary sweep). 

  ʑʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʟʫʧʠʥʢʫ ʦʙʯʠʩʣʝʥʴ, ʧʦ-ʧʝʨʰʝ ʪʨʝʙʘ ʤʘʪʠ 

ʩʢʘʣʷʨʥ ̔ʟʤʽʥʥ,̔ ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩ ̫ʚ ʣʦʛʽʯʥʦʤʫ ʚʠʨʘʟʽ, ʷʢʠʡ ʙʫʜʝ 

ʧʦʩʪʽʡʥʦ ʧʝʨʝʚʽʨʷʪʠʩʷ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʜʦʜʘʚʘʥʥʷ ʧʽʜʚʫʟʣʘ Stop Condition. 

ɺ ʨʘʟʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʥ ʜʦʜʘʻʪʴʩʷ ʜʦ ʚʫʟʣʘ Parametric ʚ ʛʽʣʮʽ Solver 

Configurations ï Stationary Solver. ɺ ʨʘʟʽ ʜʠʥʘʤʽʯʥʦʾ ʟʘʜʘʯʽ ʚʽʥ ʜʦʜʘʻʪʴʩʷ ʜʦ 

ʚʫʟʣʘ Time-Dependent Solver ʚ ʛʽʣʮʽ Solver Configurations. ʆʩʪʘʥʥʽʤ ʢʨʦʢʦʤ ʻ 

ʚʚʝʜʝʥʥʷ ʚ ʩʪʚʦʨʝʥʦʤʫ ʚʫʟʣ ̔Stop Condition ʫʤʦʚʠ ʟʫʧʠʥʢʠ ʦʙʯʠʩʣʝʥʴ. ɺʦʥʘ ʻ 

ʣʦʛʽʯʥʠʤ ʚʠʨʘʟʦʤ, ʷʢʠʡ ʤʦʞʝ ʥʘʙʫʚʘʪʠ ʟʥʘʯʝʥʥʷ true   ʘʙʦ false . 

  ʇʦʜʠʚʠʤʦʩʴ ʷʢ ʤʦʞʥʘ ʟʫʧʠʥʠʪʠ ʦʙʯʠʩʣʝʥʥʷ, ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʜʦʧʦʤʽʞʥʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ (Auxiliary Sweep). ʅʝʭʘʡ ʟʫʧʠʥʢʘ ʦʙʯʠʩʣʝʥʴ 

ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʥʘ ʦʩʥʦʚʫ ʧʝʨʝʚʠʱʫʻ ʷʢʠʡʩʴ 

ʧʦʨʽʛ, ʥʘʧʨʠʢʣʘʜ, ʙʽʣʴʰʝ 100000 ʅ/ʤ
2. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ zs  ʧʦ ʥʠʞʥʽʡ ʛʨʘʥʽ ʪʽʣʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʟʦʥʜʦʚʽʡ ʟʤʽʥʥʽʡ bnd1. ɿ 

ʪʦʯʥʽʩʪʶ ʜʦ ʟʥʘʢʘ ʮʝ ʻ ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʥʘ ʦʩʥʦʚʫ. 

  ʈʦʟʢʨʠʡʪʝ ʛʽʣʢʫ Study 1 - Solver Configurations ï Solution 1 - Stationary 

Solver 1 ï Parametric  ʽ ʜʦʜʘʡʪʝ ʚ ʥʝʾ ʚʫʟʦʣ Stop Condition  ʢʦʤʘʥʜʦʶ 

Stationary Solver 1 ï Parametric: RMB > Stop Condition 

 

 
ʋ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ  Stop Condition ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ       

 Add, ʨʦʟʪʘʰʦʚʘʥʫ ʥʠʞʯʝ ʨʦʟʜʣ̔ʫ Stop  Expression s, ʽ ʚ ʧʝʨʰʦʤʫ ʨʷʜʢʫ 

ʪʘʙʣʠʮʽ ʚ ʘʢʪʠʚʦʚʘʥʦʤʫ ʧʦʣʽ ʩʪʦʚʧʮʷ Stop expression  ʚʚʝʜʽʪʴ ʚʠʨʘʟ 

   Stop  Expressions  - Stop expression  = comp1.bnd1< - 100000  
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ɺ ʜʨʫʛʦʤʫ ʩʪʦʚʧʮʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫʤʦʚʘ, ʧʨʠ ʷʢʽʡ ʪʨʝʙʘ ʨʦʙʠʪʠ ʟʫʧʠʥʢʫ. 

ʉʦʣʚʝʨ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠ ʚʚʝʜʝʥʠʡ ʚʠʨʘʟ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ 

ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʩʪʦʚʧʮʽ Stop if   ʚʠʟʥʘʯʘʶʪʴ, ʱʦ ʟʫʧʠʥʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ 

ʣʦʛʽʯʥʠʡ ʚʠʨʘʟ ʽʩʪʠʥʥʠʡ (True, Ô1), ʘʙʦ ʭʠʙʥʠʡ (Negative ,<0). 

  ʇʨʘʧʦʨʝʮʴ Add  warning  ʚʢʘʟʫʻ, ʯʠ ʪʨʝʙʘ ʜʨʫʢʫʚʘʪʠ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʢʦʣʠ 

ʫʤʦʚʘ ʟʫʧʠʥʢʠ ʚʠʢʦʥʘʥʘ.  

  ʅʘʣʘʰʪʫʚʘʥʥʷ ʚ ʩʧʠʩʢʫ Add  solution  ʚʠʟʥʘʯʘʶʪʴ, ʱʦ ʨʦʙʠʪʠ ʩʦʣʚʝʨʫ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ:  ʟʘʣʠʰʘʪʠ  ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʚʩʽʭ çʽʩʪʠʥʥʠʭè ʢʨʦʢʽʚ, ʘʙʦ 

ʚʩʽʭ ʢʨʦʢʽʚ, ʚʢʣʶʯʥʦ ʟ ʪʠʤ, ʜʣʷ ʷʢʦʛʦ ʫʤʦʚʘ ʧʦʨʫʰʠʣʘʩʷ. ʅʝʭʘʡ ʙʫʜʝ ʚʠʙʨʘʥʘ 

ʦʧʮʽʷ 

   Output at Stop  - Add solution  = Step before stop  

ʆʪʞʝ ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ ʦʙʯʠʩʣʝʥʥʷ ʧʦʚʠʥʥʽ ʟʫʧʠʥʷʪʠʩʷ, ʢʦʣʠ ʩʝʨʝʜʥ ̒ʥʘʧʨʫʞʝʥʥʷ 

ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʽ ʩʪʘʥʝ ʤʝʥʰʝ  - 100000  ʅ/ʤ
2, ʪʦʙʪʦ ʪʠʩʢ ʥʘ ʦʩʥʦʚʫ ʟʘ ʤʦʜʫʣʝʤ 

ʩʪʘʥʝ ʙʽʣʴʰʝ 100000 ʅ/ʤ
2. 

  ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 
  Home - > Compute 

ʇʦʯʥʝʪʴʩʷ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥ,ɹ ʷʢʠʡ ʟʫʧʠʥʠʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ 

F=60000 . 

  ʑʦʙ ʜʽʟʥʘʪʠʩʷ ʟʥʘʯʝʥʥʷ, ʥʘ ʷʢʦʤʫ ʙʫʣʦ ʟʫʧʠʥʝʥʦ ʦʙʯʠʩʣʝʥʥʷ, ʪʨʝʙʘ 

ʚʽʜʢʨʠʪʠ ʇɺ ʚʫʟʣʘ  Warnings 1 (ʜʠʚ. ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ). ɺ ʨʦʟʜʽʣʽ 

Warnings  ʙʫʜʝ ʥʘʜʨʫʢʦʚʘʥʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʥʘ ʷʢʦʤʫ ʢʨʦʮʽ 

ʩʦʣʚʝʨ ʟʫʧʠʥʠʚʩʷ.  

 
ʎʁ  ̔ʥʬʦʨʤʘʮʽ ʁʪʘʢʦʞ ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʚʽʢʥʽ ʞʫʨʥʘʣʫ/ʨʝʻʩʪʨʫ (Log). ɿʚʠʯʘʡʥʦ, 

ʱʦ ʩʢʦʨʦʪʠʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʪʘʙʣʠʮʽ Probe Table 2. 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʽʜʨʝʜʘʛʦʚʘʥʽ ʥʘʤʠ ʥʘʟʚʠ ʩʪʦʚʧʮʽʚ ʧʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʤʦʜʝʣʽ ʪʨʝʙʘ ʚʽʜʥʦʚʣʶʚʘʪʠ. 

ɿʘʫʚʘʞʝʥʥʷ. ɺʠʨʘʟ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʫʤʦʚʽ ʟʫʧʠʥʢʠ (Stop expression) 

ʧʦʚʠʥʝʥ ʨʦʟʧʽʟʥʘʚʘʪʠʩʷ ʩʦʣʚʝʨʦʤ ʟʘ ʙʫʜʴ ʷʢʠʭ ʦʙʩʪʘʚʠʥ. ɺ ʥʴʦʤʫ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʤʽʥʥʽ ʟ ʛʣʦʙʘʣʴʥʠʤ ʢʦʥʪʝʢʩʪʦʤ ʚʠʜʠʤʦʩʪʽ. ʊʦʙʪʦ ʪʘʤ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʽʤʝʥʘ ʛʣʦʙʘʣʴʥʠʭ ʟʤʥ̔ʥʠʭ, ʘʙʦ ʧʦʚʥ ̔ ʽʤʝʥʘ ʣʦʢʘʣʴʥʠʭ 

ʟʤʽʥʥʠʭ ʟ ʧʨʝʬʽʢʩʦʤ ï ʽʤôʷʤ  ʢʦʤʧʦʥʝʥʪʘ. 

  ɿʘʣʠʰʠʤʦ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʚʫʟʦʣ   Stop Condition, ʘʣʝ ʜʝʘʢʪʠʚʫʻʤʦ ʡʦʛʦ, 

ʱʦʙ ʟʫʧʠʥʢʘ ʦʙʯʠʩʣʝʥʴ ʥʝ ʚʽʜʙʫʚʘʣʘʩʷ.  

Study 1 - Solver Configurations ï Solution 1 - Stationary Solver 1 ï  

             Parametric - Stop Condition 1: RMB > Disable 
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ʇʽʜʙʽʨ ʟʤʽʥʥʠʭ. ʂʦʣʠ ʤʠ ʢʘʞʝʤʦ ʧʨʦ ʟʤʽʥʥʽ ʟʘʜʘʯʽ, ʪʦ ʤʘʻʤʦ ʥʘ ʫʚʘʟʽ ʥʝ ʪʽʣʴʢʠ 

ʪʽ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʫ ʚʫʟʣʘʭ Variables. ʏʘʩʦʤ ʥʘʤ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʟʤʽʥʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʧʨʦʩʪʠʡ ʚʠʨʘʟ. ɰʭ ʪʨʝʙʘ ʟʥʘʭʦʜʠʪʠ, 

ʨʦʟʚôʷʟʫʶʯʠ ʘʣʛʝʙʨʘʯʾʥʽ ʘʙʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ. 

  ʇʦʩʪʘʚʠʤʦ ʪʘʢʝ ʧʠʪʘʥʥʷ, ʷʢʠʤ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ ʥʘ ʚʝʨʭʥʶ 

ʛʨʘʥʴ, ʱʦʙ ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʥʘ ʦʩʥʦʚʫ ʜʦʨʽʚʥʶʚʘʚ 100000 ʅ/ʤ
2. ʇʦʧʝʨʝʜʥʽʡ 

ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʟ ʟʫʧʠʥʢʦʶ ʦʙʯʠʩʣʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʚʽʥ ʙʫʜʝ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ  60000 ʅ/ʤ
2  ʜʦ 70000 ʅ/ʤ

2. ɸʣʝ ʷʢ ʡʦʛʦ ʟʥʘʡʪʠ 

ʪʦʯʥʽʰʝ. 

  ʉʧʦʯʘʪʢʫ ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ ʚʽʜʢʣʶʯʠʤʦ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ.  

Study 1 ï Step 1: Stationary: 

   Study Extensions ï Auxiliary sweep = False  

ʽ ʚʠʢʦʥʘʻʤʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʤʘʥʜʦʶ 
  Home - > Compute 

ɿʘʜʘʯʘ ʙʫʜʝ ʨʦʟʚôʷʟʘʥʘ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʪʠʩʢʫ 10000  ʅ/ʤ
2, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʯʘʪʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ F. ɹʫʜʫʪʴ ʪʘʢʦʞ ʦʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʚʩʽʭ 

ʟʦʥʜʽʚ, ʘʣʝ ʟʘʨʘʟ ʚʦʥʠ ʚʞʝ ʥʝ ʙʫʜʫʪʴ ʬʫʥʢʮʽʷʤʠ ʧʘʨʘʤʝʪʨʘ, ʘ ʙʫʜʫʪʴ ʩʪʘʣʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ. ɿʦʥʜʦʚʽ ʢʨʠʚʽ ʚ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ Probe Plot Group 14 

ʧʝʨʝʪʚʦʨʷʪʴʩʷ ʥʘ ʪʦʯʢʠ. 

ɿʘʫʚʘʞʝʥʥʷ. ɿʦʥʜʠ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʚ ʩʪʘʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʦʥʜʠ ʷʚʣʷʶʪʴ ʩʪʘʣʽ ʚʝʣʠʯʠʥʠ. 

ʇʽʩʣʷ ʧʝʨʝʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ ʚ ʪʘʙʣʠʮʽ Probe Table 2 ʚ ʧʝʨʰʽʡ ʢʦʣʦʥʮʽ ʙʫʜʝ 

ʥʘʜʨʫʢʦʚʘʥʦ ʟʥʘʯʝʥʥʷ - 42991  ʟʦʥʜʦʚʦʾ ʟʤʽʥʥʦʾ  bnd1, ʷʢʘ ʤʽʩʪʠʪʴ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ zs  ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʽ ʪʽʣʘ. ʈʽʟʥʠʮʷ ʤʽʞ ʙʘʞʘʥʠʤ ʩʝʨʝʜʥʽʤ 

ʟʥʘʯʝʥʥʷʤ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʫ ʽ ʨʝʘʣʴʥʠʤ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʜʦʨʽʚʥʶʻ 

57009429911000001bnd100000 =-=- . 

ʅʘʤ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʾʾ ʥʫʣʴʦʚʦʶ. 

  ʉʪʚʦʨʠʤʦ ʟʤʽʥʥʫ, ʷʢʘ ʙʫʜʝ ʤʽʩʪʠʪʠ ʰʫʢʘʥʝ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ. 

ʅʘʟʚʝʤʦ ʾʾ Fout . ʎʶ, ʧʦʢʠ ʱʦ ʥʝʚʽʜʦʤʫ ʚʝʣʠʯʠʥʫ (ʪʠʩʢ ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ), ʪʨʝʙʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʛʨʘʥʠʯʥʽʡ ʫʤʦʚʽ ʫ ʚʫʟʣʽ Boundary Load.  

  ɺʽʜʢʨʠʡʪʝ ʇɺ ʚʫʟʣʘ Component 1 - Solid Mechanics (solid) - Boundary 

Load 1 ʽ ʚʚʝʜʽʪʴ: 

   Force ï FA = 0,0, - Fout           (ʪʨʠ ʧʦʣʷ) 

ʆʩʢʽʣʴʢʠ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ Fout   ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ ʩʧʨʷʤʦʚʘʥʠʡ ʚʥʠʟ (ʧʨʦʪʠ 

ʥʘʧʨʷʤʫ ʚʽʩʽ Z), ʪʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʥʘʢ ʤʽʥʫʩ.  

  ɼʦʜʘʤʦ ʚ ʥʘʰʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʥʦʚʦʾ ʟʤʽʥʥʦʾ Fout . ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

   Physics  - > Global  ï Global Equations 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Solid Mechanics (solid) - Global Equations 1 ʚ ʪʘʙʣʠʮʽ 

ʨʽʚʥʷʥʴ ʚʚʝʜʽʪʴ: 

   Global Equations ï Name = Fout   

    Global Equations ï f(u,ut,utt,t)(1)  = 100000[N/m^2]+comp1.bnd1  
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ʊʫʪ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʟʥʘʢ ʧʣʶʩ ʪʦʤʫ, ʱʦ ʟʤʽʥʥʘ bnd1 ʥʘʩʧʨʘʚʜʽ ʚʽʜô̒ ʤʥʘ. 

  ʑʦʙ ʚʚʝʜʝʥʥʷ ʩʪʘʣʦ ʜʦʩʪʫʧʥʠʤ, ʧʦʪʨʽʙʥʦ ʢʣʘʮʥʫʪʠ ʧʦ ʧʝʨʰʦʤʫ ʨʷʜʢʫ ʚ 

ʪʘʙʣʠʮʽ ʨʽʚʥʷʥʴ. ʇʦʪʽʤ ʚ ʩʪʦʚʧʮʽ Name  ʪʨʝʙʘ ʚʚʝʩʪʠ ʽʤôʷ ʟʤʽʥʥʦʾ, ʘ ʚ ʜʨʫʛʦʤʫ 

ʩʪʦʚʧʮʽ ï ʚʠʨʘʟ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʦʙʝʨʥʫʪʠʩʷ ʥʘ ʥʫʣʴ. ʉʢʦʨʽʰ ʟʘ ʚʩʝ ʚʠʨʘʟ ʙʫʜʝ 

ʚʠʜʽʣʝʥʦ ʧʦʤʘʨʘʥʯʝʚʠʤ ʢʦʣʴʦʨʦʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʤʽʨʥʦʩʪʽ ʚʝʣʠʯʠʥ 

ʥʝʚʠʟʥʘʯʝʥʽ. ʑʦʙ ʟʘʜʘʪʠ ʨʦʟʤʽʨʥʦʩʪʽ ʟʤʽʥʥʦʾ  Fout    ̔ʚʠʨʘʟʫ f(u,ut,utt,t)  

ʟʘʧʦʚʥʽʪʴ ʨʦʟʜʽʣ Units  ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ʈʦʟʤʽʨʥʽʩʪʴ ʟʘʣʝʞʥʦʾ (ʰʫʢʘʥʦʾ) ʟʤʽʥʥʦʾ ʟʘʜʘʻʪʴʩʷ ʚ ʧʦʣʽ Units - Dependent 

variable quantity , ʘ ʨʦʟʤʽʨʥʽʩʪʴ ʚʠʨʘʟʫ f(u,ut,utt,t)  -  ʚ ʧʦʣʽ  Units -

Source term quantity . 

  ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʠ ʜʦʜʘʣʠ ʚ ʟʘʜʘʯʫ ʨʽʚʥʷʥʥʷ ( ) 0Fout1bnd100000 =-  ʽ 

ʜʦʜʘʪʢʦʚʫ ʥʝʚʽʜʦʤʫ Fout . ʊʝʧʝʨ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

  Home - > Compute 

ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚ ʧʝʨʰʦʤʫ ʩʪʦʚʧʮʽ ʪʘʙʣʠʮʽ Probe Table 2 ʙʫʜʝ ʩʪʦʷʪʠ 

ʟʥʘʯʝʥʥʷ - 1.0000E5  ʟʦʥʜʦʚʦʾ ʟʤʽʥʥʦʾ bnd1. ʊʦʙʪʦ ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʥʘ ʦʩʥʦʚʫ 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ 100000[ N/ m̂2] . 

  ʑʦʙ ʥʘʜʨʫʢʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʥʝʚʽʜʦʤʦʾ Fout , ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ: 

   Results  ->  Derived Values  ï Global Evaluation 

Results - Derived Values - Global Evaluation 6: 

   Expression ï Expression = comp1.Fout  

  LMB > Evaluate ï New Table 

ɹʫʜʝ ʩʪʚʦʨʝʥʘ ʪʘʙʣʠʮʷ Table 3 ʟʽ ʟʥʘʯʝʥʥʷʤ ʟʤʽʥʥʦʾ Fout =67070. ʗʢʱʦ ʮʝ 

ʯʠʩʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʛʨʘʥʠʯʥʽʡ ʫʤʦʚʽ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ 

ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʥʘ ʦʩʥʦʚʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʙʘʞʘʥʦʤʫ 100000 ʅ/ʤ2. ʇʦ-ʧʝʨʰʝ, ʮʝ 

ʟʨʦʟʫʤʽʣʦ ʟʽ ʟʥʘʯʝʥʥʷ ʟʦʥʜʦʚʦʾ ʟʤʽʥʥʦʾ bnd1, ʷʢʝ ʥʘʜʨʫʢʦʚʘʥʦ ʚ ʪʘʙʣʠʮʽ Probe 

Table 2. ʇʦ-ʜʨʫʛʝ, ʮʝ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ, ʷʢʱʦ ʟʨʦʙʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʟʘʜʘʯʽ ʧʨʠ 

ʟʦʚʥʽʰʥʴʦʤʫ ʪʠʩʢʫ ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ 67070 ʅ/ʤ
2.   
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  ɼʝʘʢʪʠʚʫʡʪʝ ʚʫʟʣʠ Derived Values - Global Evaluation 6 ʪʘ Solid 

Mechanics (solid) - Global Equations 1. ɸ ʚ ʇɺ ʚʫʟʣʘ Solid Mechanics (solid) - 

Boundary Load 1 ʚʚʝʜʽʪʴ 

   Force  ï FA = 0,0, -  67070           (ʪʨʠ ʧʦʣʷ) 

ʇʝʨʝʦʙʯʠʩʣʽʪʴ ʟʘʜʘʯʫ ʢʦʤʘʥʜʦʶ 

   Study 1: RMB > Compute 
ʇʦʪʽʤ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ  

Derived Values - Boundary Probe 1: LMB > Evaluate ï Table 3 

ɺ ʜʨʫʛʦʤʫ ʩʪʦʚʧʮ ̔ʪʘʙʣʠʮʽ  Table 3  ʟ'ʷʚʠʪʴʩʷ ʙʘʞʘʥʝ ʟʥʘʯʝʥʥʷ - 1.0000 E5  

ʩʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ zs  ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʽ ʪʽʣʘ. ɿʘ ʤʦʜʫʣʝʤ ʚʦʥʦ ʩʧʽʚʧʘʜʘʻ ʟ 

ʩʝʨʝʜʥʽʤ ʪʠʩʢʦʤ ʥʘ ʦʩʥʦʚʫ.  

 
ʊʝʧʝʨ ʤʦʞʝʪʝ ʧʦʚʝʨʥʫʪʠ ʤʦʜʝʣʴ ʚ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʥ, ʚʠʢʦʥʘʚʰʠ ʩʢʘʩʫʚʘʥʥʷ 

ʦʩʪʘʥʥʽʭ ʽʥʩʪʨʫʢʮʽʡ ʜʝʘʢʪʠʚʘʮʽʾ, ʽ ʧʦʚʝʨʥʫʚʰʠ ʚ ʛʨʘʥʠʯʥʽʡ ʫʤʦʚʽ ʚʫʟʣʘ 

Boundary Load 1  ʥʘʚʘʥʪʘʞʝʥʥʷ Fout .  

ɿʤʽʥʥʽ ʤʘʩʠ (mass properties). 

ɺ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʤʠ ʩʪʚʦʨʠʣʠ ʙʘʛʘʪʦ ʟʤʽʥʥʠʭ, ʷʢʽ ʟʙʝʨʽʛʘʣʠ ʪʘʢʽ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʣʘ, ʷʢ ʦʙôʻʤ ʪʘ ʤʘʩʘ. ʎʽ ʚʝʣʠʯʠʥʠ ʧʦʪʨʽʙʥʽ ʜʦʩʠʪʴ 

ʯʘʩʪʦ, ʽ ʨʦʟʨʦʙʥʠʢʠ ʩʠʩʪʝʤʠ ʮʝ ʧʝʨʝʜʙʘʯʠʣʠ. ʑʦʙ ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʟʤʽʥʥʽ 

ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʥʘʪʠ ʢʦʤʘʥʜʫ 

  Definitions  -> Mass properties  ï Mass properties 

ɺ ʛʽʣʮʽ Component ï Definitions ʩʪʚʦʨʶʻʪʴʩʷ ʚʫʟʦʣ Mass Properties 1 (mass1), 

ʷʢʠʡ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʛʨʫʧʫ ʤʝʭʘʥʽʯʥʠʭ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪʘ. ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ ʚ ʨʦʟʜʽʣʽ Source  Selection  ʚʢʘʟʫʻʪʴʩʷ 

ʨʽʚʝʥʴ ʛʝʦʤʝʪʨʽʾ (Domain , Boundary , Edge ʘʙʦ Point ) ʽ ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ï 

ʤʥʦʞʠʥʘ, ʜʣʷ ʷʢʦʾ ʙʫʜʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʦʙʯʠʩʣʝʥʥʷ. ɼʣʷ ʧʦʰʫʢʫ ʤʘʩʠ ʻ ʨʦʟʜʽʣ, 

ʚ ʷʢʦʤʫ ʟʘʜʘʻʪʴʩʷ ʛʫʩʪʠʥʘ ʨʝʯʦʚʠʥʠ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʮʴʦʛʦ ʚʫʟʣʘ ʤʦʞʥʘ 

ʦʙʯʠʩʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʦʙôʻʤ ʪʘ ʤʘʩʫ ʪʽʣʘ; ʮʝʥʪʨ ʤʘʩ; ʪʝʥʟʦʨ 

ʽʥʝʨʮʽʾ ʪʘ ʡʦʛʦ ʛʦʣʦʚʥʽ ʦʩʽ. ʗʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʯʠʩʣʶʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ ʚ 

ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ ʚʢʘʟʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʘʧʦʨʮʷʤʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚʥʠʟʫ ʇɺ 

ʚʫʟʣʘ Mass Properties 1(mass1). 
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ɿʤʽʥʥʽ ʤʘʩʠ ʩʪʘʶʪʴ ʜʦʩʪʫʧʥʠʤʠ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʘʙʦ ʦʥʦʚʣʝʥʥʷ ʦʙʯʠʩʣʝʥʴ.  

   Study 1: RMB > Update Solution 

 ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʶʁʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʤʽʥʥʽ: 

ɺʝʣʠʯʠʥʘ ɯʤôʷ ʟʤʽʥʥʦʾ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʆʙôʻʤ mass1.volume  

ʄʘʩʘ mass1.mass  

ʎʝʥʪʨ ʤʘʩ mass1.CMX, mass1.CMY, mass1.CMZ  

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ mass1.IXX, mass1. I XY, mass1. I XZ ...  

ɻʦʣʦʚʥʽ ʦʩʽ ʽʥʝʨʮʽʾ mass1.Ip1X, mass1.Ip2Y ...  

ɻʦʣʦʚʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ mass1.Ip1, mass1.Ip2, mass1.Ip3  

ɼʣʷ ʪʨʝʥʫʚʘʥʥʷ ʥʘʜʨʫʢʫʻʤʦ ʦʙôʻʤ ʥʘʰʦʛʦ ʪʽʣʘ, ʦʙʯʠʩʣʠʚʰʠ ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʤʽʥʥʦʾ mass1. volume . 

   Results  ->  Derived Values  ï Global Evaluation 

Results - Derived Values - Global Evaluation 7: 

   Expression ï Expression = comp1.mass1.volume  

  LMB> Evaluate ï Table 1 

 
ɺ ʧʝʨʰʠʭ ʢʦʤʽʨʢʘʭ ʪʘʙʣʠʮʽ Table 1 ʚʞʝ ʙʫʣʦ ʥʘʜʨʫʢʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʦʙôʤ̒ʫ ʽ 

ʚʦʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʪʠʤ, ʱʦ ʤʠ ʟʘʨʘʟ ʦʪʨʠʤʘʣʠ. 
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ɿʘʫʚʘʞʝʥʥʷ 1. ɺ ʢʦʤʧʦʥʝʥʪʽ ʤʦʞʝ ʙʫʪʠ ʢʽʣʴʢʘ ʚʫʟʣʽʚ Mass Properties . 

ɿʘʫʚʘʞʝʥʥʷ 2. ɺ ʜʚʦʚʠʤʽʨʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʬʽʛʫʨʠ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʤʽʥʥʘ  mass1.area . 

 

ʇʽʜʚʝʜʝʤʦ ʢʦʨʦʪʢʠʡ ʧʽʜʩʫʤʦʢ. ɺ ʣʦʢʘʣʴʥʠʭ ʚʫʟʣʘʭ Definitions ʩʪʚʦʨʶʶʪʴʩʷ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʢʦʤʧʦʥʝʥʪʦʤ: ʟʤʽʥʥʽ, ʬʫʥʢʮʽʾ, 

ʦʧʝʨʘʪʦʨʠ, ʟʦʥʜʠ, ʤʘʩʠ. ɺʩʽ ʮʽ ʦʙ'ʻʢʪʠ ʤʘʶʪʴ ʽʤʝʥʘ, ʽ ʟʚʝʨʥʝʥʥʷ ʜʦ ʥʠʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʢʦʚʦʾ ʥʦʪʘʮʽʾ. ʑʦʙ ʧʨʠʡʥʷʪʠ ʜʦʜʘʥʽ 

ʚʠʟʥʘʯʝʥʥʷ ʜʦ ʫʚʘʛʠ ʧʦʪʨʽʙʥʦ ʦʥʦʚʠʪʠ ʦʙʯʠʩʣʝʥʥʷ. 

  ʉʢʘʣʷʨʥʽ ʟʤʽʥʥʽ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʚ ʤʦʜʝʣ ɹʷʢ ʥʝʚʽʜʦʤʽ ʘʣʛʝʙʨʘʾʯʥʠʭ ʘʙʦ 

ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ Global 

Equations .  

 

 

1.5.5. ʇʦʙʫʜʦʚʘ ʛʝʦʤʝʪʨʽʾ. 

ʇʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ, ʷʢʫ ʤʠ ʯʘʩʪʦ ʥʘʟʠʚʘʻʤʦ ʛʝʦʤʝʪʨʽʻʶ, ʻ ʦʜʥʠʤ ʟ 

ʧʝʨʰʠʭ ʢʨʦʢʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚ COMSOL Multiphysics. ɺ ʩʠʩʪʝʤʽ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʦʧʝʨʘʮʽʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʮʴʦʛʦ. 

  ɻʦʣʦʚʥʠʤʠ ʢʨʦʢʘʤʠ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʻ: 

¶ ʢʨʝʩʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ (ʾʭ ʥʘʙʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ); 

¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʧʝʨʘʮʽʡ (ʙʫʣʝʚʠʭ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʽʥ.) ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʽʛʫʨ ʟ ʚʞʝ ʧʦʙʫʜʦʚʘʥʠʭ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʣʫʯʝʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʚʝʨʰʘʣʴʥʦʾ ʦʧʝʨʘʮʽʾ Form Union ʘʙʦ Form Assembly.   

ɺʩʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ, ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʩʪʨʽʯʮʽ 

Geometry  (ʧʘʥʝʣʴ ʢʨʝʩʣʝʥʥʷ) . ɼʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʩʪʨʽʯʢʠ Geometry  ʧʦʢʘʟʘʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ʊʘʤ ʞʝ ʟʦʙʨʘʞʝʥʦ ʚʤʽʩʪ 

ʪʨʴʦʭ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʛʨʫʧ ʢʦʤʘʥʜ (ʤʝʥʶ): Primitives , 

Booleans and Partitions  ʪʘ Transforms . ɿ ʤʦʞʣʠʚʦʩʪʷʤʠ ʜʝʷʢʠʭ ʟ ʥʠʭ ʚʠ 

ʚʞʝ ʧʦʟʥʘʡʦʤʠʣʠʩʷ. 
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ʆʩʥʦʚʦʶ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʻ çʩʦʣʽʜʥʽè (solid) ʦʙ'ʻʢʪʠ. ʎʝʡ ʪʝʨʤʽʥ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʪʦʩʦʚʥʦ ʬʽʛʫʨ ʥʘ ʧʣʦʱʠʥʽ, ʱʦ ʤʘʶʪʴ ʩʢʽʥʯʝʥʥʫ ʧʣʦʱʫ, ʽ ʜʦ 

ʪʽʣ ʚ ʧʨʦʩʪʦʨʽ, ʷʢʽ ʤʘʶʪʴ ʩʢʽʥʯʝʥʥʠʡ ʦʙôʻʤ. ʉʦʣʽʜʥʽ ʦʙ'ʻʢʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʛʨʘʥʠʯʥʦʾ ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʽ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʪʁʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʚʣʘʩʥʠʭ 

ʛʨʘʥʠʮʴ. ɯʥʦʜʽ ʩʦʣʽʜʥʠʡ ʦʙ'ʻʢʪ ʤʘʻ ʚʥʫʪʨʽʰʥʽ ʤʝʞʽ, ʱʦ ʨʦʟʜʽʣʷʶʪʴ ʡʦʛʦ 

ʧ̔ʜʦʙʣʘʩʪ,̔ ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʜʘʥʽ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʦ ʉʢɽ 

ʩʽʪʢʘ.  

  ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʚʠʙʦʨʽ 

ʦʙôʻʢʪʘ ʟ ʚʙʫʜʦʚʘʥʦʛʦ ʩʧʠʩʢʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ 

ʧʨʠʤʽʪʠʚʘʤʠ. ʇʨʠ ʚʠʙʦʨʽ ʢʦʤʘʥʜʠ ʟ ʛʨʫʧʠ ʧʨʠʤʽʪʠʚʽʚ (Primitives ) ʩʠʩʪʝʤʘ 

ʩʪʚʦʨʶ ̒ʚʫʟʦʣ ɼʄ ʽ ʜʦʜʘʻ ʢʨʝʩʣʝʥʥʷ ʬʽʛʫʨʠ ʚ ʛʝʦʤʝʪʨʽʶ. ʇʽʩʣʷ ʮʴʦʛʦ ʚ ʇɺ 

ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ ʤʦʞʥʘ ʥʘʣʘʰʪʫʚʘʪʠ ʨʦʟʤʽʨʠ ʽ ʧʦʣʦʞʝʥʥʷ ʬʽʛʫʨʠ.  

  ɯʥʰʠʡ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʜʦʩʪʫʧʥʠʡ ʚ 2D ʽ 1D 

ʤʦʜʝʣʷʭ, ʧʦʣʷʛʘʻ ʚ ʢʨʝʩʣʝʥʥ ̔ ʧʨʠʤʽʪʠʚʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʠʰʽ. ɺʽʜʧʦʚʽʜʥʽ 

ʽʥʩʪʨʫʢʮʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʛʨʫʧʽ ʢʦʤʘʥʜ Draw. ɺʦʥʠ ʚʠʢʦʥʫʪʁʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

¶ ʢʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ ʬʽʛʫʨʠ, ʷʢʫ ʩʣʽʜ ʩʪʚʦʨʠʪʠ; 

¶ ʥʘʪʠʩʥʽʪʴ ʣʽʚʫ ʢʥʦʧʢʫ ʤʠʰ̔ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʝʥʪʨʘ ʘʙʦ 

ʢʫʪʘ ʬʽʛʫʨʠ;  

¶ ʧʨʦʪʷʛʥʽʪʴ ʤʠʰʫ (ʟ ʥʘʪʠʩʥʫʪʦʶ ʢʥʦʧʢʦʶ), ʟʘʜʘʚʰʠ ʙʘʞʘʥʠʡ ʨʦʟʤʽʨ, ʽ 

ʚʽʜʧʫʩʪʽʪʴ  ʤʠʫh; ʬʽʛʫʨʘ ʥʝʛʘʡʥʦ ʟôʷʚʠʪʴʩʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ, ʘ ʾʾ ʚʫʟʦʣ ʚ 

ʜʝʨʝʚʽ ʤʦʜʝʣʽ; 

¶ ʷʢʱʦ ʪʨʝʙʘ, ʚʽʜʨʝʜʘʛʫʡʪʝ ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʛʫʨʠ ʫ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʢʽʣʴʢʦʭ ʬʽʛʫʨ ʤʦʞʥʘ ʧʦʯʘʪʠ ʢʦʤʙʽʥʫʚʘʪʠ ʾʭ ʙʘʛʘʪʴʤʘ 

ʩʧʦʩʦʙʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʝʦʤʝʪʨʠʯʥʽ ʦʧʝʨʘʮʽʾ. ɹʫʣʝʚʽ (boolean) ʦʧʝʨʘʮʽʾ 

ʦʙôʻʜʥʘʥʥʷ (union), ʧʝʨʝʪʠʥʫ (intersection) ʪʘ ʨʽʟʥʠʮ ̔(difference), 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʤʙʽʥʫʚʘʥʥʷ ʬʽʛʫʨ, ʩʪʚʦʨʶʶʯʠ ʟ ʥʠʭ ʥʦʚʽ ʙʽʣʴʰ 

ʩʢʣʘʜʥʽ ʦʙôʻʢʪʠ. ʆʧʝʨʘʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ (transformation) -  Move, Copy, Mirror ʪʘ 

Array ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʠʪʠ ʧʦʣʦʞʝʥʥʷ (Move) ʬʽʛʫʨʠ, ʩʪʚʦʨʠʪʠ ʾʾ ʢʦʧʽʶ (Copy), 

ʜʟʝʨʢʘʣʴʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ, ʣʽʥʽʾ ʯʠ ʧʣʦʱʠʥʠ (Mirror), ʘʙʦ 

ʨʦʟʤʥʦʞʠʪʠ ʾʾ ʢʦʧʽʾ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ (Array).  

  ɺ 3D  ʤʦʜʝʣʷʭ ʚʠ ʥʝ ʤʦʞʝʪʝ ʢʨʝʩʣʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ ʤʠʰʝʶ, ʘʣʝ 

ʤʦʞʝʪʝ ʩʪʚʦʨʶʚʘʪʠ ʧʦʧʝʨʝʯʥ ̔ʧʝʨʝʨʽʟʠ ʥʘ ʨʦʙʦʯʠʭ ʧʣʦʱʠʥʘʭ, ʷʢ ̔ʧʦʪʽʤ ʤʦʞʝʪʝ 

ʧʦʰʠʨʶʚʘʪʠ ʚ 3D ʦʙôʻʢʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

¶ ʦʧʝʨʘʮʽʷ ʚʠʪʷʛʫʚʘʥʥʷ (Extrude) ʜʦʟʚʦʣʷʻ ʧʦʰʠʨʠʪʠ ʦʙôʻʢʪ, ʱʦ ʩʪʚʦʨʝʥʠʡ 

ʚ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ ʘʙʦ ʥʘ ʧʣʦʩʢʽʡ ʛʨʘʥʽ, ʚ ʪʨʠʚʠʤʽʨʥʝ ʪʽʣʦ; 

¶ ʦʧʝʨʘʮʽ ̫ ʦʙʝʨʪʘʥʥʷ (Revolve) ʥʘʚʢʦʣʦ ʚʽʩʽ ʩʪʚʦʨʶ ̒ ʟ 2D ʬʽʛʫʨʠ 

ʪʨʠʚʠʤʽʨʥʝ ʪʽʣʦ; 

¶ ʦʧʝʨʘʮʽʷ ʨʦʟʛʦʨʪʘʥʥʷ (Sweep) ʚʠʢʦʥʫʻ ʧʝʨʝʥʝʩʝʥʥʷ ʟ ʟʘʤʽʪʘʥʥʷʤ 2D 

ʬʽʛʫʨʠ ʚʟʜʦʚʞ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʰʣʷʭʫ, ʩʪʚʦʨʶʶʯʠ ʪʨʠʚʠʤʽʨʥʠʡ ʦʙôʻʢʪ.  

ɯʥʰʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʤʝʞʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʽʣʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠ 

ʷʚʥʦ ʢʦʥʩʪʨʫʶʻʪʝ ʟʘʤʢʥʫʪʫ ʧʦʚʝʨʭʥʶ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʧʨʦʨʠʩʦʚʫʶʯʠ ʢʦʞʥʫ ʡʦʛʦ 

ʛʨʘʥʴ. ʇʦʪʽʤ ʪʘʢʘ ʧʦʚʝʨʭʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʚʝʨʜʝ ʪʽʣʦ. ʎʝʡ ʩʧʦʩʽʙ 

ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʥʠʯʥʠʤ (ʘʙʦ ʧʦʚʝʨʭʥʝʚʠʤ) ʤʦʜʝʣʶʚʘʥʥʷʤ. ɻʨʘʥʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʷʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʜʚʦʚʠʤʽʨʥʦʤʫ ʢʨʝʩʣʝʥʥʽ, ʢʦʣʠ 

ʚʢʣʶʯʝʥʠʡ Solid ʨʝʞʠʤ. ʗʢʱʦ ʥʘ ʥ̔ʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʘʥʝʣʽ Geometry  (ʚ 2D 

ʨʝʞʠʤʽ) ʥʘʪʠʩʥʫʪʘ ʢʥʦʧʢʘ  Solid, ʪʦ ʧʨʠ ʢʨʝʩʣʝʥʥʽ ʥʘ ʧʣʦʱʠʥʽ ʟʘʤʢʥʫʪʠʭ 

ʢʨʠʚʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʦʚʠʤʽʨʥʽ ʩʦʣʽʜʥʽ ʦʙôʻʢʪʠ. 

  ɿʚ̔ʩʥʦ, ʱʦ ʨʦʟʤʽʨʠ ʪʘ ʧʦʣʦʞʝʥʥ ̫ʬʽʛʫʨ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʛʣʦʙʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ. 

  ɺʩʽ ʜʽʾ ʧʦ ʩʪʚʦʨʝʥʥʶ ʛʝʦʤʝʪʨʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʛʽʣʮʽ Geometry ʜʝʨʝʚʘ 

ʤʦʜʝʣʝʡ, ʷʢʘ ʬʘʢʪʠʯʥʦ ʤʽʩʪʠʪʴ ʩʧʠʩʦʢ ʽʥʩʪʨʫʢʮʽʡ ʢʨʝʩʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʦʙʣʘʩʪʽ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥ ̔ʛʝʦʤʝʪʨʽʾ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʧʦʙʫʜʦʚʠ ʟ 

ʮʴʦʛʦ ʩʧʠʩʢʫ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʚʝʨʭʫ ʚʥʠʟ. ʆʪʞʝ ʢʨʤ̔ ʩʪʚʦʨʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʛʝʦʤʝʪʨʽʾ ʚ ʛʽʣʮʽ Geometry ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʾʭ ʧʦʙʫʜʦʚʠ ʽ 

ʢʦʤʙʽʥʫʚʘʥʥʷ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʇɺ ʩʘʤʦʛʦ ʚʫʟʣʘ Geometry ʤʽʩʪʽʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʞʠʥ ʪʘ ʢʫʪʽʚ. 

  ʇʨʠ ʨʦʙʦʪʽ ʟ ʛʝʦʤʝʪʨʠʯʥʦʶ ʛʽʣʢʦʶ ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʪʘʥʜʘʨʪʥʽ ʦʧʝʨʘʮʽʾ ʨʦʙʦʪʠ ʟ ʙʫʬʝʨʦʤ: ʢʦʧʽʶʚʘʥʥʷ ʽ ʚʩʪʘʚʢʫ ʚʫʟʣʽʚ-ʽʥʩʪʨʫʢʮʽʡ. 

ɸʣʝ ʩʢʦʧʽʡʦʚʘʥʠʡ ʦʙ'ʻʢʪ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʚʣʝʥʠʡ ʪʽʣʴʢʠ ʚ ʛʝʦʤʝʪʨʠʯʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʜʝʥʪʠʯʥʦ ʾʨʦʟʤʽʨʥʦʩʪʽ. 

  ʆʩʪʘʥʥʽʡ ʚʫʟʦʣ Form Union/Assembly ʛʽʣʢʠ Geometry ʚʠʟʥʘʯʘʻ 

ʟʘʚʝʨʰʘʣʴʥʠʡ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ.  

¶ ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʜʥʘʥʥʷ (union). ʊʦʜʽ 

ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʣʦʛʽʯʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʪʦʙʪʦ 

ʩʪʚʦʨʶʻ ʩʫʮʽʣʴʥʝ ʪʽʣʦ. ɯʥʢʦʣʠ ʚʦʥʦ ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʝ ʥʘ ʦʙʣʘʩʪʽ, 

ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʥʫʪʨʽʰʥʽʤʠ ʤʝʞʘʤʠ, ʷʢʽ ʧʨʠʟʥʘʯʝʥ,̔ ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʟʘʜʘʥʥ ̫ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʜʥʘʥʠʭ ʯʘʩʪʠʥ. 

¶ ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʟʙʽʨʢʘ (assembly). ʊʦʜʽ ʩʠʩʪʝʤʘ ʽʥʪʝʨʧʨʝʪʫʻ ʛʝʦʤʝʪʨʽʶ 

ʷʢ ʢʦʣʝʢʮʽʶ ʦʙ'ʻʢʪʽʚ (ʟʘʤʽʩʪʴ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ 

ʩʘʤ ʙʫʜʝ ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʦʙʠ ʟʚôʷʟʢʫ ʨʦʟʨʽʟʥʝʥʠʭ ʪʽʣ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ çʧʘʨʘʤʠè (pairs). ʇʘʨʠ, ʥʘʧʨʠʢʣʘʜ, ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʘʪʠ ʤʝʞʽ, ʜʝ ʰʫʢʘʥʝ ʧʦʣʝ ʥʝʧʝʨʝʨʚʥʦ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʘʨʠ 

ʩʪʚʦʨʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʙʽʨʢʠ. 

ɺ ʛʽʣʮʽ Geometry ʧ̔ ʩʣʷ ʚʫʟʣʘ Form Union/Assembly ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʣʠʰʝ ʚʫʟʣʠ ʚʽʨʪʫʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʩʥʫʶʯʝ ʛʝʦʤʝʪʨʠʯʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʷʢ ʙʘʟʦʚʝ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʚʠʢʣʶʯʥʦ ʜʦ ʮʽʣʝʡ  ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽ ʧʦʩʪʘʥʦʚʢʠ ʬʽʟʠʯʥʦʾ ʟʘʜʘʯʽ.  

  ʂʥʦʧʢʘ Build All ʚ ʚʛʦʨʽ ʇɺ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʚʫʟʣʘ ʙʫʜʫʻ ʚʩʽ ʦʙ'ʻʢʪʠ ʧʦʪʦʯʥʦ ʾ

ʛʝʦʤʝʪʨʽʾ. 

ʇʨʠʢʣʘʜ 1. ʇʦʙʫʜʫʻʤʦ ʪʽʣʦ, ʷʢʝ ʟʦʙʨʘʞʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ʉʪʚʦʨʽʪʴ ʧʦʨʦʞʥʶ ʤʦʜʝʣʴ. 
   File->New->Blank Model  
ɼʦʜʘʡʪʝ ʚ ʤʦʜʝʣʴ ʪʨʠʚʠʤʽʨʥʠʡ ʢʦʤʧʦʥʝʥʪ. 

Untitled.mph (root) : RMB > Add Component ->3D 
ɿôʷʚʠʪʴʩʷ ʛʽʣʢʘ Component 1 ʟ ʚʫʟʣʦʤ Geometry 1. ʂʨʝʩʣʝʥʥʷ ʬʽʛʫʨʠ ʚ ʮʴʦʤʫ 

ʚʫʟʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʢʨʦʢʽʚ. 

1. ʉʪʚʦʨʝʥʥʷ ʨʦʙʦʯʦʾ ʧʣʦʱʠʥʠ. ʇʨʠ ʘʢʪʠʚʥʦʤʫ ʚʫʟʣʽ Geometry 1 ʚʠʢʦʥʘʡʪʝ 

ʢʦʤʘʥʜʫ   
   Geometry - >Work Plane - >Work Plane 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Work  Plane 1 ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʠʰʪʝ ʙʝʟ ʟʤʽʥ. ɺʦʥʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʤʫ, ʱʦ ʨʦʙʦʯʘ ʧʣʦʱʠʥʘ ʙʫʜʝ ʩʧʽʚʧʘʜʘʪʠ ʟ ʧʣʦʱʠʥʦʶ XY. 

ʂʣʘʮʥʽʪʴ ʧʦ ʢʥʦʧʮʽ Show Work Plane  ʚʛʦʨʽ ʧʘʥʝʣʽ. ʎʠʤ ʚʠ ʘʢʪʠʚʫʻʪʝ ʚʫʟʦʣ 

Work  Plane 1 ï Plane Geometry. 

2. ʂʨʝʩʣʝʥʥʷ ʬʽʛʫʨʠ ʚ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ. ʅʘ ʟʘʢʣʘʜʮʽ Work Plane  

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʘʥʝʣʽ ʧʝʨʝʚʽʨʪʝ, ʱʦ ʥʘʪʠʩʥʫʪʽ ʢʥʦʧʢʠ Snap ʽ Solid. ʂʥʦʧʢʘ 

Snap ʚʢʣʶʯʘʻ ʨʝʞʠʤ çʧʨʠʪʷʛʘʥʥʷè ʤʠʰ ̔ʜʦ ʚʝʨʰʠʥ ʚʽʨʽʚʥʶʚʘʣʴʥʦʾ ʨʝʰʽʪʢʠ 

(grid). ʅʘ ʧʘʥʝʣʽ ʚ ʩʝʢʮʽʾ Draw ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Line, ʧʝʨʝʚʝʜʽʪʴ ʧʦʢʘʞʯʠʢ ʤʠʰʽ 

ʚ ʛʨʘʬʽʯʥʫ ʦʙʣʘʩʪʴ ʽ ʥʘʤʘʣʶʡʪʝ ʙʘʛʘʪʦʢʫʪʥʠʢ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʥʘʩʪʫʧʥʦʤʫ 

ʨʠʩʫʥʢʫ ʧʨʘʚʦʨʫʯ. ɿʘʢʽʥʯʽʪʴ ʢʨʝʩʣʝʥʥʷ ʣʘʤʘʥʦʾ (ʢʦʣʠ ʚʦʥʘ ʙʫʜʝ ʚʞʝ 

ʟʘʤʢʥʝʥʦʶ) ʢʣʘʮʘʥʥʷʤ ʧʨʘʚʦ ʁ ʢʥʦʧʢʦʶ ʤʠʰ ̔ ʚ ʟʦʥʽ ʤʘʣʶʥʢʘ. ʂʨʠʚʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʪʚʦʨʠʪʩɹʷ ʥʘ ʩʦʣʽʜʥʠʡ ʯʦʪʠʨʠʢʫʪʥʠʢ. 
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ɺʽʜʨʝʜʘʛʫʡʪʝ ʢʦʦʨʜʠʥʘʪʠ ʡʦʛʦ ʚʝʨʰʠʥ ʪʘʢ, ʱʦʙ ʚʦʥʠ ʜʦʨʽʚʥʶʚʘʣʠ (0,0), (1,0), 

(0.5,2), (0,2). ɼʣʷ ʮʴʦʛʦ ʚ ʨʦʟʜʽʣʽ Polygon  Segments  ʧʦʩʣʽʜʦʚʥʦ ʚʠʜʽʣʷʡʪʝ 

ʩʝʛʤʝʥʪʠ ʣʘʤʘʥʦʾ ʽ ʨʝʜʘʛʫʡʪʝ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʚ ʧʦʣʷʭ Control  
points . 

 

 

 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʫʟʦʣ ɼʄ ʦʪʨʠʤʘʚ ʥʘʟʚʫ B®zier Polygon 1 (b1). 

  ɼʦʜʘʡʪʝ ʜʦ ʙʘʛʘʪʦʢʫʪʥʠʢʘ ʬʘʩʢʫ ʽ ʩʢʨʫʛʣʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ 

ʢʦʤʘʥʜʠ 
  Work Plane - >Operations - > Chamfer  

Work Plane 1 (wp1) - Plane Geometry - Chamfer 1 (cha1): 

   Points ï Vertices to chamfer = b1: 4     (ʧʨʘʚʘ ʥʠʞʥʷ ʚʝʨʰʠʥʘ) 

   Distance ï Distance from vertex = 0.25     (ʨʦʟʤʽʨ ʬʘʩʢʠ) 
  RMB > Build Selected            (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 
  Work Plane - >Operations - > Fillet 

Work Plane 1 (wp1) - Plane Geometry - Fillet 1 (fil1) : 

   Points ï Vertices to fillet = cha1 : 3   (ʧʨʘʚʘ ʚʝʨʭʥʷ ʚʝʨʰʠʥʘ) 

   Radius ï Radius = 0.2        (ʨʘʜʽʫʩ ʩʢʨʫʛʣʝʥʥʷ) 

  RMB > Build Selected           (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 
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ʉʪʚʦʨʽʪʴ ʧʨʦʬʽʣʴ ʨʝʙʝʨ. ɼʣʷ ʮʴʦʛʦ ʧʦʙʫʜʫʡʪʝ ʧʨʷʤʦʢʫʪʥʠʢ, ʘ ʟ ʥʴʦʛʦ ï ʤʘʩʠʚ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ʇʦʪʽʤ ʮʝʡ ʤʘʩʠʚ ʚʠʜʘʣʽʪʴ ʟ ʚʞʝ ʧʦʙʫʜʦʚʘʥʦʾ ʬʽʛʫʨʠ. 
  Work Plane - >Primitives - > Rectangle  

Work Plane 1 (wp1) - Plane Geometry - Rectangle 1 (r1): 

   Size ï Width, Height  = 0.5, 0.25     (ʜʚʘ ʧʦʣʷ; ʨʦʟʤʽʨʠ)  

   Position ï xw, yw = 0.5, 0.4        (ʜʚʘ ʧʦʣʷ; ʧʦʣʦʞʝʥʥʷ ʢʫʪʘ)  
  RMB > Build Selected            (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 
  Work Plane - >Transforms - > Array 

Work Plane 1 (wp1) - Plane Geometry - Array 1 (arr1) : 

   Input ï Input objects = r1     (ʬʽʛʫʨʘ ʜʣʷ ʨʦʟʤʥʦʞʝʥʥʷ)  

   Size ï xw size, yw size = 1,3     (ʢʽʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ ʽ ʨʷʜʢʽʚ ʤʘʩʠʚʫ)  

   Displacement ï xw, yw = 0,0.5  (ʚʝʢʪʦʨ ʟʤ̔ʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʩʠʚʫ)  
  RMB > Build Selected         (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʚʩʝʨʝʜʠʥʽ) 
  Work Plane  - > Booleans and Partitions  - > Difference  

Work Plane 1 (wp1) - Plane Geometry - Difference 1 (dif1): 

   Difference ï Objects to add = fil1    

   Difference ï Objects to subtract =arr1(1,1),arr1(1,2),arr1(1,3)  
  RMB > Build Selected         (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

   
ʉʪʚʦʨʽʪʴ ʧʨʦʬʽʣʴ ʦʪʚʦʨʫ. 
  Work Plane - >Primitives - > Rectangle 

Work Plane 1 (wp1) - Plane Geometry - Rectangle 2 (r2): 

   Size ï Width, Height  = 0. 6, 1. 5     (ʜʚʘ ʧʦʣʷ; ʨʦʟʤʽʨʠ)  

   Position ï xw, yw = - 0. 3, 0      (ʜʚʘ ʧʦʣʷ; ʧʦʣʦʞʝʥʥʷ ʢʫʪʘ) 

  Work Plane - >Primitives - > Circle 

Work Plane 1 (wp1) - Plane Geometry ï Circle 1 (ʩ1): 

   Size  and Shape ï Radius = 0.3  

   Position ï Base, xw, yw = Center ; 0,1.5    (ʪʨʠ ʧʦʣʷ)  

  RMB > Build Selected            (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

  Work Plane - >Booleans and Partitions - > Difference  

Work Plane 1 (wp1) - Plane Geometry - Difference 2 (dif2): 

   Difference ï Objects to add = dif11    

   Difference ï Objects to subtract =r2,c1  
  RMB > Build Selected            (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 
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3. ʉʪʚʦʨʝʥʥʷ ʪʽʣʘ ʦʙʝʨʪʘʥʥʷ. ʆʧʝʨʘʮʽʷ Revolve ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʽʣʘ 

ʦʙʝʨʪʘʥʥʷ ʟ ʧʨʦʬʽʣ,ʁ ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʚ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ. ɼʣʷ ʥʝʾ ʜʦʜʘʪʢʦʚʦ 

ʪʨʝʙʘ ʚʢʘʟʘʪʠ ʦʨʽʻʥʪʘʮʽʶ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ. 

Work Plane 1 (wp1): 
  Geometry - >Operations - > Revolve 

 
Geometry 1 ï Revolve 1 (rev1): 

   General ï Input objects = wp1     (ʨʦʙʦʯʘ ʧʣʦʱʠʥʘ)  

ɿʘʜʘʥʥʷ ʚ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʢʠ ʪʘ 

ʚʝʢʪʦʨʘ (ʜʚʦʚʠʤʽʨʥʦʛʦ) ʥʘʧʨʷʤʢʫ.  

   Revolution Axis ï Points on the revolution axis ï xw, yw = 0,0  

   Revolution Axis ï Direction of revolution axis ï xw, yw = 0,1  

  RMB > Build Selected    ( ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʦʚʝʨʥʫʪʦ )  

 
ɿʘʫʚʘʞʝʥʥʷ. ɺ̔ ʩʴ ʦʙʝʨʪʘʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʩʽʢʘʪʠ ʢʦʥʪʫʨ ʬʽʛʫʨʠ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ (ʪʦʨʢʘʪʠʩʷ ʤʦʞʝ). 

4. ʅʘʜʙʫʜʦʚʘ ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʦʙʫʜʫʻʤʦ ʟʚʝʨʭʫ ʜʦ ʪʽʣʘ ʧʨʷʤʦʢʫʪʥʫ 

ʧʨʠʟʤʫ. ɼʣʷ ʮʴʦʛʦ ʚʝʨʭʥʶ ʛʨʘʥʴ ʧʦʙʫʜʦʚʘʥʦʛʦ ʪʽʣʘ ʚʠʢʦʨʠʩʪʘʻʤʦ ʚ ʷʢʦʩʪʽ ʥʦʚʦʾ 

ʨʦʙʦʯʦʾ ʧʣʦʱʠʥʠ. ʅʘ ʥʽʡ ʥʘʢʨʝʩʣʠʤʦ ʢʚʘʜʨʘʪ, ʷʢʠʡ çʚʠʪʷʛʥʝʤʦè ʚʛʦʨʫ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʧʨʠʟʤʠ. 

  Geometry  - > Work Plane  - > Work Plane  

Work Plane 2 (wp2): 

   Plane Definition ï Plane type = Quick    (ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʧʣʦʱʠʥʠ)  

   Plane Definition ï Plane = zx - plane   
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   Plane Definition ï Offset type, y-coordinate = Distance ;  2 

( ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

Work Plane 2 (wp2) - Plane Geometry: 
  Work Plane - >Primitives - > Square 

Work Plane 2 (wp2) - Plane Geometry - Square 1 (sq1): 

   Size ï Side length = 0.3  

   Position ï Base, xw, yw  = Center ; 0, 0   (ʪʨʠ ʧʦʣʷ) 

  RMB > Build Selected            (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʚʩʝʨʝʜʠʥʽ) 

ʆʧʝʨʘʮʽʷ Extrude ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʪʷʛʫʚʘʥʥʷ ʧʨʦʬʽʣ ʁ ʨʦʙʦʯʦʾ ʧʣʦʱʠʥʠ ʚ 

ʧʨʦʩʪʽʨ. ɿʤʽʱʝʥʥʷ ʧʨʦʬʽʣ ʁ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ 

ʥʦʨʤʘʣʴʥʦʤʫ ʜʦ ʧʣʦʱʠʥʠ. ɼʦʜʘʪʢʦʚʦ ʩʣʽʜ ʚʢʘʟʘʪʠ ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʫ ʚʠʪʷʛʫʻʪʴʩʷ 

ʧʨʦʬʽʣʴ. 

Work Plane 2 (wp2):>  Geometry  - > Operations - > Extrude 

Geometry 1 ï Extrude 1 (ext1): 

   General ï Input objects = wp2      (ʨʦʙʦʯʘ ʧʣʦʱʠʥʘ)  

   Distance from Plane ï Distance = 0.4   (ʚʽʜʩʪʘʥʴ ʚʠʪʷʛʫʚʘʥʥʷ)  

  RMB > Build Selected           (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

 
  

ʉʪʚʦʨʠʤʦ ʟʚʝʨʭʫ ʢʽʣʴʮʝ, ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʧʨʠʟʤʫ. ʂʽʣʴʮʝ ʧʦʙʫʜʫʻʤʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʮʽʾ Sweep (ʨʦʟʛʦʨʪʘʥʥʷ). ɺʦʥʘ ʧʝʨʝʥʦʩʠʪʴ 2D ʬʽʛʫʨʫ ʚʟʜʦʚʞ 

ʰʣʷʭʫ (ʢʨʠʚʦʾ) ʚ ʧʨʦʩʪʦʨʽ, ʟʘʤʽʪʘʶʯʠ ʪʨʠʚʠʤʽʨʥʫ ʦʙʣʘʩʪʴ ʽ ʫʪʚʦʨʶʶʯʠ 3D ʪʽʣʦ. 

ɼʣʷ ʮʴʦʛʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ 2D ʬʽʛʫʨʫ (ʢʦʣʦ) ʽ ʢʨʠʚʫ, ʚʟʜʦʚʞ ʷʢʦʾ ʙʫʜʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʝʨʝʥʝʩʝʥʥʷ. ʂʦʣʦ ʥʘʢʨʝʩʣʠʤʦ ʚ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ XY, ʘ ʢʨʠʚʫ ï ʚ 

ʧʣʦʱʠʥʽ YZ. ɿʚʽʩʥʦ, ʱʦ ʮʽ ʨʦʙʦʯʽ ʧʣʦʱʠʥʠ ʪʝʞ ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ. 

  ʇʦʙʫʜʫʡʪʝ ʢʦʣʦ. 
  Geometry - >Work Plane - >Work Plane  

Work Plane 3 (wp3): 

  Plane Definition ï Plane = xy - plane   

  Plane Definition ï Offset type, y-coordinate = Distance ;  0 

Work Plane 3 (wp3) - Plane Geometry: 
  Work Plane - >Primitives - > Circle 

Work Plane 1 (wp1) - Plane Geometry - Circle 1 (c1): 

   Size  and Shape ï Radius = 0.1  

   Position ï Base, xw, yw = Center ; 0, 2.2   (ʪʨʠ ʧʦʣʷ)  

  RMB > Build Selected        (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

ʉʪʚʦʨʽʪʴ ʢʨʠʚʫ ʧʝʨʝʥʝʩʝʥʥʷ. 

Geometry 1: Geometry - >Work Plane - >Work Plane  

Work Plane 4 (wp4): 

  Plane Definition ï Plane = yz - plane   
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  Plane Definition ï Offset type, y-coordinate = Distance ;  0 

Work Plane 4 (wp4) - Plane Geometry: 

  Work Plane - >Primitives - > Circle 

Work Plane 4 (wp4) - Plane Geometry - Circle 1 (c1): 

   Object  Type  ï Type = Curve    (ʩʪʚʦʨʶʻʤʦ ʦʢʨʫʞʥʽʩʪʴ, ʘ ʥʝ ʢʦʣʦ) 

   Size  and Shape ï Radius = 0.3  

   Position ï Base, xw, yw = Center ;  2.5, 0    (ʪʨʠ ʧʦʣʷ)  

  RMB > Build Selected         (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʚʩʝʨʝʜʠʥʽ) 

  

 

ʈʦʟʛʦʨʪʘʥʥʷ ʥʝʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʦ ʟʘʤʢʥʝʥʽʡ ʢʨʠʚʽʡ. ʊʦʤʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʽʣʴʮʷ 

ʩʪʚʦʨʠʤʦ ʜʚʽ ʨʦʟʛʦʨʪʢʠ (sweep) ʧʦ ʧʦʣʦʚʠʥʘʭ ʦʢʨʫʞʥʦʩʪʽ ʚ ʨʽʟʥʽ ʙʦʢʠ. ʉʣ̔ʜ 

ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʝʨʝʥʝʩʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʟʨʦʩʪʘʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ʢʨʠʚʦʾ. ʁʦʛʦ ʤʦʞʥʘ ʥʘʦʯʥʦ ʧʦʙʘʯʠʪʠ, ʷʢʱʦ ʫ ʚʫʟʣʽ Component 1 

(comp1)  ï View 1 ʚʢʣʶʯʠʪʠ ʦʧʮʽʶ Show edge direction  arrows, ʘ ʚ 

ʛʨʘʬʯ̔ʥʦʤʫ ʚʢ̔ʥʽ ʢʥʦʧʢʦʶ , ʨʦʟʪʘʰʦʚʘʥʦ  ʁ ʥʘʜ ʮʠʤ ʚʽʢʥʦʤ, 

ʚʢʣʶʯʠʪʠ ʨʝʞʠʤ Select Edges. 

Work Plane 4 (wp4): RMB > Build Selected    (ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

ʉʪʚʦʨ̔ʪʴ ʨʦʟʛʦʨʪʢʠ. 
  Geometry - >Operations - > Sweep 

Geometry 1 ï Sweep 1 (swe1): 

   Cross Section ï Faces to sweep = wp3 :1 (ʧʣʦʱʠʥʘ ʟ ʢʨʫʛʦʚʠʤ ʧʝʨʝʨʽʟʦʤ) 

   Spline Curve ï Edges to follow= wp4:3,4   (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

   Spline Curve ï Reverse direction= True    (ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ)  

  RMB > Build Selected            (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

       
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʦʧʮʽʶ Reverse direction = True, ʷʢʘ ʚʢʣʶʯʘʻ ʧʝʨʝʥʝʩʝʥʥʷ 

ʢʦʣʘ ʚ ʦʙʝʨʥʝʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʟʜʦʚʞ ʢʨʠʚʦʾ (ʽʥʘʢʰʝ ʧʝʨʝʥʝʩʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ 

ʥʝ ʚ ʪʦʡ ʙʽʢ).   
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  Geometry - > Operations  - > Sweep 

Geometry 1 ï Sweep 2 (swe2): 

   Cross Section ï Faces to sweep = wp3:1   

   Spline Curve ï Edges to follow= wp4: 1, 2  (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 
  RMB > Build Selected             (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

 
5. ɺʠʟʥʘʯʝʥʥʷ ʟʘʚʝʨʰʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʽʾ.  ʆʩʪʘʥʥʽʤ ʚʫʟʣʦʤ 

ʚ ʛʽʣʮʽ Geometry 1 ʟʘʣʠʰʪʝ Form Union (fin ).  

  RMB > Build All Objects          (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

ʂʦʣʠ ʚʠ ʧʦʙʘʞʘʻʪʝ ʨʦʟʛʣʷʜʘʪʠ ʢʽʣʴʮʝ ʷʢ ʨʫʭʦʤʫ ʯʘʩʪʠʥʫ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʟʘʜʘʯʽ ʜʠʥʘʤʽʢʠ ʪʽʣ (Multibody Dynamics), ʪʦ ʚ ʇɺ ʚʫʟʣʘ Form 

Union ʚ ʩʧʠʩʢʫ Action  ʩʣʽʜ ʦʙʨʘʪʠ ʟʥʘʯʝʥʥʷ Form an assembly . ɸʣʝ ʪʦʜʽ ʚ 

ʚʝʨʭʥʽʡ ʧʨʠʟʤʽ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʱʝ ʩʧʨʦʝʢʪʫʚʘʪʠ ʦʪʚʽʨ ʧʽʜ ʢʽʣʴʮʝ. 

  ʗʢʱʦ ʚʠ ʚʠʢʦʥʫʚʘʣʠ ʽʥʩʪʨʫʢʮʽʾ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ ʥʘʰʠʤ ʧʨʠʢʣʘʜʦʤ, ʪʦ 

ʛʽʣʢʘ Geometry 1 ɼʄ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ 

ʧʨʘʚʦʨʫʯ. 
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ɿʘʫʚʘʞʝʥʥʷ. ʂʽʣʴʮʝ ʤʦʞʥʘ ʙʫʣʦ ʙ ʩʪʚʦʨʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʛʨʘʬʽʯʥʦʛʦ ʧʨʠʤʽʪʠʚʘ Torus  (ʪʦʨ).    

ʊʫʪ ʜʦʨʝʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʱʝ ʦʜʠʥ ʩʧʦʩʽʙ ʜʽʟʥʘʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʽʣ. ʂʦʤʘʥʜʘ 

Geometry 1: RMB > Measure     

ʚʽʜʢʨʠʚʘʻ ʧʘʥʝʣʴ Measure ʚʠʤʽʨʶʚʘʥʴ ʚ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ.. ɺ ʧʦʣʽ Geeometric  
entity  level  ʦʙʠʨʘʻʪʴʩʷ ʨʽʚʝʥʴ ʛʝʦʤʝʪʨʽʾ, ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ʚʢʘʟʫʶʪʴʩʷ ʝʣʝʤʝʥʪʠ. 

ʊʦʜʽ ʚʥʠʟʫ ʧʘʥʝʣʽ ʚ ʨʦʟʜʽʣʽ Measurements  ʘʚʪʦʤʘʪʠʯʥʦ ʟôʷʚʣʷʶʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʠ. ʗʢʱʦ ʨʽʚʥʝʤ ʛʝʦʤʝʪʨʽʾ ʦʙʨʘʪʠ Point , ʽ ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ʚʢʘʟʘʪʠ ʧʘʨʫ 

ʪʦʯʦʢ, ʪʦ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʙʫʣʦ ʦʙʨʘʥʦ 

ʚʝʨʭʽʚʢʫ ʢʽʣʴʮʷ (ʪʦʯʢʘ ʟ ʽʥʜʠʢʘʪʦʨʦʤ 62) ʽ ʚʝʨʭʽʚʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʪʚʦʨʫ ʬʽʛʫʨʠ 

(ʪʦʯʢʘ 87). 

 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʘʥʝʣʴ ʚʠʤʽʨʶʚʘʥʴ Measure ʥʘʙʫʣʘ ʚʠʛʣʷʜʫ, ʟʦʙʨʘʞʝʥʦʛʦ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʣʽʚʦʨʫʯ. ɺʥʠʟʫ ʧʘʥʝʣʽ ʥʘʜʨʫʢʦʚʘʥʘ ʚʽʜʩʪʘʥʴ (Distance) 

1.1  m ʤʽʞ ʦʙʨʘʥʠʤʠ ʪʦʯʢʘʤʠ. ʋ ʨʘʟʽ ʚʠʙʦʨʫ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷ Domain , 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʦʙôʻʤ 2.345 m
3  ʽ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ  21.39 m

2
 (ʥʘʩʪʫʧʥʠʡ 

ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) ʦʙʨʘʥʦʛʦ ʪʽʣʘ. 

 
 

                               ƴ 
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ʄʠ ʥʝ ʦʧʠʩʫʚʘʣʠ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʛʨʘʬʽʯʥʠʭ ʧʨʠʤʽʪʠʚʽʚ. 

ʇʦʪʨʝʥʫʡʪʝʩʴ ʚ ʮʴʦʤʫ ʩʘʤʦʩʪʽʡʥʦ. 

ɺʧʨʘʚʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʠʚʠʤʽʨʥʽ ʛʨʘʬʽʯʥʽ ʧʨʠʤʽʪʠʚʠ, ʩʪʚʦʨʽʪʴ ʟʙʽʨʢʫ, ʷʢʘ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ (ʟʚʽʩʥʦ ʙʝʟ ʚʠʥʦʩʦʢ).  

 
ʂʦʤʘʥʜʠ/ʢʥʦʧʢʠ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʠʭ ʧʨʠʤʽʪʠʚʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʘʥʝʣʽ 

ʢʨʝʩʣʝʥʥʷ Geometry   ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʩʪʨʽʯʢʠ.  

  ʆʩʢʽʣʴʢʠ ʥʝ ʚʩʽ ʪʽʣʘ ʥʘ ʨʠʩʫʥʢʫ ʧʝʨʝʪʠʥʘʶʪʴʩʷ, ʪʦ ʩʪʚʦʨʠʪʠ ʟ ʥʠʭ ʻʜʠʥʝ 

ʪʽʣʦ ʥʝʤʦʞʣʠʚʦ. ʅʘʙʽʨ ʥʝʧʝʨʝʪʠʥʥʠʭ ʩʦʣʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʟʙʽʨʢʦʶ 

(ʘssembly). ʑʦʙ ʾʾ ʩʪʚʦʨʠʪʠ ʚ ʛʽʣʮʽ  Geometry ʚ ʾʾ ʦʩʪʘʥʥʴʦʤʫ ʚʫʟʣʽ Form Union 

ʚ ʧʦʣʽ Form Union/ Assembly  -  Action  ʩʣʽʜ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ Form an 

assembly . ɯʥʘʢʰʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʢʦʤʘʥʜʠ Build All ʚʠ ʦʪʨʠʤʘʻʪʝ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʧʨʦ ʧʦʤʠʣʢʫ. 

 

1.6. ɼʝʤʦʥʩʪʨʘʮʽʡʥ ̔ʧʨʠʢʣʘʜʠ. 

1.6.1.  ʆʭʦʣʦʜʞʝʥʥʷ ʢʫʙʘ. 

ʈʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʚ ʦʜʠʥʠʯʥʦʤʫ ʢʫʙʽ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʥʫʣʴʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʘ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ 1.  

  ʉʪʚʦʨʽʪʴ ʤʦʜʝʣʴ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʦʤʘʥʜ: 
  File->New->Model Wizard->3D-> 
   Heat Transfer - Heat Transfer in Solids (ht) ->Time Dependent 
ɹʫʜʝʤʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʙʝʟʨʦʟʤʽʨʥʽ ʨʽʚʥʷʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ Component 1 

(comp1) ʚʚʝʜʽʪʴ: 

   General - Unit system = None 

ɻʝʦʤʝʪʨʽʷ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʢʫʙʘ. ʅʘʤʘʣʶʻʤʦ ʡʦʛʦ. 

  ʇʨʠ ʘʢʪʠʚʥʦʤʫ ʚʫʟʣʽ Geometry 1 ʚʠʢʦʥʘʡʪʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ: 
  Geometry - >Pimitives - >Block 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʠ ʙʣʦʢʫ ʟʙʽʛʘʶʪʴʩʷ ʟ ʪʠʤʠ, ʷʢʽ ʥʘʤ ʧʦʪʨʽʙʥʽ. ʅʝ 

ʟʤʽʥʶʡʪʝ ʾʭ. ɿʘʚʝʨʰʽʪʴ ʢʨʝʩʣʝʥʥʷ ʢʫʙʘ ʢʣʘʮʘʥʥʷʤ ʧʦ ʢʥʦʧʮʽ Build All Objects. 
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  ɺʽʜʢʨʠʡʪʝ ʇɺ ʚʫʟʣʘ Heat Transfer in Solids(ht) - Heat Transfer in Solids 1. 

ɺ ʨʦʟʜʽʣʽ Equation  ʮʽʻʾ ʧʘʥʝʣʽ ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

tedQQTC
t

T
C +=ÖÐ+ÐÖ+
µ

µ
qurr rr , 

ʜʝ T - ʰʫʢʘʥʘ ʬʫʥʢʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ, TkÐ-=q  ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, k - ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ù
ú

ø
é
ê

è

µ

µ

µ

µ

µ

µ
=Ð

zyx
,,

 

ï ʦʧʝʨʘʪʦʨ ʛʨʘʜʽʻʥʪʘ. ʇʦʣʝ ʰʚʠʜʢʦʩʪʝʡ u  

ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚʦʥʠ ʚʩʽ ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʶ. ʊʦʤʫ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʛʣʷʜ ( ) 0=ÐÖÐ-
µ

µ
Tk

t

T
Crr . 

  ɺ ʇɺ ʚʫʟʣʘ Heat Transfer in Solids 1 ʚʚʝʜʽʪʴ: 

   Heat Conduction,Solid  ï Thermal conductivity -k= User defined  

               ï Thermal conductivity - <> = 1 

   Thermodynamics,Solid ï Density ɀ r, <> = User defined ,1  

   Heat capacity at constant pressure ï Cr, <>=  User defined ,1  

ʇʝʨʝʚʽʨʪʝ, ʱʦ ʚ ʇɺ ʚʫʟʣʘ Heat Transfer in Solids 1 ʚ ʨʦʟʜʽʣʽ Domain 

Selection  ʚ ʩʝʢʮʽʾ  Selection  ʦʙʨʘʥʘ ʦʙʣʘʩʪʴ ʟ ʽʥʜʠʢʘʪʦʨʦʤ 1. 

  ɿʘʜʘʡʪʝ ʧʦʯʘʪʢʦʚʫ ʪʝʤʧʝʨʘʪʫʨʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ Initial Values 1 

ʚʚʝʜʽʪʴ: 

   Initial Values  ï Temperature  ï T = 1 

ɿʘʜʘʡʪʝ ʛʨʘʥʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ: 

  Physics ->Boundaries ->Temperature 

ɸʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Temperature 1, ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Active ʚ ʨʦʟʜʽʣʽ Boundary 

Selection  ʽ ʚ ʩʧʠʩʢʫ Selection  ʚʠʙʝʨʽʪʴ All boundaries . ʅʦʤʝʨʠ ʚʩʽʭ ʛʨʘʥʝʡ 

1,2,3,4, 5 ʽ 6 ʜʦʜʘʜʫʪʴʩʷ ʜʦ ʩʧʠʩʢʫ Selection . ɺ ʨʦʟʜʽʣʽ Temperature  ʚ ʧʦʣʝ 

T0 ʚʚʝʜʽʪʴ 0. 

  ʇʦʙʫʜʫʡʪʝ ʉʢɽ ʩʽʪʢʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ Mesh 1 ʚʚʝʜʽʪʴ: 

   Mesh Settings ï Element size = Normal  

ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Build All. ʋ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʚʠ ʧʦʙʘʯʠʪʝ ʟʦʙʨʘʞʝʥʥʷ ʉʢɽ 

ʩʽʪʢʠ ʚ ʢʫʙ.̔ 

 
ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʨʠʚʠʤʽʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʪʨʠʚʘʶʪʴ ʟʥʘʯʥʦ ʜʦʚʰʝ ʜʚʦʚʠʤʽʨʥʠʭ. 

ʊʦʤʫ ʥʝ ʥʘʤʘʛʘʡʪʝʩʷ ʚʽʜʨʘʟʫ ʙʫʜʫʚʘʪʠ ʜʨʽʙʥʫ ʩʽʪʢʫ. ɺʠʢʦʥʘʡʪʝ ʚʩʽ ʦʙʯʠʩʣʝʥʥʷ 

ʜʣʷ çʥʦʨʤʘʣʴʥʦʾè ʩʽʪʢʠ ʽ ʧʦʪʽʤ, ʷʢʱʦ ʙʫʜʝ ʧʦʪʨʝʙʘ, ʧʦʜʨʽʙʥʽʪʴ ʩʽʪʢʫ. 
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  ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Step 1: Time Dependent. ɺ ʡʦʛʦ ʇɺ 

ʟʘʜʘʡʪʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʚ ʷʢʠʭ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʨʦʟʚôʷʟʦʢ: 

   Study  Settings  ïTimes  = 0.001 0.005  range (0.01,0.01,0.1 )  

ʈʦʟʚôʷʞʽʪʴ ʟʘʜʘʯʫ, ʚʠʢʦʥʘʚʰʠ ʢʦʤʘʥʜʫ 
  Study - > Compute 

ɺ ʜʝʨʝʚʽ ʤʦʜʝʣʽ ʚ ʛʽʣʮ ̔ Results ʟ'ʷʚʠʪʴʩʷ ʛʽʣʢʘ Temperature (ht) ʟ ʚʫʟʣʦʤ 

Surface 1, ʱʦ ʤʽʩʪʠʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʫʙʘ, ʷʢʝ 

ʧʨʝʜʩʪʘʚʣʷʻ ʪʝʤʧʝʨʘʪʫʨʫ. ɿ'ʷʚʠʪʴʩʷ ʪʘʢʦʞ ʛʽʣʢʘ Isothermal Contours (ht), ʷʢʘ 

ʤʽʩʪʠʪʴ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʫʙʘ. ʆʙʠʜʚʘ ʛʨʘʬʽʢʘ 

ʥʝʽʥʬʦʨʤʘʪʠʚʥʽ, ʦʩʢʽʣʴʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʢʫʙʘ ʫ ʥʘʩ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʟʤʽʥʥʘ ʽ 

ʜʦʨʽʚʥʶʻ 0. ɺʠʜʘʣʠʤʦ ʮʽ ʛʨʘʬʽʢʠ. ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʚʫʟʣʫ 

Temperature (ht) ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Delete. ɸʥʘʣʦʛʽʯʥʦ 

ʚʠʜʘʣʽʪʴ ʛʽʣʢʫ Isothermal Contours (ht). 

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʢʫʙʘ. ʉʪʚʦʨʽʪʴ 

ʪʨʠʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ 3D Plot Group   ʢʦʤʘʥʜʦʶ 

  Results  - > 3D Plot Group 

3D Plot Group 3 : 

   Dataï Data set  = Study 1/Solution 1  

   Dataï Time (s)  = 0.02  

   Color Legend  ï Show legends =True  

ɺ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ 3D Plot Group 3 ʩʪʚʦʨʽʪʴ ʧʽʜʚʫʟʦʣ Multislice .  

3D Plot Group 3: RMB > More Plots - Multislice 
3D Plot Group 3 ï Multislice 1: 

   Dataï Data set = From parent  

   Expression ï Expression  = T  

   Multiplane Data ï x-planes, y -planes, z -planes  = 1,1,1  (ʪʨʠ ʧʦʣʷ) 

   ʎʝ ʢʽʣʴʢʽʩʪʴ ʧʣʦʱʠʥ ï ʧʦ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʢʦʞʥʦʾ ʦʨʽʻʥʪʘʮʽʾ. 

   Range ï Manual color range   = True  

       ï Minimum , Maximum  = 0, 1  

   Coloring and Style   ï Coloring  =Color table  

             ï Color  =Thermal   

             ï Color  legen d = True  

ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot ʽ ʚʠ ʦʪʨʠʤʘʻʪʝ ʟʦʙʨʘʞʝʥʥʷ ʪʨʴʦʭ ʚʟʘʻʤʥʦ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʣʦʱʠʥ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʢʫʙʘ, ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʟʘʙʘʨʚʣʝʥʥʷʤ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʢʫʙʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t = 0.0 2. 
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ɿʤʽʥʶʶʯʠ ʚ ʇɺ ʚʫʟʣʘ 3D Plot Group 3 ʟʥʘʯʝʥʥʷ ʚ ʧʦʣʽ Data  - Time (s), ʚʠ 
ʙʫʜʝʪʝ ʦʪʨʠʤʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʽ ʛʨʘʬʽʢʠ ʜʣʷ ʽʥʰʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ. 

  ɺ ʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯʘʭ ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ ʚʽʜ 

ʯʘʩʫ ʚ ʪʦʯʢʘʭ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʚʫʟʣʠ ʪʠʧʫ Point 

Graph, ʷʢʽ ʩʣʽʜ ʧʨʠʚôʷʟʫʚʘʪʠ ʜʦ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ Cut Point 3D  ʘʙʦ 

ʧʨʦʩʪʦ ʜʦ ʪʦʯʦʢ, ʱʦ ʚʞʝ ʽʩʥʫʶʪʴ ʚ ʛʝʦʤʝʪʨʽʾ. ʗʢʱʦ ʚ ʇɺ ʪʘʢʦʛʦ ʚʫʟʣʘ ʚ ʩʧʠʩʢʫ 

Time selection  ʚʠʙʨʘʪʠ All , ʪʦ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʦ ʯʘʩʦʚʠʡ ʛʨʘʬʽʢ ʧʦ ʟʥʘʯʝʥʥʷʤ 

ʨʦʟʚôʷʟʢʫ ʚ ʪʦʯʮʽ ʚ ʫʩʽ ʤʦʤʝʥʪʠ ʯʘʩʫ.  

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ ʚ ʮʝʥʪʨʽ ʢʫʙʘ. ɼʣʷ 

ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʠʤʦ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʚʠʢʦʥʘʚʰʠ ʽʥʩʪʨʫʢʮʽʾ 
  Results  - > Data  Set  - > Cut Point 3D 

Data  Sets - Cut Point 3D 1: 

   Data ï Data set = Study 1/Solution 1  

   Point Data ïEntry method = Coordanates  

   Point Data ï x, y, z = 0.5, 0.5, 0.5      (ʪʨʠ ʧʦʣʷ) 

ʇʝʨʝʚʽʨʪʝ ʚʚʝʜʝʥʥʷ ʪʦʯʢʠ ʢʦʤʘʥʜʦʶ Plot. 

 
ʉʪʚʦʨʽʪʴ ʛʨʫʧʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʢʦʤʘʥʜʦʶ 

  Results  - > 1D Plot Group 

1D Plot Group 4: 

   Data ï Data set = Cut Point 3D 1  

   Data ï Time selection = All  

ʅʘ ʩʪʨʽʯʮʽ ʧʘʥʝʣʝʡ ʟ'ʷʚʣ̫ ʻʪʴʩʷ ʟʘʢʣʘʜʢʘ 1D Plot  Group  4. ɿ ʥʝʾ ʚʠʙʝʨʽʪʴ 

ʢʦʤʘʥʜʫ 
  1D Plot  Group  4- > Point Graph 

Point Graph 1: 

   y- Axis Data ï Expression = T 

   x- Axis Data ï Parameter = Time 

ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʦʯʮʽ ʚʽʜ ʯʘʩʫ ʢʦʤʘʥʜʦʶ Plot. 

ʗʢʱʦ ʪʨʝʙʘ, ʪʦ ʥʘʣʘʰʪʫʡʪʝ ʢʦʣʽʨ ʽ ʩʪʠʣʴ ʢʨʠʚʦʾ ʚ ʨʦʟʜʽʣʽ Coloring  and Style  

ʇɺ ʚʫʟʣʘ Point Graph 1. 

 
ʅʘʜʨʫʢʫʻʤʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʮʝʥʪʨʽ ʢʫʙʘ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ɼʣʷ 

ʮʴʦʛʦ ʫ ʚʫʟʣʽ Derived Values ʩʪʚʦʨʽʪʴ ʚʫʟʦʣ ʪʠʧʫ Point Evaluation  

ʥʘʩʪʫʧʥʦʶ ʢʦʤʘʥʜʦʶ 
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Derived Values: RMB > Point Evaluation 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Point Evaluation 1 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Cut Point 3D 1  

   Data ï Time selection = All  

   Expression ï Expression = T 

   LMB > Evaluate ï New Table 

ɺ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʟʦʥʽ ʙʫʜʝ ʩʪʚʦʨʝʥʘ ʪʘʙʣʠʮʷ Table 1 ʪʘʢʘ, ʷʢ ʥʘ ʥʘʩʪʫʧʥʦʤʫ 

ʨʠʩʫʥʢʫ, ʘʣʝ ʙʝʟ ʧʨʘʚʦʛʦ ʩʪʦʚʧʮʷ. 

  
ʊʘʙʣʠʮʷ ʤʽʩʪʠʪ ɹʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙʨʘʥʽʡ ʪʦʯʮʽ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ, ʷʢʽ 

ʟʘʜʘʥʽ ʫ ʚʫʟʣʽ Step 1: Time Dependent ʚ ʧʦʣʽ Study  Settings  ïTimes. ʎʽ 

ʤʦʤʝʥʪʠ 0.001 0.005 0.01 ... 0.09 0.1  ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʣʽʚʦʤʫ ʩʪʦʚʧʮʽ 

ʪʘʙʣʠʮʽ. 

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʫʙʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 

Derived Values: RMB > Average - Volume Average 
ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Volume Average 1 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Study 1/Solution 1  

   Data ï Time selection = All  

ɺ ʩʝʢʮʽʶ ʚʠʙʦʨʫ ʚʚʝʜʽʪʴ 1, ʢʣʘʮʥʫʚʰʠ ʚ ʛʨʘʬʽʯʥʽʡ ʟʦʥʽ ʧʦ ʢʫʙʫ. ɼʘʣʽ ʚʚʝʜʽʪʴ 

   Expression ï Expression = T 

   LMB > Evaluate ï Table 1 - Point Evaluation 1(T) 

ɺ ʪʘʙʣʠʮ ̔Table 1 ʙʫʜʝ ʜʦʜʘʥʦ ʩʪʦʚʧʝʮʴ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʢʫʙʽ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ (ʜʠʚ. ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ). ʗʢʱʦ ʢʣʘʮʥʫʪʠ ʤʠʰʝʶ ʧʦ 

ʢʥʦʧʮʽ  Table Graph, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʪʘʙʣʠʮʝʶ, ʪʦ ʙʫʜʫʪʴ ʧʦʙʫʜʦʚʘʥʽ 

ʛʨʘʬʽʢʠ ʣʘʤʘʥʠʭ, ʘʙʩʮʠʩʘ ʷʢʠʭ ʙʫʜʝ ʚʟʷʪʘ ʟ ʧʝʨʰʦʛʦ ʩʪʦʚʧʮʷ ʪʘʙʣʠʮʽ, ʘ 

ʦʨʜʠʥʘʪʠ ï ʟ ʜʨʫʛʦʛʦ ʽ ʪʨʝʪʴʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʚʝʨʭʥʶ ʢʨʠʚʫ ʤʠ ʙʫʜʫʚʘʣʠ ʨʘʥʽʰʝ. 
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ɯʩʥʫʻ ʽʥʰʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʫʙʘ 

ʚʽʜ ʯʘʩʫ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʷʢʝ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ 

ʽʥʪʝʛʨʘʣ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʦʙôʻʤʫ ʢʫʙʘ (ʘʙʦ ʩʝʨʝʜʥʻ ʧʦ ʦʙôʻʤʫ).  

Results ï Data Sets: RMB > More Data Sets - Integral 
ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Integral 1 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Study 1/Solution 1  

   Settings ï Geometry level = Volume  

ɺ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ 1D Plot Group 4 ʜʦʜʘʡʪʝ ʽ ʥʘʣʘʰʪʫʡʪʝ ʛʨʘʬʽʯʥʠʡ ʚʫʟʦʣ ʪʠʧʫ 

Global . ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ  

  1D Plot  Group  4- > Global 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Global 1 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Integral 1  

   Data ï Time selection = All  

   y- Axis  Data  ï Expression  = T  ( ʚʚʝʜʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʪʘʙʣʠʮʽ ) 

   x- Axis  Data  ï Parameter  = Time  

ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot  ʽ ʦʪʨʠʤʘʡʪʝ ʛʨʘʬʽʢ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʧʦʧʝʨʝʜʥʽʡ, 

ʧʦʙʫʜʦʚʘʥʠʡ ʧʦ ʪʘʙʣʠʯʥʠʤ ʜʘʥʠʤ. 

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʧʨʝʨʽʟʫ ʢʫʙʘ 9.0=x . 

ʉʧʦʯʘʪʢʫ ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʜʣʷ ʮʴʦʛʦ ʧʝʨʝʨʽʟʫ.  

  Results  - > Data  Set  - > Cut Plane 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Cut Plane 1 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Study 1/Solution 1  

   Plane Data ï Plane type = Quick  

   Plane Data  ï Plane : = yz - planes  

   Plane Data  ï x-coordinate : = 0. 9 

ʇʦʙʫʜʫʡʪʝ ʟʦʙʨʘʞʝʥʥʷ ʮʴʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʢʦʤʘʥʜʦʶ Plot. 

 
ʉʪʚʦʨʽʪʴ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʷʢʝ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦ ʧʣʦʱʠʥʽ ʧʝʨʝʨʽʟʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 

Results ï Data Sets: RMB > More Data Sets - Average 
ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Average 1 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Cut Plane 1  

   Settings ï Geometry level = Take from  data set  
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ɺ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ 1D Plot Group 4 ʜʦʜʘʡʪʝ ʽ ʥʘʣʘʰʪʫʡʪʝ ʛʨʘʬʽʯʥʠʡ ʚʫʟʦʣ ʪʠʧʫ 

Global . ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ  

  1D Plot  Group  4- > Global 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Global 2 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Average 1  

   Data ï Time selection = All  

   y- Axis  Data  ï Expression  = T  ( ʚʚʝʜʝʥʥʷ ʚ ʪʘʙʣʠʮʽ ) 

   x- Axis  Data  ï Parameter  = Time  

ʑʦʙ ʥʘ ʛʨʘʬʽʢʫ ʚʽʜʦʙʨʘʟʠʪʠ ʣʝʛʝʥʜʫ, ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽʾ 

1D Plot Group 4: 

   Legend   ï Show legends, Position = True , Upper right  

1D Plot Group 4 - Point Graph 1: 

   Legends ï Show legends, Legends = True , óCenter ô 

1D Plot Group 4 - Global 1: 

   Legends ï Show legends, Legends = True , óVolumeô 

1D Plot Group 4 - Global 2: 

   Legends ï Show legends, Legends = True , óCut Plane ô 

ɿʘʢʽʥʯʽʪʴ ʧʦʙʫʜʦʚʫ ʛʨʘʬʽʢʘ ʢʦʤʘʥʜʦʶ Plot.  

 
ɺ ʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯʘʭ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʘʥʘʣʽʟʽ, ʟʨʫʯʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʦʥʜʠ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʩʪʚʦʨʠʤʦ ʜʚʘ ʟʦʥʜʠ. ʇʝʨʰʠʡ Domain 

Point  ʟʦʥʜ ʙʫʜʝ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʮʝʥʪʨʽ ʢʫʙʘ, ʜʨʫʛʠʡ ï Domain 

ʟʦʥʜ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠ ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʦʙôʻʤʫ.  

  ʉʧʦʯʘʪʢʫ ʩʪʚʦʨʠʤʦ ʪʦʯʢʦʚʠʡ ʟʦʥʜ. 

Component 1 (comp1) ï Definitions: 
  RMB > Probes ï Domain Point Probe 

Definitions - Domain Point Probe 1: 

   Point Selection ï Line entry method = None 

   Point Selection ï Coordinates ï x, y, z = 0.5,0.5,0.5     (ʪʨʠ ʧʦʣʷ) 

Definitions - Domain Point Probe 1 - Point Probe Expression 1 (ppb1): 

   Expression ï Expression = T 

  LMB > Update Results 

ʊʝʧʝʨ ʩʪʚʦʨʠʤʦ çʧʨʦʩʪʦʨʦʚʠʡè ʟʦʥʜ. 

Component 1 (comp1) ï Definitions: 
  RMB > Probes ï Domain Probe 

Definitions - Domain Probe 1 (dom1): 

   Probe Type ï Type = Average  

   Source Selection ï Selection = All domains  
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   Expression ï Expression = T 

Study 1: RMB > Compute 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʦʙʯʠʩʣʝʥʥʷ ʤʦʜʝʣʽ ʙʫʜʫʪʴ ʩʪʚʦʨʝʥ ̔ ʚʩʽ çʟʦʥʜʦʚʽè ʚʫʟʣʠ, 

ʧʦʙʫʜʦʚʘʥʘ ʪʘʙʣʠʮʷ ʟʘʣʝʞʥʦʩʪʽ ʟʦʥʜʦʚʠʭ ʟʤʽʥʥʠʭ ʚʽʜ ʯʘʩʫ, ʽ ʚ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ 

Probe Plot Group 7 ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʜʚ̔ ʢʨʠʚʽ, ʪʘʢʽ ʞ ʩʘʤʽ, ʷʢ ʨʘʥʽʰʝ. 

 

 

 

1.6.2.  ʂʦʣʠʚʘʥʥʷ ʚʽʣʴʥʦ ʦʧʝʨʪʦʾ ʙʘʣʢʠ. 

ɼʦʩʣʽʜʽʪʴ ʤʘʣʽ ʢʦʣʠʚʘʥʥʷ ʪʦʥʢʦʾ ʙʘʣʢʠ ʜʦʚʞʠʥʦʶ L, ʢʽʥʮʽ ʷʢʦʾ ʚʽʣʴʥʦ ʦʧʝʨʪʽ.  

  ʋʨʘʭʫʚʘʥʥʷ ʬʘʢʪʫ, ʱʦ ʙʘʣʢʘ ʯʠʥʠʪʴ ʦʧʽʨ ʟʛʠʥʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʚʥʷʥʥʷ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ 

xxxxtt uu ¡¡¡¡-=¡¡ 2a , ¤<<<< tLx 0,0 ,        (1) 

ʜʝ ra /2 K= , ʂ - ʟʛʠʥʥʘ ʞʦʨʩʪʢʽʩʪʴ, r ï ʣʽʥʽʡʥʘ ʛʫʩʪʠʥʘ ʙʘʣʢʠ (ʤʘʩʘ/ʦʜ. 

ʜʦʚʞʠʥʠ), ( )txu ,  - ʚʝʨʪʠʢʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ x ʙʘʣʢʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t. 

 
ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʘ ʢʽʥʮʷʭ ʙʘʣʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

( ) ( ) 0,,0,0 == tLutu    ( )¤<¢t0 .         (2) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʽʶ ʪʦʥʢʠʭ ʙʘʣʦʢ, ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʚ ʙʘʣʮʽ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʝʣʠʯʠʥʽ xxu¡¡. ʆʩʢʽʣʴʢʠ ʟʛʠʥʘʣʴʥ ̔ ʤʦʤʝʥʪ ʥʘ ʢʽʥʮʷʭ 

ʚʽʣʴʥʦ ʦʧʝʨʪʦʾ ʙʘʣʢʠ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʦʪʨʠʤʫʻʤʦ ʜʦʜʘʪʢʦʚʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

( ) ( ) 0,,0,0 =¡¡=¡¡ tLutu xxxx   ( )¤<¢t0 .        (3) 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʢʦʣʠʚʘʥʥʷ ʙʘʣʢʠ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (1), ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

(2), (3), ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ 

( ) () ( ) () Lxxxuxxu t ¢¢=¡= 0,0,,0, yj . 

ɺʠʚʯʠʤʦ ʢʦʣʠʚʘʥʥʷ ʙʘʣʢʠ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ 1=L , ʱʦ ʚʽʣʴʥʦ ʦʙʧʝʨʪʘ ʥʘ 

ʢʽʥʮʷʭ. ʅʝʭʘʡ 12 =a   ʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʤʘʶʪʴ ʚʠʛʣʷʜ 
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( )

( ) 00,

3sin5.0sin0,

=¡

+=

xu

xxxu

t

pp
           (4) 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʚʽʜʦʤʠʡ 

( ) ( ) ( ) ( )xtxttxw pppp 3sin9cos5.0sincos, 22 += .    (5) 

ʇʦʙʫʜʫʻʤʦ ʯʠʩʝʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʟʘʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ COMSOL ʽ ʧʦʨʽʚʥʷʻʤʦ 

ʡʦʛʦ ʟ (5). 

  COMSOL ʚʤʽʻ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʠʩʪʝʤʠ ɼʈʏʇ ʥʝ ʚʠʱʝ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʊʦʤʫ 

ʟʘʜʘʯʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʘ ʚ ʪʝʨʤʽʥʘʭ ʩʠʩʪʝʤʠ ʜʚʦʭ ɼʈ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

ʗʢʱʦ ʚʚʝʩʪʠ ʧʦʟʥʘʯʝʥʥʷ xxuv ¡¡= , ʪʦ ʨʽʚʥʷʥʥʷ (1) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ xxtt vu ¡¡-=¡¡  (ʧʨʠ 

12 =a ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʜʘʯʘ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ 

îí

î
ì
ë

=+¡¡-

=¡¡+¡¡

0

0

vu

vu

xx

xxtt
                (6) 

ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

( ) ( ) 0,1,0,0 == tutu , ( ) ( ) 0,1,0,0 == tvtv , 

ʽ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ (4). 

  ɺʠʢʦʥʘʡʪʝ ʧʦʩʣʽʜʦʚʥʽʩʪ ɹʢʦʤʘʥʜ: 
  File- >New- >Model Wizard- >1D- > 

   Mathematics ï PDE Interfaces ï Coefficient From PDE(c) 

ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ Add ʚ ʧʦʣʝ Added physics interfaces  ʜʦʜʘʻʪʴʩʷ 

ʥʘʟʚʘ ʤʦʜʝʣʽ. ʉʧʨʘʚʘ ʚ ʧʘʥʝʣʽ Review Physics Interface  ʚ ʨʦʟʜʽʣʽ 

Dependent Variable  ʚ ʧʦʣʝ Number of dependent variables  ʚʚʝʜʽʪʴ 2, ʘ ʚ 

ʧʦʣʝ Dependent variables  ʚʚʝʜʽʪʴ ʽʤʝʥʘ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ u   ̔ v. 

 
ʅʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ . ʋ ʚʽʜʢʨʠʚʰʦʤʫʩʷ ʚʽʢʥʽ Select Study  ʚʠʙʝʨʽʪʴ 

ʚʘʨʽʘʥʪ TimeDependent . ɿʘʚʝʨʰʽʪʴ ʩʪʚʦʨʝʥʥʷ ʜʝʨʝʚʘ ʤʦʜʝʣʽ ʥʘʪʠʩʢʘʥʥʷʤ ʥʘ 

ʢʥʦʧʢʫ . 

  ɺʽʜʢʨʠʡʪʝ ʇɺ ʚʫʟʣʘ Component 1 (comp 1) ʽ ʚʚʝʜʽʪʴ 

   General  - Unit  system = None 

ɻʝʦʤʝʪʨʽʷ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʚʽʜʨʽʟʢʘ. ʇʦʙʫʜʫʡʪʝ ʡʦʛʦ. 
  Geometry - >Pimitives - > Interval 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʠ ʚʽʜʨʽʟʢʘ ʟʙʽʛʘʶʪʴʩʷ ʟ ʪʠʤʠ, ʷʢʽ ʥʘʤ ʧʦʪʨʽʙʥʽ. ʅʝ 

ʤʽʥʷʡʪʝ ʾʭ. ɿʘʚʝʨʰʽʪʴ ʢʨʝʩʣʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʢʣʘʮʘʥʥʷʤ ʧʦ ʢʥʦʧʮʽ Build All Objects. 

  ʇʦʙʫʜʫʡʪʝ ʉʢɽ ʩʽʪʢʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ Mesh 1 ʚʚʝʜʽʪʴ: 

   Mesh Settings ïElement size = Finer  
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ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Build All. ɺ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʚʠ ʧʦʙʘʯʠʪʝ ʟʦʙʨʘʞʝʥʥʷ 

ʚʽʜʨʽʟʢʘ ʟ ʪʦʯʢʘʤʠ ʨʦʟʙʠʪʪʷ. 

  ɺʽʜʢʨʠʡʪʝ ʇɺ ʚʫʟʣʘ Coefficient Form PDE (c) - Coefficient Form PDE 1. ɺ 

ʨʦʟʜʽʣʽ Equation  ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʝʬʽʮʽʻʥʪʥʦʾ ʬʦʨʤʠ ʩʠʩʪʝʤʠ 

ɼʈʏʇ. 
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  ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (6) ʚ ʤʘʪʨʠʯʥʦʤʫ ʟʘʧʠʩʫ ʤʘʻ ʚʠʛʣʷʜ 
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ʑʦʙ ʢʦʝʬʽʮʽʻʥʪʥʘ ʬʦʨʤʘ ʥʘʙʫʣʘ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ, ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʥʘʩʪʫʧʥʽ 

ʟʥʘʯʝʥʥʷ: 

   Diffusion Coefficient ï c = öö
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ʊʝʥʟʦʨʠ ba,,ad  ʽ ʚʝʢʪʦʨ g ʚ ʥʘʰʽʡ ʟʘʜʘʯʽ ʩʣʽʜ ʧʦʢʣʘʩʪʠ ʨʽʚʥʠʤʠ ʥʫʣʶ. 

ʇʝʨʝʚʽʨʪʝ ʪʘʢʦʞ, ʱʦ ʚ ʧʦʪʦʯʥʽʡ ʧʘʥʝʣʽ (Coefficient Form PDE 1 ) ʚ ʨʦʟʜʽʣʽ 

Domain Selection  ʩʪʦʾʪʴ 1, ʪʦʙʪʦ ʦʙʨʘʥʠʡ ʚʽʜʨʽʟʦʢ. 

  ɿʘʜʘʡʪʝ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʚʠʢʦʥʘʚʰʠ ʢʦʤʘʥʜʫ 
  Physics - >Boundaries - >Dirichlet Boundary Condition 

ɸʢʪʠʚʫʡʪʝ ʩʪʚʦʨʝʥʠʡ ʚʫʟʦʣ Dirichlet Boundary Condition 1  ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ 

Active ʚ ʨʦʟʜʽʣʽ Boundary Selection , ʷʢʱʦ ʚʦʥʘ ʱʝ ʥʝ ʥʘʪʠʩʥʫʪʘ. ʄʠʰʢʦʶ 

ʢʣʘʮʥʽʪʴ ʧʦ ʣʽʚʦʤʫ ʢʽʥʮʶ ʚʽʜʨʽʟʢʘ (ʪʦʯʢʘ 1), ʘ ʧʦʪʽʤ ʧʦ ʧʨʘʚʦʤʫ ʢʽʥʮʶ (ʪʦʯʢʘ 2), 

ʜʦʜʘʚʰʠ ʽʥʜʠʢʘʪʦʨʠ ʪʦʯʦʢ ʚ ʩʝʢʮʽ ʁʚʠʙʦʨʫ Selection . ɺ ʨʦʟʜʽʣʽ Dirichlet 

Boundary Condition  ʚ ʧʦʣʷʭ r1 ʽ r2 ʚʚʝʜʽʪʴ 0 - ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ u ʽ 

v. 

  ɿʘʡʜʽʪʴ ʚ ʇɺ ʚʫʟʣʘ Initial Values 1 ʽ ʧʝʨʝʚʽʨʪʝ, ʱʦ ʚ ʩʧʠʩʢʫ Domain 

Selection  - Selection  ʩʪʦʾʪʴ ʦʜʠʥʠʮʷ (ʽʥʜʠʢʘʪʦʨ ʚʽʜʨʽʟʢʘ). ʇʦʪʽʤ ʚʚʝʜʽʪʴ 

   Initial Values  ï Initial value for u  ï u = 

                sin(pi*x)+0.5*sin(3*pi*x)  

   Initial Values  ï Initial value for v  ï v = 

         - pî 2*sin(pi*x) - 0.5*9*pî 2*sin(3*pi*x)  
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   Initial Values  ï In itial time derivative of u  ï 
⸗◊

⸗◄
 = 0  

   Initial Values  ï Initial time derivative of v  ï 
⸗○

⸗◄
 = 0  

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʧʦʪʨʽʙʥʦ ʟʘʜʘʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʬʫʥʢʮʽʾ v, ʭʦʯʘ ʟʘ 

ʟʤʽʩʪʦʤ ʟʘʜʘʯʽ ʚʦʥʠ ʥʝʧʦʪʨʽʙʥʽ. ʆʩʢʽʣʴʢʠ xxuv ¡¡= , ʪʦ ʟʘʧʠʩʘʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 

ʜʣʷ ʬʫʥʢʮʽʾ v ʥʝʩʢʣʘʜʥʦ: ( ) ),0(,0 xuxv xx
¡¡= . ʆʜʥʘʢ ʜʣʷ ʬʫʥʢʮʽʾ v ʤʦʞʥʘ 

ʟʘʣʠʰʠʪʠ ʥʫʣʴʦʚʽ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʘʙʦ ʚʚʝʩʪʠ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ. ʈʝʟʫʣʴʪʘʪ ʥʝ 

ʟʤʽʥʠʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʬʫʥʢʮʽʾ v ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

  ʅʘʣʘʰʪʫʡʪʝ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʽ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʴ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ 

Step 1: Time Dependent ʚʚʝʜʽʪʴ 

   Study Settings ï Times  = range(0,0.05,0.5)  

ɺʩʪʘʥʦʚʽʪʴ ʧʝʨʝʤʠʢʘʯ Study Settings  - Relative tolerance  ʽ ʟʘʜʘʡʪʝ 

ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʦʙʯʠʩʣʝʥʴ 0.00001 . 

  ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

  Study -> Show Default Solver 

ʚʽʜʦʙʨʘʟʠʚʰʠ ʧʽʜʚʫʟʣʠ ʛʽʣʢʠ Study 1 ʜʝʨʝʚʘ ʤʦʜʝʣʽ (ʷʢʱʦ ʚ ʜʝʨʝʚʽ ʾʭ ʱʝ ʥʝʤʘʻ). 

ʈʦʟʢʨʠʡʪʝ ʛʽʣʢʫ Study 1 ʽ ʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Study 1 - Solver Configurations - 

Solution 1 - Time - Dependent Solver 1. ɺ ʡʦʛʦ ʇɺ ʚʚʝʜʽʪʴ 

   Absolute  Tolerance  ï Tolerance  = 0.00001  

ɺʠʢʦʥʘʡʪʝ ʦʙʯʠʩʣʝʥʥʷ ʢʦʤʘʥʜʦʶ 
  Home - > Compute 

ɺ ʛʽʣʮʽ Results ʟ'ʷʚʠʪʴʩʷ ʛʽʣʢʘ 1D Plot Group 1 ʛʨʫʧʠ ʛʨʘʬʽʢʽʚ ʟ ʚʫʟʣʦʤ Line 

Graph 1, ʱʦ ʤʽʩʪʠʪʴ ʛʨʘʬʽʢʠ ʨʦʟʚôʷʟʢʫ ( )xtu ,  ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ɺ ʇɺ ʚʫʟʣʘ 

1D Plot Group 1 ʚʝʜʽʪʴ 

   Data  ï Time selection   = Manual  

   Data  ï Time(s)(1 -11)  = range(1,1,8)  

ʚʠʙʨʘʚʰʠ ʮʠʤ ʧʝʨʰʽ 8 ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʪʽʣʴʢʠ ʜʣʷ ʥʠʭ. 

 
ɺ ʇɺ ʚʫʟʣʘ 1D Plot Group 1 - Line Graph 1 ʚʚʝʜʽʪʴ 

   x- Axis Data  ï Parameter , Expression   = Expression , x  

ʱʦʙ ʚʽʜʥʝʩʪʠ ʛʨʘʬʽʢʠ ʜʦ ʢʦʦʨʜʠʥʘʪʠ x ʚʟʜʦʚʞ ʦʩʽ ʙʘʣʢʠ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʣʝʛʝʥʜʠ ʚ ʇɺ ʚʫʟʣʘ 1D Plot Group 1 - Line Graph 1 ʚʩʪʘʥʦʚʽʪʴ ʧʝʨʝʤʠʢʘʯ 

Show legends . 

 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠ ʦʪʨʠʤʘʻʪʝ ʛʨʘʬʽʢʠ ʥʝʡʪʨʘʣʴʥʦʾ ʚʽʩʽ ʙʘʣʢʠ ʜʣʷ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, 

ʥʘʚʝʜʝʥʠʭ ʚ çʣʝʛʝʥʜʽè. 
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ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʥʝʡʪʨʘʣʴʥʦʾ ʚʽʩʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʽ ʘʥʘʣʽʪʠʯʥʫ ʬʦʨʤʫʣʫ (5). 

  ʉʪʚʦʨʽʪʴ ʛʨʫʧʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʢʦʤʘʥʜʦʶ 
  Results  - > 1D Plot Group 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ 1D Plot Group 2 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Study 1/Solution 1  

   Data ï Time selection = Manual  

   Data ï Time(s) (1- 11) = 1, 4, 8 

ʇʦʪʽʤ ʜʚʽʯʽ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 
  1D Plot Group  2- > Line Graph 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Line Graph 1 ʚ ʨʦʟʜʽʣʽ Selection  ʦʙʝʨʽʪʴ ʚʽʜʨʽʟʦʢ 

(ʡʦʛʦ ʽʥʜʠʢʘʪʦʨ 1 ʟ'ʷʚʠʪʴʩʷ ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ)  ʽ ʚʚʝʜʽʪʴ 

   y- Axis Data  ï Expression   = u 

   x- Axis Data  ï Parameter , Expression   = Expression , x  

   Legends  ï Show legends  = True  

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Line Graph 2 ʚ ʨʦʟʜʽʣʽ Selection  ʚʠʙʝʨʽʪʴ ʚʽʜʨʽʟʦʢ ʽ 

ʚʚʝʜʽʪʴ 

   y- Axis Data  ï Expression   = cos(pî 2*t)*sin(pi*x)+  
              0.5*cos(9*pî 2*t)*sin(3*pi*x)+0.07  

   x- Axis Data  ï Parameter, Expression   = Expression , x  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʨʘʬʽʯʥʘ ʛʨʫʧʘ ʙʫʜʝ ʤʽʩʪʠʪʠ ʛʨʘʬʽʢʠ ʥʝʡʪʨʘʣʴʥʦʾ ʚʽʩʽ, ʧʦʙʫʜʦʚʘʥʽ 

ʜʣʷ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ (0, 0.15   ʽ 0.35 )  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʪʘ ʘʥʘʣʽʪʠʯʥʦ ʾ ʬʦʨʤʫʣʠ (5). ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʛʨʘʬʽʢʠ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʟʩʫʥʫʪʽ ʚʛʦʨʫ ʥʘ ʥʝʚʝʣʠʢʫ ʢʦʥʩʪʘʥʪʫ 0.07 . ʗʢʱʦ ʾʾ ʟ ʬʦʨʤʫʣʠ 

ʟʘʙʨʘʪʠ, ʪʦ ʢʨʠʚʽ ʩʧʽʚʧʘʜʫʪʴ. 
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ɺʧʨʘʚʘ. ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʨʽʟʥʠʮʽ ʯʠʩʝʣʴʥʦʛʦ ʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʽʚ. 

ɿʥʘʡʜʽʪʴ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ (ʤʘʢʩʠʤʫʤ ʤʦʜʫʣʷ ʨʽʟʥʠʮʽ ʮʠʭ ʨʦʟʚôʷʟʢʽʚ). 

ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʨʽʟʥʠʮʽ ʧʝʨʰʠʭ ʧʦʭʽʜʥʠʭ ʧʦ x ʯʠʩʝʣʴʥʦʛʦ ʽ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʨʦʟʚôʷʟʢʽʚ. ʇʦʙʫʜʫʡʪʝ ʽ ʧʦʨʽʚʥʷʡʪʝ  ʛʨʘʬʽʢʠ ʬʫʥʢʮʽʾ ),( txv , ( )txuxx ,  ʪʘ ( )txwxx , . 

 

1.6.3.  ʆʩʝʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʨʫʛʣʦʾ ʤʝʤʙʨʘʥʠ. 

ɺʽʣʴʥʽ ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʨʫʛʦʚʦʾ ʤʝʤʙʨʘʥʠ ʨʘʜʽʫʩʘ R, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ 

ʥʘ ʢʦʥʪʫʨʽ, ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 
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,  ( ) 0, =Rtu            (1) 

ʈʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ (1) ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ό0,ὶ= Ὑ2 ὶ2,  όᴂὸ0,ὶ= 0 , 
ʷʢʽ ʦʧʠʩʫʶʪʴ ʢʦʣʠʚʘʥʥʷ ʟ ʧʘʨʘʙʦʣʦʾʜʘʣʴʥʦʶ ʧʦʯʘʪʢʦʚʦʶ ʬʦʨʤʦʶ ʽ ʥʫʣʴʦʚʦʶ 

ʧʦʯʘʪʢʦʚʦʶ ʰʚʠʜʢʽʩʪʶ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʽʟʴʤʝʤʦ 1=R   ̔  1=a . 

  ʉʪʚʦʨʽʪʴ ʤʦʜʝʣʴ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʦʤʘʥʜ: 
   File- >New- >Model Wizard- >1D Axisymmetric- > 

    Mathematics ï PDE Interfaces ï Coefficient From PDE(c) - > 

    TimeDependent 

ɺ̔ ʜʢʨʠʡʪʝ ʇɺ ʚʫʟʣʘ Component 1 (comp 1) ʽ ʚʚʝʜʽʪʴ 

   General - Unit system = None 

ʊʫʪ ʞʝ ʚ ʪʘʙʣʠʮʽ ʨʦʟʜʽʣʫ Spatial coordinates  ʚʠ ʤʦʞʝʪʝ ʜʽʟʥʘʪʠʩʷ (ʘʙʦ 

ʧʦʤʽʥʷʪʠ) ʽʤʝʥʘ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʤʦʜʝʣʽ. 

 
ɻʝʦʤʝʪʨʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʚʽʜʨʽʟʢʘ, ʦʙʝʨʪʘʥʥʷʤ ʷʢʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʦʩʝʩʠʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ. ʇʦʙʫʜʫʡʪʝ ʡʦʛʦ. 
  Geometry  - > Pimitives  - > Interval 

ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʠ ʚʽʜʨʽʟʢʘ ʟʙʽʛʘʶʪʴʩʷ ʟ ʪʠʤʠ, ʷʢʽ ʥʘʤ ʧʦʪʨʽʙʥʽ. ʅʝ 

ʤʽʥʷʡʪʝ ʾʭ. ɿʘʚʝʨʰʽʪʴ ʩʪʚʦʨʝʥʥʷ ʚʽʜʨʽʟʢʘ ʢʣʘʮʘʥʥʷʤ ʧʦ ʢʥʦʧʮʽ Build All Objects. 

 
ɺʽʜʢʨʠʡʪʝ ʇɺ ʚʫʟʣʘ Coefficient Form PDE (c) - Coefficient Form PDE 1. ɺ 

ʨʦʟʜʽʣʽ Equation  ʮʽʻʾ ʧʘʥʝʣʽ ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʝʬʽʮʽʻʥʪʥʦ ʾʬʦʨʤʠ 
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ʜʝ 
rµ

µ
=Ð . ʑʦʙ ʮʝ ʨʽʚʥʷʥʥʷ ʧʨʠʡʥʷʣʦ ʚʠʜ (1), ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʥʘʩʪʫʧʥʽ 

ʟʥʘʯʝʥʥʷ: 

   Diffusion Coefficient ï c = 1 

   Absorption  Coefficient ï a = 0 

   Source Term ï f = 0 

   Mass Coefficient ï ea = 1 

   Damping or Mass Coefficient ï da = 0 

   Convection Coefficient ï b = - 1/r  

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ a ʽ g ʟʘʣʠʰʪʝ ʙʝʟ ʟʤʽʥ (ʥʫʣʴʦʚʠʤʠ). ʇʝʨʝʚʽʨʪʝ ʪʘʢʦʞ, ʱʦ 

ʚ ʧʦʪʦʯʥʽʡ ʧʘʥʝʣʽ (Coefficient Form PDE 1 ) ʚ ʩʝʢʮʽʾ ʚʠʙʦʨʫ ʨʦʟʜʽʣʫ Domain 

Selection  ʩʪʦʾʪʴ 1, ʪʦʙʪʦ ʦʙʨʘʥʠʡ ʚʽʜʨʽʟʦʢ. 

  ɿʘʜʘʡʪʝ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʚʠʢʦʥʘʚʰʠ ʢʦʤʘʥʜʫ 
  Physics - >Boundaries - >Dirichlet Boundary Condition 

ɸʢʪʠʚʫʡʪʝ ʩʪʚʦʨʝʥʠʡ ʚʫʟʦʣ Dirichlet Boundary Condition 1. ɺ ʡʦʛʦ ʇɺ ʚ 

ʨʦʟʜʽʣʽ Boundary  Selection  ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Active (ʷʢʱʦ ʚʦʥʘ ʱʝ ʥʝ 

ʘʢʪʠʚʥʘ) ʽ ʤʠʰʝʶ ʚʠʜʽʣʽʪʴ ʧʨʘʚʫ ʪʦʯʢʫ ʚʽʜʨʽʟʢʘ. ɰʾ ʽʥʜʠʢʘʪʦʨ 2 ʙʫʜʝ ʜʦʜʘʥʦ ʚ 

ʩʝʢʮʽʶ ʚʠʙʦʨʫ Selection. ɺ ʨʦʟʜʽʣʽ Dirichlet Boundary Condition  ʚ ʧʦʣʽ r  

ʟʘʣʠʰʪʝ ʟʥʘʯʝʥʥʷ 0. 

  ɺʽʜʢʨʠʡʪʝ ʚ ʇɺ ʚʫʟʣʘ Zero Flux 1 ʽ ʧʝʨʝʢʦʥʘʡʪʝʩʷ, ʱʦ ʜʣʷ ʣʽʚʦʾ ʪʦʯʢʠ 

(ʽʥʜʠʢʘʪʦʨ 1) ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ (ʥʘʩʧʨʘʚʜʽ ʚ ʮʽʡ ʪʦʯʮʽ ʚʦʥʦ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʜʘʻʪʴʩʷ ʫʤʦʚʦʶ ʩʠʤʝʪʨʽʾ 0
1int

=
µ

µ

po
r

u
). 

  ɿʘʡʜʽʪʴ ʚ ʇɺ ʚʫʟʣʘ Initial Values 1 ʽ ʧʝʨʝʚʽʨʪʝ, ʱʦ ʚ ʩʧʠʩʢʫ Domain  

Selection  ï Selection  ʩʪʦʾʪʴ ʦʜʠʥʠʮʷ (ʽʥʜʠʢʘʪʦʨ ʚʽʜʨʽʟʢʘ). ʇʦʪʽʤ ʚʚʝʜʽʪʴ 

   Initial Values  ï Initial value for u  ï u = 1 - r̂ 2  

   Initial Values  ï Initial time derivative of u  ï 
⸗◊

⸗◄
 = 0  

ʅʘʣʘʰʪʫʡʪʝ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʽ ʧʦʭʠʙʢʫ ʦʙʯʠʩʣʝʥʴ. ɺ ʇɺ ʚʫʟʣʘ Step 1: Time 

Dependent ʚʚʝʜʽʪʴ 

   Study Settings ï Times  = range(0,0.05,10)  

ʎʠʤ ʤʠ ʟʘʜʘʻʤʦ ʽʥʪʝʨʚʘʣ ʯʘʩʫ (ʚʽʜ 0 ʜʦ 10), ʥʘ ʷʢʦʤʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʯʠʩʝʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʚʘʣ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ, ʜʣʷ ʷʢʠʭ ʨʦʟʚôʷʟʦʢ 

ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʷ. 

  ɺʩʪʘʥʦʚʽʪʴ ʧʨʘʧʦʨʝʮʴ ʚ ʧʝʨʝʤʠʢʘʯʽ Study  Settings  ï Relative  
tolerance   ̔  ʟʘʜʘʡʪʝ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʦʙʯʠʩʣʝʥʴ 0.00001 . 

  ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 

  Study -> Show Default Solver 

ʚʽʜʢʨʠʚʰʠ ʧʽʜʚʫʟʣʠ ʛʽʣʢʠ Study 1 ʜʝʨʝʚʘ ʤʦʜʝʣʽ. ʈʦʟʢʨʠʡʪʝ ʮʶ ʛʽʣʢʫ ʽ 

ʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Study 1 - Solver Configurations - Solution 1 - Time - Dependent 

Solver 1. ɺ ʡʦʛʦ ʇɺ ʚʚʝʜʽʪʴ 

   Absolute  Tolerance  ï Tolerance  = 0.00001  

ʇʦʙʫʜʫʡʪʝ ʉʢɽ ʩʽʪʢʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ Mesh 1 ʚʚʝʜʽʪʴ: 
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   Mesh Settings ïElement size = Finer  

ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Build All. ʋ ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ ʚʠ ʧʦʙʘʯʠʪʝ ʟʦʙʨʘʞʝʥʥʷ 

ʚʽʜʨʽʟʢʘ ʟ ʪʦʯʢʘʤʠ ʨʦʟʙʠʪʪʷ. 

  ɺʠʢʦʥʘʡʪʝ ʦʙʯʠʩʣʝʥʥʷ ʢʦʤʘʥʜʦʶ 
  Home - > Compute 

ɺ ʛʽʣʮʽ Results - Data Sets ʟ'ʷʚʣʷʪʴʩʷ ʜʚʘ ʚʫʟʣʠ Study 1/Solution 1 ʽ 

Revolution 1D 1 ʟ ʨʦʟʚôʷʟʢʘʤʠ, ʘ ʪʘʢʦʞ ʚʫʟʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʾʭ ʛʨʘʬʽʢʠ. ʉʧʦʯʘʪʢʫ 

ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ, ʧʦʚ'ʷʟʘʥʝ ʟ ʚʫʟʣʦʤ 1D Plot Group 1 ʤʽʩʪʠʪʴ ʛʨʘʬʽʢʠ ʨʦʟʚôʷʟʢʫ 

( )rtu ,  ʜʣʷ ʚʩʽʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʟ ʤʘʩʠʚʫ range (0,0.05,10) . ʁʦʛʦ ʤʠ ʟʘʜʘʣʠ ʚ 

ʇɺ ʚʫʟʣʘ Step 1: Time Dependent ʚ ʧʦʣ ̔ Times . ʇʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ 

ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥʠʡ, ʦʩʢʽʣʴʢʠ ʢʨʠʚʠʭ ʙʘʛʘʪʦ. ɺʠʙʝʨʝʤʦ ʟ ʥʠʭ ʪʽʣʴʢʠ ʜʝʷʢʽ. ɼʣʷ 

ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ 1D Plot Group 1 ʚʚʝʜʽʪʴ: 

   Dataï Data set  = Study 1/Solution 1  

   Dataï Time selection  = Manual  

   Dataï Time(s) (1- 101) = range(1,1,14)  

   Axis ïManual axis limits = ɺʢʣʶʯʠʪʠ 

   Axis ïx minimum , x maximum  = 0, 1      (ʜʚʘ ʧʦʣʷ) 

   Axis ïy minimum , y maximum  = - 1.5  , 1.5    (ʜʚʘ ʧʦʣʷ) 

   LegendïShow legends = True  

ɿʘʜʘʥʥʷ ʚ ʧʦʣʽ Time(s)  ʩʧʠʩʢʫ ʥʦʤʝʨʽʚ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ 

ʛʨʘʬʽʢʠ ʪʽʣʴʢʠ ʚ ʙʘʞʘʥʽ ʤʦʤʝʥʪʠ. ɺʤʠʢʘʥʥʷ çʣʝʛʝʥʜʠè (Show legends  = True ) 

ʚ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ (ʘ ʪʘʢʦʞ ʚ ʜʦʯʽʨʥʴʦʤʫ ʛʨʘʬʽʯʥʦʤʫ ʚʫʟʣʽ Line Graph 1) 

ʚʽʜʦʙʨʘʞʘʻ ʥʘ ʛʨʘʬʽʢʫ ʪʘʙʣʠʮʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʽ ʢʨʠʚʠʭ. 

 
ɻʨʘʬʽʯʥʘ ʛʨʫʧʘ 2D Plot Group 2 ʚʽʜʦʙʨʘʞʘʻ ʛʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ( )yxtu ,,  ʜʣʷ 

ʤʦʤʝʥʪʫ ʯʘʩʫ, ʷʢʠʡ ʦʙʨʘʥʠʡ ʚ ʩʧʠʩʢʫ Data  ï Time (s). ɺʩʪʘʥʦʚʠʤʦ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʫʣʴʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

2D Plot Group 2: Data  ï Time  (s) = 0 

ʉʢʦʨʝʛʫʻʤʦ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Revolution 1D 1, ʱʦʙ ʚʦʥʦ ʧʨʝʜʩʪʘʚʣʷʣʦ ʧʦʚʥʝ 

ʢʦʣʦ. ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ Data Sets - Revolution 1D 1 ʚʚʝʜʽʪʴ 

   Revolution Layers  ï Start angle, Revolution angle  = 0, 360  

ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot. 

  ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʛʽʣʮʽ 2D Plot Group 2 - Surface 1 ʽ 

ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ Height Expression 1. ɺ ʡʦʛʦ ʇɺ ʚ ʧʦʣʽ Scale factor  ʚʩʪʘʥʦʚʽʪʴ 

ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʦʟʤʽʨʽʚ 1, ʽ ʥʘʪʠʩʥʽʪʴ ʢʥʦʧʢʫ Plot. ʅʘ 
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ʟʦʙʨʘʞʝʥʥʽ, ʢʨʽʤ ʧʦʚʝʨʭʥʽ, ʙʫʜʝ ʧʦʢʘʟʘʥʘ ʧʨʦʩʪʦʨʦʚʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʽʪʢʘ. ʑʦʙ ʾʾ 

ʚʠʜʘʣʠʪʠ ʚ ʇɺ ʚʫʟʣʘ Results - Views -View 3D 3 ʟʥʽʤʽʪʴ ʧʝʨʝʤʠʢʘʯ Show grid . 

 
ɺʢʣʶʯʘʪʠ ʽ ʚʠʢʣʶʯʘʪʠ ʢʦʦʨʜʠʥʘʪʥʫ ʩʽʪʢʫ ʤʦʞʥʘ ʪʘʢʦʞ ʢʥʦʧʢʦʶ  Show Grid, 

ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ. 

  ɿʤʽʥʶʶʯʠ ʚ ʇɺ ʚʫʟʣʘ 2D Plot Group 2 ʚ ʩʧʠʩʢʫ Data  ï Time (s) ʟʥʘʯʝʥʥʷ 
ʤʦʤʝʥʪʫ ʯʘʩʫ, ʚʠ ʙʫʜʝʪʝ ʦʪʨʠʤʫʚʘʪʠ ʥʦʚʠʡ ʛʨʘʬʽʢ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ. ʆʜʥʘʢ 

ʢʦʣʴʦʨʦʚʘ ʧʘʣʽʪʨʘ ʜʣʷ ʢʦʞʥʦʛʦ ʛʨʘʬʽʢʘ ʙʫʜʝ ʩʚʦʷ. ʑʦʙ ʛʨʘʬʽʢʠ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʜʥʘʢʦʚʫ ʧʘʣʽʪʨʫ ʽ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ 

ʧʨʦʩʪʦʨʦʚʽʡ ʟʦʥʽ, ʧʦʪʨʽʙʥʦ çʚʨʫʯʥʫè ʟʘʜʘʪʠ ʜʽʘʧʘʟʦʥʠ ʟʤʽʥʠ ʢʦʣʴʦʨʫ ʽ ʜʘʥʠʭ. 

ɼʣʷ ʮʴʦʛʦ ʚ ʇɺ ʚʫʟʣʘ 2D Plot Group 2 ï Surface 1 ʚʚʝʜʽʪʴ 

   Range ï Manual  color  range   = True  

   Range ï Manual color range  ï Minimum , Maximum   = - 1.5 ,  1.5  

   Range ï Manual data range  = True  

   Range ï Manual data range  ï Minimum , Maximum   = - 1.5 ,1.5  

ɿʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʚ ʥʫʣʴʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʟ ʢʦʦʨʜʠʥʘʪʥʦʾ 

ʩʽʪʢʦʶ), ʽ ʚ ʤʦʤʝʥʪ 1.2  (ʙʝʟ ʩʽʪʢʠ) ʧʦʢʘʟʘʥʽ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ʑʦʙ 

ʦʪʨʠʤʘʪʠ ʪʘʢʽ ʟʦʙʨʘʞʝʥʥʷ, ʤʦʞʣʠʚʦ, ʚʘʤ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʟʤʽʩʪʠʪʠ ʦʙôʻʢʪʠ ʚ 

ʛʨʘʬʽʯʥʦʤʫ ʚʽʢʥʽ. ɼʣʷ ʮʴʦʛʦ ʧʽʜʚʝʜʽʪʴ ʧʦʢʘʞʯʠʢ ʤʠʰʽ ʜʦ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʪʠʩʥʽʪʴ 

ʧʨʘʚʫ ʢʥʦʧʢʫ ʽ, ʥʝ ʚʽʜʧʫʩʢʘʶʯʠ, ʧʝʨʝʤʽʩʪʽʪʴ ʤʠʰʫ (ʘ ʨʘʟʦʤ ʟ ʥʝʶ ʟʦʙʨʘʞʝʥʥʷ) ʚ 

ʥʦʚʝ ʤʽʩʮʝ. 

         
ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʣʽʥʽʾ ʧʝʨʝʨʽʟʫ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ. 

ɼʣʷ ʮʴʦʛʦ ʩʧʦʯʘʪʢʫ ʜʦʜʘʡʪʝ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʚʠʢʦʥʘʚʰʠ ʢʦʤʘʥʜʫ 

  Results -> Cut Line 2D 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Cut Line 2D 1 ʚʚʝʜʽʪʴ 

   Data  ï Data set  = Revolution 1D 1  
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   Line Data ï Point 1 ï r = - 1 

   Line Data ï Point 2 ï r =  1 

ʇʦʙʫʜʫʡʪʝ ʟʦʙʨʘʞʝʥʥʷ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʢʦʤʘʥʜʦʶ Plot. 

 
ʊʝʧʝʨ ʩʪʚʦʨʽʪʴ ʛʨʫʧʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʢʦʤʘʥʜʦʶ 
  Results  - > 1D Plot Group 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ 1D Plot Group 3 ʚʚʝʜʽʪʴ: 

   Data ï Data set = Cut Line 2D 1  

ʇʦʪʽʤ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 
  1D Plot Group 3 - > Line Graph 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Line Graph 1 ʟʘʣʠʰʪʝ ʙʝʟ ʟʤʽʥ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʛʨʘʬʽʯʥʘ ʛʨʫʧʘ ʙʫʜʝ ʤʽʩʪʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʨʘʬʽʢʽʚ ʜʣʷ ʚʩʽʭ 

ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʟ ʤʘʩʠʚʫ range(0,0.05,10) . 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʚʽʩʴ ʚʽʜʥʝʩʝʥʘ ʜʦ ʜʦʚʞʠʥʠ ʜʫʛʠ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ Cut Line 2D 1. ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥʽ, ʘʣʝ ʚʦʥʠ 

ʟʥʘʜʦʙʣʷʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʘʥʽʤʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ 
  Results  ï> Animation ï> Player 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Animation 1 ʚʚʝʜʽʪʴ: 

   Scene  ï Subject  = 1D Plot Group 3  

   Target  ï Target  = Player  

   Animation Editing  ï Loop over  = Time  

   Animation Editing  ï Time selection  = All  

   Frames  ï Frame selection  = All  

ɿʛʝʥʝʨʫʡʪʝ ʢʘʜʨʠ ʘʥʽʤʘʮʽʾ, ʥʘʪʠʩʥʫʚʰʠ ʢʥʦʧʢʫ  Generate Frame. ʇʦ 

ʟʘʚʝʨʰʝʥʥʽ ʧʨʦʮʝʩʫ ʟʘʧʫʩʪʽʪʴ ʘʥʽʤʘʮʽʶ ʢʥʦʧʢʦʶ  Play, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ 

ʛʨʘʬʽʯʥʠʤ ʚʽʢʥʦʤ. 

  ɿʙʝʨʝʞʽʪʴ ʧʦʪʦʯʥʠʡ ʬʘʡʣ, ʥʘʧʨʠʢʣʘʜ, ʟ ʽʤôʷʤ vibrmembrane . mph, ʙʦ ʚʽʥ 

ʥʘʤ ʱʝ ʟʥʘʜʦʙʠʪʴʩʷ. 
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ɺʧʨʘʚʘ. ʈʦʟʚôʷʞʽʪʴ ʟʘʜʘʯʫ ʧʨʦ ʢʦʣʠʚʘʥʥʷ ʢʚʘʜʨʘʪʥʦʾ ʤʝʤʙʨʘʥʠ [ ][ ]1,01,0 ³=W , 

ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʢʦʥʪʫʨʽ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʴʪʝ ʨʽʚʥʷʥʥʷ öö
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ʟ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ 0=

Wµ
u . ɿʘʜʘʡʪʝ ʧʦʯʘʪʢʦʚʠʡ ʧʨʦʬʽʣʴ ʫ ʚʠʛʣʷʜʽ 

( ) yxyxu pp sinsin,,0 = , ʽ ʥʫʣʴʦʚʫ ʧʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ. ʇʦʨʽʚʥʷʡʪʝ ʯʠʩʝʣʴʥʠʡ 

ʨʦʟʚôʷʟʦʢ ʟ ʘʥʘʣʽʪʠʯʥʠʤ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ ( ) ( ) yxtayxtu ppp sinsin2cos,, = , 

ʧʦʙʫʜʫʚʘʚʰʠ ʛʨʘʬʽʢ ʨʽʟʥʠʮʽ ʨʦʟʚôʷʟʢʽʚ ʫʟʜʦʚʞ ʜʽʘʛʦʥʘʣʽ ʢʚʘʜʨʘʪʘ. ʇʦʙʫʜʫʡʪʝ 

ʘʥʽʤʘʮʽʶ ʢʦʣʠʚʘʥɹ  ʢʚʘʜʨʘʪʥʦʾ ʤʝʤʙʨʘʥʠ. 

 

1.7. ʄʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʪʘ ʦʧʝʨʘʪʦʨʠ.  

ʋ ʧʦʧʝʨʝʜʥʽʭ ʧʨʠʢʣʘʜʘʭ ʤʠ ʢʽʣʴʢʘ ʨʘʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ. 

ʂʦʨʦʪʢʦ ʦʧʠʰʝʤʦ ʧʨʘʚʠʣʘ ʾʭ ʧʦʙʫʜʦʚʠ. 

  ʄʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʧʦʟʥʘʯʘʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʥʘʯʢʘʤʠ. 

ʋʥʘʨʥʽ ʦʧʝʨʘʮʽʾ: !, ï, + (ʣʦʛʽʯʥʝ ʟʘʧʝʨʝʯʝʥʥʷ, ʤʽʥʫʩ, ʧʣʶʩ). 

ɹʽʥʘʨʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʦʧʝʨʘʮʽʾ: ^ , * , /, +, ï (ʧʽʜʥʝʩʝʥʥʷ ʜʦ ʩʪʝʧʝʥʷ, ʤʥʦʞʝʥʥʷ, 

ʜʽʣʝʥʥʷ, ʜʦʜʘʚʘʥʥʷ ʽ ʚʽʜʥʽʤʘʥʥʷ). 

ʆʧʝʨʘʮʽʾ ʧʦʨʽʚʥʷʥʥʷ: <, <=, >, >=, ==, != 

ʃʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ: &&, || (ʣʦʛʽʯʥʝ  ɯ  , ʣʦʛʽʯʥʝ ɸɹʆ). 

ʇʨʽʦʨʠʪʝʪ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟʚʠʯʘʡʥʠʡ. ɼʣʷ ʟʤʽʥʠ ʧʦʨʷʜʢʫ ʚʠʢʦʥʘʥʥʷ 

ʦʧʝʨʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʨʫʛʣʽ ʜʫʞʢʠ. 

  ʋ ʚʠʨʘʟʘʭ COMSOL Multiphysics ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʚʙʫʜʦʚʘʥʽ 

ʢʦʥʩʪʘʥʪʠ ʽ ʬʫʥʢʮʽʾ. ɰʭ ʽʤʝʥʘ ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʧʦʟʥʘʯʝʥʽ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. ʗʢʱʦ ʚʠ ʩʧʨʦʙʫʻʪʝ ʚʠʢʦʨʠʩʪʘʪʠ ʪʘʢʝ ʽʤ'ʷ ʜʣʷ ʟʤʽʥʥʦʾ, ʧʘʨʘʤʝʪʨʘ 

ʘʙʦ ʬʫʥʢʮʽʾ, ʪʦ ʪʝʢʩʪ, ʷʢʠʡ ʚʠ ʚʚʝʜʝʪʝ, ʩʪʘʥʝ ʧʦʤʘʨʘʥʯʝʚʠʤ (ʧʦʧʝʨʝʜʞʝʥʥʷ) ʘʙʦ 

ʯʝʨʚʦʥʠʤ (ʧʦʤʠʣʢʘ). ʇʨʠ ʧʽʜʚʝʜʝʥʥʽ ʧʦʢʘʞʯʠʢʘ ʤʠʰʽ ʜʦ ʪʘʢʦʛʦ ʪʝʢʩʪʫ ʩʧʣʠʚʝ 

ʧʦʷʩʥʶʚʘʣʴʥʘ ʧʽʜʢʘʟʢʘ. 

  ʆʩʴ ʧʨʠʢʣʘʜʠ ʜʝʷʢʠʭ ʟʘʨʝʟʝʨʚʦʚʘʥʠʭ ʽʤʝʥ: 

¶ ʢʦʥʩʪʘʥʪʘ pi  (3.141592...),  

¶ eps  ï ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ  (ʤʘʰʠʥʥʘ ʽʧʩʠʣʦʥ 2
-52

, ʘʙʦ ʧʨʠʙʣʠʟʥʦ  

2.2204Ŀ10
-16

);  

¶ inf , Inf  ï ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ, Ð;  

¶ Nan, nan (Not-a-number) ï ʥʝʚʠʟʥʘʯʝʥʝ ʟʥʘʯʝʥʥʷ ʪʘʢʝ, ʷʢ  0/0  ʘʙʦ Ð/Ð; 

¶ ʬʽʟʠʯʥʽ ʩʪʘʣʽ, ʥʘʧʨʠʢʣʘʜ, g_const  (ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ), 

R_const  (ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ) 

¶ ʫʷʚʥʘ ʦʜʠʥʠʮʷ  i  (ʘʙʦ j ) (ʪʦʙʪʦ1- ); 

¶ ʟʤʽʥʥʘ ʯʘʩʫ t ;  

¶ ʥʘʟʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ cos , sin , exp, log   ʪʘ ʽʥʰʠʭ. 

ʇʝʨʝʣʽʯʠʤʦ ʧʦʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟ ʥʠʭ (ʽʤʝʥʘ ʘʨʛʫʤʝʥʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʽʥʰʠʤʠ): abs( x) , acos ( x) , asin ( x), cos ( x), cosh ( x), erf ( x), 

exp( x), floor ( x), log ( x)  (ʥʘʪʫʨʘʣʴʥʠʡ ʣʦʛʘʨʠʬʤ), log 10( x)  
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(ʜʝʩʷʪʢʦʚʠʡ ʣʦʛʘʨʠʬʤ),  max( a, b), min( a, b), sign ( u)  (ʬʫʥʢʮʽʷ 

ʟʥʘʢʫ), sin ( x), sinh ( x), sqrt ( x), tan ( x), tanh ( x) .  

ɺ ʤʦʜʝʣʷʭ ʨʦʟʤʽʨʥʦʩʪʽ 1D, 2D, 3D ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʫʤʦʚʣʝʥʽ ʽʤʝʥʘ 

ʜʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪ x, y, z. ʆʜʥʘʢ ʾʭ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʚ ʧʘʥʝʣʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʽʣʢʠ Component. ɺ ʪʘʙʣʠʮʽ Spatial coordinates ʤʦʞʥʘ ʚʚʝʩʪʠ ʽʥʰʽ 

ʧʦʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ. 

 

 
ɺ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʷʭ 1D Axisymmetric    ʽ  2D Axisymmetric  

ʮʠʣʽʥʜʨʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʘʟʚʠʯʘʡ ʧʦʟʥʘʯʘʶʪʴʩʷ  r , phi , z. 

  ʋ ʚʠʨʘʟʘʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ. ʗʢʱʦ u ʧʦʟʥʘʯʘʻ ʽʤ'ʷ 

ʨʦʟʚôʷʟʢʫ, ʥʘʧʨʠʢʣʘʜ, ʜʚʦʚʠʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ, ʘ x ʽ y ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʧʣʦʱʠʥʽ, ʪʦ ʫ ʚʠʨʘʟʘʭ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʧʝʨʰʠʭ ʽ ʜʨʫʛʠʭ 

ʧʦʭʽʜʥʠʭ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ: ux, uy, uxx , uyy , 

uxy . ʅʘʧʨʠʢʣʘʜ, ʽʤ'ʷ ux  ʧʦʟʥʘʯʘʻ ʯʘʩʪʠʥʥʫ ʧʦʭʽʜʥʫ ʨʦʟʚôʷʟʢʫ u ʧʦ ʧʨʦʩʪʦʨʦʚʽʡ 

ʢʦʦʨʜʠʥʘʪʽ x, ʘ uxx  ʚʽʜʧʦʚʽʜʘʻ ʜʨʫʛʠʡ ʯʘʩʪʠʥʥʽʡ ʧʦʭʽʜʥʽʡ ʨʦʟʚôʷʟʢʫ ʧʦ x. ʗʢʱʦ 

ʧʨʦʩʪʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʤʘʶʪʴ ʽʥʰʽ ʽʤʝʥʘ, ʥʘʧʨʠʢʣʘʜ, r  ʽ psi , ʪʦ ʪʦʜʽ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʟʥʘʯʝʥʥʷ ur , upsi , urr , urpsi  ʽ ʪ.ʜ. ʂʦʣʠ ʨʦʟʚôʷʟʦʢ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ t, ʪʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʧʦ t, ʷʢʽ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ut , uxt , uyt , utt , uxxt , uxyt , 

uyxt , uyyt , uxtt , uytt , uxxtt , uxytt , uyytt . ɯʤ'ʷ ʟʤʽʥʥʦʾ ʯʘʩʫ t 

ʟʘʨʝʟʝʨʚʦʚʘʥʦ ʽ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʤʦʞʝ ʡʦʛʦ ʟʤʽʥʠʪʠ. 

  ɹʽʣʴʰʽʩʪʴ ʧʦʟʥʘʯʝʥ ɹ ʟʤʽʥʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʢʦʥʢʨʝʪʥʽʡ ʤʦʜʝʣʽ, 

ʤʦʞʥʘ ʜʽʟʥʘʪʠʩʷ ʟ ʚʽʢʥʘ, ʷʢʝ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʽʩʣʷ ʢʣʘʮʘʥʥʷ ʤʠʰʝʶ ʧʦ ʢʥʦʧʢʘʭ 

Replace Expression ʘʙʦ Insert Expression, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʛʦʨʽ ʧʦʣʽʚ ʚʚʝʜʝʥʥʷ 

ʚʠʨʘʟʽʚ. 

 
ʏʘʩʪʠʥʘ ʚʤʽʩʪʫ ʮʴʦʛʦ ʚʽʢʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 
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ʗʢʱʦ ʚʽʢʥʦ ʚʽʜʢʨʠʚʘʣʦʩʷ ʧʽʩʣʷ ʚʠʙʦʨʫ ʢʥʦʧʢʠ Replace Expression, ʪʦ ʧʦʜʚʽʡʥʝ 

ʢʣʘʮʘʥʥʷ ʤʠʰʝʶ ʧʦ ʝʣʝʤʝʥʪʫ ʮʴʦʛʦ ʚʽʢʥʘ ʟʘʤʽʥʷ̒  ʚʤʽʩʪ ʧʦʣʷ Expression . 

ɺʠʙʽʨ ʝʣʝʤʝʥʪʘ ʮʴʦʛʦ ʚʽʢʥʘ ʧʽʩʣʷ ʚʠʙʦʨʫ ʢʥʦʧʢʠ Insert Expression ʚʩʪʘʚʣʷʻ 

ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʢʩʪ ʚ ʧʦʪʦʯʥʫ ʧʦʟʠʮʽʶ ʢʫʨʩʦʨʘ ʚ ʧʦʣʝ Expression . 

  ʂʨʽʤ ʬʫʥʢʮʽʡ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ. ʆʧʠʰʝʤʦ ʜʝʷʢʽ ʟ ʥʠʭ. 

¶ d( f , x) , pd( f , x)  ï ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʠʨʘʟʫ f  ʧʦ ʟʤʽʥʥʽʡ x. ɼʣʷ ʧʦʭʽʜʥʠʭ 

ʨʦʟʚôʷʟʢʫ u  ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʧʦʟʥʘʯʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, uxx , d( ux, x)  ʽ d( d( u, x), x)  ʝʢʚʽʚʘʣʝʥʪʥ ̔ ʚʩʝʨʝʜʠʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʅʘ ʤʝʞʽ ʦʙʣʘʩʪʽ d( u, x)=0, ʘ ux ʜʦʨʽʚʥʶʻ 

ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʩʫʤʽʞʥʠʤ ʦʙʣʘʩʪʷʤ. ʆʧʝʨʘʪʦʨ pd  ʜʽʻ ʘʥʘʣʦʛʽʯʥʦ 

ʦʧʝʨʘʪʦʨʫ d. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ pd( u, x)  ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ, ʘ ʥʝ ux, ʪʦʤʫ, ʱʦ ʚ pd ʦʧʝʨʘʪʦʨʽ u ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʝʟʘʣʝʞʥʘ 

ʟʤʽʥʥʘ. ʅʘʧʨʠʢʣʘʜ, ʚʠʨʘʟʠ d( u^2, u)  ʽ pd( u^2, u)  ʦʙʠʜʚʘ ʧʦʚʝʨʪʘʶʪʴ 

2* u. ɺʠʨʘʟ d( u+x, x)  ʜʦʨʽʚʥʶʻ ux + 1 , ʘ ʚʠʨʘʟ pd( u+x, x)  ʜʦʨʽʚʥʶʻ 1, 

ʪʦʤʫ, ʱʦ u ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʝʟʘʣʝʞʥʘ ʟʤʽʥʥʘ. ɺʠʨʘʟ d( u, t )ʜʦʨʽʚʥʶʻ ut , 

ʪʦʜʽ ʷʢ pd( u, t )  ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɺʠʨʘʟ d( u* v, t )  ʜʦʨʽʚʥʶʻ u* vt +ut *v, ʘ 

pd( u* v, t )  ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

¶ if ( condition , expr 1, expr 2)  ï ʫʤʦʚʥʠʡ ʚʠʨʘʟ, ʧʦʚʝʨʪʘʻ ʜʨʫʛʠʡ ʘʙʦ 

ʪʨʝʪʽʡ ʘʨʛʫʤʝʥʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʩʪʠʥʥʦʩʪʽ ʘʨʛʫʤʝʥʪʫ condition . 

ʅʘʧʨʠʢʣʘʜ, ʦʧʝʨʘʪʦʨ if ( x==0, 1, sin ( x)/ x)  ʷʚʣ̫̒  ʥʝʧʝʨʝʨʚʥʠʡ ʚʠʨʘʟ 

ʜʣʷ ʚʩʽʭ ʜʽʡʩʥʠʭ x, ʚʢʣʶʯʘʶʯʠ x = 0 . 

¶ ʆʧʝʨʘʪʦʨ integrate ( expr , var ,lower , upper)  ʦʙʯʠʩʣʶʻ ʽʥʪʝʛʨʘʣ ʚʽʜ 

ʚʠʨʘʟʫ expr  ʧʦ ʟʤʽʥʥʽʡ var  ʥʘ ʚʽʜʨʽʟʢʫ [lower, upper ]. ʄʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧ'ʷʪʠʡ ʧʘʨʘʤʝʪʨ ï ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʦʙʯʠʩʣʝʥʥʷ. ɺʦʥʘ 

ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʦʨʽʚʥʶʻ 1Ŀ10
- 3. 

¶ ʆʧʝʨʘʪʦʨ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʩʠʥʪʘʢʩʠʩ: 
sum(expr,  index, lower, upper)  

ʅʘʧʨʠʢʣʘʜ, sum( i ^2, i ,1,4)=1
2
+2

2
+3

2
+4

2
=30. 
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¶ ʆʧʝʨʘʪʦʨʠ timeint   ʽ timeavg  ʦʙʯʠʩʣʶʶʪʴ ʽʥʪʝʛʨʘʣ ʽ ʽʥʪʝʛʨʘʣʴʥʝ 

ʩʝʨʝʜʥʻ ʟʘ ʯʘʩʦʤ. ʆʧʝʨʘʪʦʨ timeint ( t 1, t 2, expr )  ʦʙʯʠʩʣʶʻ ʽʥʪʝʛʨʘʣ 

ʚʠʨʘʟʫ expr  ʚʽʜ ʤʦʤʝʥʪʫ ʯʘʩʫ t1  ʜʦ ʤʦʤʝʥʪʫ t2. ɯʥʪʝʛʨʘʣ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʯʠʩʝʣʴʥʦ. ʆʧʝʨʘʪʦʨ ʦʙʯʠʩʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʘ ʯʘʩʦʤ ʤʘʻ ʩʠʥʪʘʢʩʠʩ 

timeavg ( t 1, t 2, expr )  ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ timeint  ʪʠʤ, ʱʦ ʨʝʟʫʣʴʪʘʪ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʽʣʠʪʴʩʷ ʥʘ t2 - t1 . 

¶ ʆʧʝʨʘʪʦʨʠ timemax ( t 1, t 2, expr )   ̔  timemin ( t 1, t 2, expr )  ʚʠʟʥʘʯʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʫ expr  ʥʘ ʚʽʜʨʽʟʢʫ ʯʘʩʫ 

.21 ttt ¢¢  ʎʽ ʦʧʝʨʘʪʦʨʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʶʚʘʥʥʷ, ʪʦʙʪʦ ʚ ʧʦʣʷʭ ʚʽʢʦʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʽʚ ʛʽʣʢʠ 

Results. ʗʢʱʦ ʚʠʨʘʟ expr  ʢʨʽʤ ʟʤʽʥʥʦʾ ʯʘʩʫ t  ʟʘʣʝʞʠʪʴ ʱʝ ʚʽʜ 

ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ, ʪʦ ʤʘʢʩʠʤʫʤ ʽ ʤʽʥʽʤʫʤ ʰʫʢʘʻʪʴʩʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʦʢʨʝʤʦ ʽ ʦʧʝʨʘʪʦʨ ʧʦʚʝʨʪʘʻ ʧʨʦʩʪʦʨʦʚʦʟʘʣʝʞʥʠʡ ʚʠʨʘʟ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʟʤʽʥʥʘ u ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ r  ʽ ʯʘʩʫ t , ʪʦ ʚʠʨʘʟ 

v=timemax ( t 1, t 2, u)   ʧʦʚʝʨʪʘʻ ʤʘʢʩʠʤʫʤʠ u ʧʦ ʯʘʩʫ ( t 1ÄtÄt 2)  ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ r   ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ.  

¶ ʆʧʝʨʘʪʦʨ with  ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʝʣʝʤʝʥʪʽʚ ʨʦʟʚôʷʟʢʫ ʧʽʜ ʯʘʩ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯʘʭ ʚʽʥ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʥʘ ʙʫʜʴ ʷʢʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ; ʧʨʠ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ 

ʘʥʘʣʽʟʽ ʟʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʦʟʚôʷʟʢʫ ʧʨʠ 

ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ; ʚ ʟʘʜʘʯʘʭ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʚʽʥ ʜʘʻ 

ʜʦʩʪʫʧ ʜʦ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʨʽʙʥʠʤ ʚʣʘʩʥʠʤ ʯʠʩʣʘʤ. 

ʁʦʛʦ ʧʝʨʰʠʤ ʘʨʛʫʤʝʥʪʦʤ ʻ ʥʦʤʝʨ (ʤʦʤʝʥʪʫ ʯʘʩʫ, ʧʘʨʘʤʝʪʨʘ ʘʙʦ ʚʣʘʩʥʦʛʦ 

ʯʠʩʣʘ). ɼʨʫʛʠʡ ʘʨʛʫʤʝʥʪ ʷʚʣʷʻ ʽʤôʷ ʨʦʟʚôʷʟʢʫ ʘʙʦ ʚʠʨʘʟ. ʅʘʧʨʠʢʣʘʜ, ʚ 

ʟʘʜʘʯʽ ʥʘ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʦʧʝʨʘʪʦʨ with(3,u^2)  ʧʨʝʜʩʪʘʚʣʷʻ ʢʚʘʜʨʘʪ 

ʪʨʝʪʴʦʾ ʚʣʘʩʥʦʾ ʬʫʥʢʮʽʾ.  

¶ ʆʧʝʨʘʪʦʨ at ( t 0, sol )  ʜʘʻ ʜʦʩʪʫʧ ʜʦ ʯʘʩʦʟʘʣʝʞʥʦʛʦ ʨʦʟʚôʷʟʢʫ sol  ʚ ʙʫʜʴ 

ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t 0, ʚʠʢʦʨʩʪʦʚʫʶʯʠ, ʷʢʱʦ ʪʨʝʙʘ, ʽʥʪʝʨʧʦʣʷʮʽʶ. ʎʝʡ 

ʦʧʝʨʘʪʦʨ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʥʷ (ʚ 

ʛʽʣʮʽ Results) ʽ ʥʝʧʨʠʧʫʩʪʠʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ. 

ʄʦʞʥʘ ʩʪʚʦʨʠʪʠ ʟʤʽʥʥʫ ʤʦʜʝʣʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʮʝʡ ʦʧʝʨʘʪʦʨ, ʘʣʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʪʨʝʙʘ ʣʠʰʝ ʥʘ ʝʪʘʧʽ ʧʦʩʪʦʙʨʦʙʢʠ. 

¶ ɺ ʩʠʩʪʝʤʽ ʽʩʥʫʻ ʢʽʣʴʢʘ ʧʨʦʩʪʦʨʦʚʠʭ ʦʧʝʨʘʪʦʨʽʚ   ati (ʢʦʦʨʜʠʥʘʪʠ,expr )  

ʟ ʥʘʟʚʘʤʠ  at 0(...) , at 1(...),  at 2(...)  ʽ  at 3(...) .  ɺʦʥʠ 

ʦʙʯʠʩʣʶʶʪʴ ʚʠʨʘʟ expr   ʚ ʽʩʥʫʶʯʽʡ ʛʝʦʤʝʪʨʽʾ  ʥʘ i ï ʚʠʤʽʨʥʦʤʫ ʧʨʠʤʽʪʠʚʽ 

ʚ ʪʦʯʮʽ ʟ ʟʘʜʘʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʆʧʝʨʘʪʦʨ at 0 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʥʫʣʴʚʠʤʽʨʥʠʭ ʧʨʠʤʽʪʠʚʽʚ (ʚ ʪʦʯʢʘʭ), at 1 ï ʦʜʥʦʚʠʤʽʨʥʠʭ (ʥʘ ʨʝʙʨʘʭ), at 2 

ï ʜʚʦʚʠʤʽʨʥʠʭ (ʥʘ ʛʨʘʥʷʭ), at 3 ï ʪʨʠʚʠʤʽʨʥʠʭ (ʚ ʦʙʣʘʩʪʷʭ). ʅʘʧʨʠʢʣʘʜ, 

at 1( x0, y0, expr )  ʦʙʯʠʩʣʶʻ ʚʠʨʘʟ expr  ʚ ʜʚʦʚʠʤʨ̔ʥ̔ʡ ʛʝʦʤʝʪʨʽʾ ʥʘ ʨʝʙʨʽ ʚ 

ʪʦʯʮʽ ( x0, y0). ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ati  ʧʦʚʠʥʝʥ 

ʽʩʥʫʚʘʪʠ ʧʨʠʤʽʪʠʚ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʚ ʪʦʯʮʽ ʟ ʟʘʜʘʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, at 0 ʧʨʘʮʶʻ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʛʝʦʤʝʪʨʽʷ 

ʤʽʩʪʠʪʴ ʚʝʨʰʠʥʫ ʚ ʪʦʯʮʽ ʦʙʯʠʩʣʶʚʘʥʥʷ. ʄʘʡʪʝ ʥʘ ʫʚʘʟʽ, ʱʦ ʢʽʣʴʢʽʩʪʴ 
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ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʦʧʝʨʘʪʦʨʫ ati , ʧʦʚʠʥʥʘ ʩʧʽʚʧʘʜʘʪʠ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʤʽʨʥʽʩʪʶ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ. 

¶ ʆʧʝʨʘʪʦʨʠ  attimemax( t 1, t 2, expr 1, expr 2)    ̔ ʘʥʘʣʦʛʽʯʥʠʡ ʡʦʤʫ   

attimemin ( ... )  ʰʫʢʘʶʪʴ ʤʦʤʝʥʪ ʯʘʩʫ ( )2010 tttt ¢¢ , ʚ ʷʢʠʡ ʚʠʨʘʟ 

expr 1 ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ (ʤʽʥʽʤʫʤʫ),  ʽ ʚ ʮʝʡ ʤʦʤʝʥʪ 0t  ʦʙʯʠʩʣʶʶʪ ɹ

ʚʠʨʘʟ  expr 2. ɸʨʛʫʤʝʥʪʠ t 1   ̔ t 2  ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʦʥʩʪʘʥʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʦʧʝʨʘʪʦʨʽʚ. 

ʆʧʝʨʘʪʦʨʠ  attimemax   ʽ  attimemin  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʥʘ 

ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʶʚʘʥʥʷ. 

¶ ʆʧʝʨʘʪʦʨ subst ( expr , var 1, expr 1,... )  ʨʦʙʠʪʴ ʧʽʜʩʪʘʥʦʚʢʫ. ʇʝʨʰʠʤ 

ʘʨʛʫʤʝʥʪʦʤ ʻ ʚʠʨʘʟ expr , ʚ ʷʢʦʤʫ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘʤʽʥʘ. ɼʘʣʽ ʽʜʫʪʴ 

ʧʘʨʠ ʘʨʛʫʤʝʥʪʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʤʝʥʽ ʟʤʽʥʥʦʾ ʽ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʟʘʤʽʩʪʴ ʥʝʾ ʩʣʽʜ ʧʽʜʩʪʘʚʠʪʠ ʚ ʧʦʯʘʪʢʦʚʠʡ ʚʠʨʘʟ. ʅʘʧʨʠʢʣʘʜ,   

subst ( x^2- y^2, x,0.5, y,0.3) .   

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʰʠʭ ʦʧʝʨʘʪʦʨʽʚ. ɿ ʜʝʷʢʠʤʠ ʤʠ ʧʦʟʥʘʡʦʤʠʤʦ ʚʘʩ 

ʧʽʟʥʽʰʝ. 

  ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʥʘ ʧʨʠʢʣʘʜʘʭ. ʈʦʟʛʣʷʥʝʤʦ 

ʪʝʩʪʦʚʫ ʤʦʜʝʣʴ ʽ ʧʦʩʪʘʚʠʤʦ ʜʦ ʥʝʾ ʢʽʣʴʢʘ ʧʠʪʘʥʴ. ʍʦʯʘ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʰʪʫʯʥʽ, 

ʚʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʫʶʪʴ ʪʝʭʥʽʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʷʢʠʭ ʦʧʝʨʘʪʦʨʽʚ. 

ʇʨʠʢʣʘʜ 1. ʈʦʟʚôʷʞʝʤʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʚ ʦʜʠʥʠʯʥʦʤʫ ʢʚʘʜʨʘʪʽ [ ][ ]1,01,0 ³  

( )2216 yxu +Ö=D ,  

ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ɼʽʨʽʭʣʝ: 

( ) ( ) 44 ,0,0, yyuxxu == , ( )( ) ( )( )2222 1,1,11, yyuxxu +=+= . 

ʇʽʩʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʙʫʜʝ ʧʦʩʪʘʚʣʝʥʦ ʢʽʣʴʢʘ ʜʦʜʘʪʢʦʚʠʭ ʧʠʪʘʥʴ. 

ʑʦʙ ʥʘ ʥʠʭ ʚʽʜʧʦʚʽʩʪʠ, ʤʠ ʩʪʚʦʨʠʤʦ ʟʤʽʥʥʽ ʤʦʜʝʣʽ, ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʷʢʠʭ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʦʧʝʨʘʪʦʨʠ. 

  ʉʪʚʦʨʽʪʴ ʤʦʜʝʣʴ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʦʤʘʥʜ: 
  File - >New->Model Wizard->2D- > 

   Mathematics ï Classical PDEs - Poisson's Equation( poeq) - > Stationary 

ɺ ʇɺ ʢʦʨʝʥʝʚʦʛʦ ʚʫʟʣʘ Untitled.mph (root) ʚʚʝʜʽʪʴ: 

   Unit  system  - < > = None 

ʉʪʚʦʨʽʪʴ ʬʫʥʢʮʽʶ ( )yxf , , ̫ ʢʘ ʙʫʜʝ ʫʜʘʚʘʪʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ. 

   Home - > Definitions  - > Functions - > Local - > Analytic 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Component 1 ï Definitions ï Analytic 1  ʚʚʝʜʽʪʴ: 

   Function name = f  

   Definition ï Expression= 16*(x^2+ŷ 2)  

   Definition  ï Arguments= x, y 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʧʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ, ʢʣʘʮʥʫʚʰʠ ʤʠʰʝʶ ʧʦ ʢʥʦʧʮʽ Plot. 

  ɻʝʦʤʝʪʨʽʷ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʠʥʠʯʥʦʛʦ ʢʚʘʜʨʘʪʘ. ʉʪʚʦʨʽʪʴ ʡʦʛʦ. 
  Geometry  - > Pimitives  - > Square 

ɺ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Square 1 ʟʘʣʠʰʪʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʽ ʟʘʢʽʥʯʽʪʴ ʧʦʙʫʜʦʚʫ ʛʝʦʤʝʪʨʽʾ ʢʦʤʘʥʜʦʶ 
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Geometry ï Square  1 (c1) :  LMB > Build All Objects 

ʅʘ ʩʪʚʦʨʝʥʦʤʫ ʢʚʘʜʨʘʪʽ ʧʦʙʫʜʫʡʪʝ ʉʢɽ ʩʽʪʢʫ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

Component 1 ï Mesh 1 : LMB > Build All 
ʅʘʣʘʰʪʫʡʪʝ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

Poisson's Equation (poeq) - Poisson's Equation 1: 

   Diffusion  Coefficient  ï c = - 1 

   Source  Term ï f = f(x,y)  

ɿʘʜʘʡʪʝ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ. ʆʩʢʽʣʴʢʠ ʚʦʥʠ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʛʨʘʥʠʮʽ ʨʽʟʥʽ, ʪʦ ʜʣʷ 

ʢʦʞʥʦʾ ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʩʚʽʡ ʚʫʟʦʣ Dirichlet Boundary Condition .  ɼʣʷ ʮʴʦʛʦ 

4 ʨʘʟʠ ʚʠʢʦʥʘʡʪʝ ʽʥʩʪʨʫʢʮʽ:ʁ 

   Physics  -> Boundaries  ï Dirichlet Boundary Condition 

ʇʦʪʽʤ  ʫ ʇɺ ʩʪʚʦʨʝʥʠʭ ʚʫʟʣʽʚ Dirichlet  Boundary Condition X  (ʜʝ X=1,2,3,4) 

ʧʦ ʯʝʨʟʽ ʟʘʜʘʡʪʝ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢ ̔ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 

 
ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ʢʚʘʜʨʘʪʘ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʽʥʩʪʨʫʢʮʽʾ: 

Dirichlet Boundary Condition  1: 

   Boundary Selection ï Selection = 1 

   Dirichlet Boundary Condition ï r  = y^4  

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʚʩʭ̔ ʯʦʪʠʨʴʦʭ ʩʪʦʨʥʘʭ ʢʚʘʜʨʘʪʘ ʚʠʢʦʥʘʡʪʝ 

ʦʙʯʠʩʣʝʥʥʷ. 

  Home - >  Compute 

ɺ ʛʽʣʮʽ Results ʟôʷʚʠʪʴʩʷ ʜʚʦʚʠʤʽʨʥʘ ʛʨʘʬʽʯʥʘ ʛʨʫʧʘ 2D Plot Group 1 ʟ ʚʫʟʣʦʤ 

Surface 1, ʱʦ ʤʽʩʪʠʪʴ ʛʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ. 

 
ɿʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ, ʥʘʧʨʠʢʣʘʜ, ʚ ʦʜʥʽʡ ʚʥʫʪʨʽʰʥʽʡ 

ʪʦʯʮʽ, ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʥʘ ʢʦʥʪʫʨʽ ʽ ʚ ʦʜʥʽʡ ʚʝʨʰʠʥʽ. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʠʤʦ ʢʽʣʴʢʘ 

ʟʤʽʥʥʠʭ ʤʦʜʝʣʽ, ʷʢʽ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʧʦʪʨʽʙʥʽ ʟʥʘʯʝʥʥʷ.  

  ʉʪʚʦʨʠʤʦ ʚʫʟʦʣ ʣʦʢʘʣʴʥʠʭ ʟʤʽʥʥʠʭ ʢʦʤʘʥʜʦʶ 

  Home - > Definitions  ï Variables ï Local Variables 

ɿʘʧʦʚʥʽʪʴ ʧʝʨʰʽ 3 ʨʷʜʢʘ ʪʘʙʣʠʮʽ ʪʘʢ, ʢ̫ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ (ʩʪʦʚʧʝʮʴ Description 

ʤʠ ʟʘʤʽʥʠʣʠ  ʙʽʣʴʰ ʜʦʢʣʘʜʥʠʤ ʧʦʷʩʥʝʥʥʷʤ). 
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Component 1 ï Definitions ï Variables 1: 

Name Expression ʇʦʷʩʥʝʥʥʷ 
up0 at2(0.5,0.3,u)  ɿʥʘʯʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʪʦʯʮʽ ( )3.0,5.0u  

up1 at1(1,0.5,u)  ɿʥʘʯʝʥʥʷ ʚ ʪʦʯʮʽ ʛʨʘʥʠʮʽ ( )5.0,1u  

up2 at0(1,1,u)  ɿʥʘʯʝʥʥʷ ʚ ʚʝʨʰʠʥʽ ( )1,1u  

ʆʙʥʦʚʽʪʴ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʦʚʽ ʟʤʽʥʥʽ ʩʪʘʣʠ ʧʨʘʮʝʟʜʘʪʥʠʤʠ. 

Study 1: RMB > Update Solution 

ʅʘʜʨʫʢʫʡʪʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ up0, up1, up2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʫʟʣʠ Global  

Evaluation . 

  Results  - >  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 1: 

   Expression ï Expression = comp1.up 0 

  LMB > Evaluate 

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 2: 

   Expression ï Expression = comp1.up1  

  LMB > Evaluate ï Table 1 

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 3: 

   Expression ï Expression = comp1.up 2 

  LMB > Evaluate ï Table 1 

ɺ ʪʘʙʣʠʮʽ Table 1  ʙʫʜʫʪʴ ʥʘʜʨʫʢʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ. 

 
ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʤ ʧʦʪʨʽʙʥʘ ʟʤʽʥʥʘ, ʷʢʘ ʤʽʩʪʠʪʴ ʩʫʤʫ ʟʥʘʯʝʥʴ ʨʦʟʚôʷʟʢʫ u ʚ 

ʜʝʷʢʠʭ ʪʦʯʢʘʭ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʢʚʘʜʨʘʪʘ 

5.0=y  ʚ ʪʦʯʢʘʭ 8.0,6.0,4.0,2.0=x , ʪʦʙʪʦ ʥʘʩ ʮʽʢʘʚʠʪʴ ʩʫʤʘ ( )ä=

4

1
5.0,5/

k
ku . 

ʉʫʤʫ ʤʦʞʥʘ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʦʨʘ sum(...) , ʘ ʟʥʘʯʝʥʥʷ 

ʨʦʟʚôʷʟʢʫ u  ʫ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʘʭ ʛʝʦʤʝʪʨʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ at 2(...) .  

  ʉʪʚʦʨʠʤʦ ʟʤʽʥʥʫ ʤʦʜʝʣʽ us, ʜʦʜʘʚʰʠ ʚ ʪʘʙʣʠʮʶ ʟʤʽʥʥʠʭ ʥʘʩʪʫʧʥʠʡ ʨʷʜʦʢ. 

Name Expression ʇʦʷʩʥʝʥʥʷ 

...  ...  ... 

us sum(at2(k/5,0.5,u),k,1,4)  ( )ä=

4

1
5.0,5/

k
ku  

ʆʙʥʦʚʽʪʴ ʨʦʟʚôʷʟʦʢ. 

Study 1: RMB > Update Solution 

ʅʘʜʨʫʢʫʡʪʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ us. 

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 4: 

   Expression ï Expression = comp1.us  

   LMB > Evaluate ï Table 1 

ɺ ʪʘʙʣʠʮʶ Table 1  ʙʫʜʝ ʜʦʜʘʥʦ ʩʪʦʚʧʝʮʴ us ʟʽ ʟʥʘʯʝʥʥʷʤ  1. 4164 .  
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ʅʝʭʘʡ ʥʘʤ ʧʦʪʨʽʙʥʦ ʟʥʘʯʝʥʥʷ  ʥ̔ʪʝʛʨʘʣʘ ʚʽʜ ʨʦʟʚôʷʟʢʫ ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʢʚʘʜʨʘʪʘ 5.0=y , ʪʦʙʪʦ ʥʘʩ ʮʽʢʘʚʠʪʴ ʽʥʪʝʛʨʘʣ ñ
1

0
)5.0,( xdxu . ʁʦʛʦ 

ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʦʨʘ   integrate(...) . 

  ʉʪʚʦʨʠʤʦ ʟʤʽʥʥʫ ʤʦʜʝʣʽ ui , ʷʢʘ ʤʽʩʪʠʪʴ ʧʦʪʨʽʙʥʝ ʟʥʘʯʝʥʥʷ, ʜʦʜʘʚʰʠ ʚ 

ʪʘʙʣʠʮʶ ʟʤʽʥʥʠʭ ʥʘʩʪʫʧʥʠʡ ʨʷʜʦʢ. 

Name Expression ʇʦʷʩʥʝʥʥʷ 
...  ...  ... 

ui  integrate(at2(s,0.5,u),s,0,1)    ñ
1

0
)5.0,( xdxu  

ʆʙʥʦʚʽʪʴ ʨʦʟʚôʷʟʦʢ. 

Study 1: RMB > Update Solution 

ʅʘʜʨʫʢʫʡʪʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ui . 

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 5: 

   Expression ï Expression = comp1.ui  

   LMB > Evaluate ï Table 1 

 
ʇʨʦʜʝʤʦʥʩʪʨʫʤ̒ʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʘ ʧʜ̔ʩʪʘʥʦʚʢʠ subst ( expr , ...) . 

ʉʪʚʦʨʠʤʦ 4 ʟʤ̔ʥʥ̔ ʤʦʜʝʣʽ. ɿʤʽʥʥʽ p1 ʽ p3 ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʚʠʨʘʟʠ, ʚ ʷʢʠʭ ʙʫʜʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘʤʽʥʘ, ʘ p2  ʽ  p4 ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʩʪʘʥʦʚʢʠ. ʊʘʢʦʞ ʩʪʚʦʨʠʤʦ 

ʟʤʽʥʥʫ ( )yxup ,5=  ʟ çʬʫʥʢʮʽʦʥʘʣʴʥʦʶè ʟʘʤʽʥʦʶ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ.  

  ɼʦʜʘʡʪʝ ʚ ʪʘʙʣʠʮʶ ʟʤʽʥʥʠʭ ʥʘʩʪʫʧʥʽ ʨʷʜʢʠ. 

Name Expression ʇʦʷʩʥʝʥʥʷ 

...  ...  ... 

p1 x^2 - y^2     

p2 subst(p1,x,0.5,y,0.8)  ( )8.0,5.01p  

p3 x^0.25  4 x  

p4 subst(p3,x,u)  4 u  

p5 at2(sqrt(x),sqrt(y),u)  ( )yxu ,  

ʆʙʥʦʚʽʪʴ ʨʦʟʚôʷʟʦʢ. 

Study 1: RMB > Update Solution 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʤʽʥʥʦʾ p2 ʚʯʠʥʽʪʴ ʷʢ ʽ ʨʘʥʽʰʝ, ʩʪʚʦʨʠʚʰʠ ʚʫʟʦʣ Global 

Evaluation  6 (ʟʨʦʙʽʪʴ ʮʝ ʩʘʤʦʩʪʽʡʥʦ).  

 
ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʤʽʥʥʦʾ p4 ʧʦʙʫʜʫʻʤʦ ʾʾ ʛʨʘʬʽʢ. ʉʪʚʦʨʽʪʴ 

ʜʚʦʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʟ ʚʫʟʣʦʤ Surface 1, ʱʦ ʤʽʩʪʠʪʴ ʛʨʘʬʽʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʮʽʻʾ ʟʤʽʥʥʦʾ. 
  Results  - > 2D Plot Group 
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  2D Plot Group 2 - > Add Plot  ï Surface 

2D Plot Group 2 ï Surface 1: 

   Expression ï Expression  = p4  

  LMB > Plot 

 
ɸʥʘʣʦʛʽʯʥʦ ʧʝʨʝʚʽʨʠʤʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʤʽʥʥʦʾ p5, ʧʦʙʫʜʫʚʘʚʰʠ ʾʾ ʛʨʘʬʽʢ.  

  Results  - > 2D Plot Group 

  2D Plot Group 3 - > Add Plot  ï Surface 

2D Plot Group 3 ï Surface 1: 

   Expression ï Expression  = p 5 

  LMB > Plot 

 
ʉʪʚʦʨʠʤʦ ʱʝ 2 ʟʤʽʥʥʽ ʤʦʜʝʣʽ, ʜʦʜʘʚʰʠ ʚ ʪʘʙʣʠʮʶ ʥʘʩʪʫʧʥʽ ʨʷʜʢʠ.  

Name Expression ʇʦʷʩʥʝʥʥʷ 

...  ...  ... 

p6 at2(x,0.75,u)    ( )75.0,xu  

p7 at2(x,0.7,d(u,x))/2  ( )7.0,
2

1
x

x

u

µ

µ
 

ʆʙʥʦʚʽʪʴ ʨʦʟʚôʷʟʦʢ. 

Study 1: RMB > Update Solution 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʤʽʥʥʦʾ p6 ʧʦʙʫʜʫʻʤʦ ʾʾ ʛʨʘʬʽʢ, ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, 

ʱʦ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ x ʽ ʦʪʨʠʤʘʥʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟ ̔

ʢʚʘʜʨʘʪʘ 75.0=y . ʉʪʚʦʨʽʪʴ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʚʠʢʦʥʘʚʰʠ ʢʦʤʘʥʜʫ 

   Results  - > More Data Sets ï Grid 1D 

ɼʞʝʨʝʣʘ ʜʘʥʠʭ ʪʠʧʫ Grid  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʡ ʪʘ 

ʟʤʽʥʥʠʭ ʪʦʜʽ, ʢʦʣʠ ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʧʨʠʚôʷʟʫʚʘʪʠʩʷ ʜʦ ʉʢɽ ʩʽʪʢʠ. ʋ ɼɼ Grid 1D 

ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʦʙʣʘʩʪʶ ʻ ʽʥʪʝʨʚʘʣ. 

Data Sets ï Grid 1D 1: 

   Data ï Source= Data set  

   Data ï Data set = Study  1/Solution  1 
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ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʚ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Data Sets ï Grid 1D 1 ʟʘʣʠʰʪʝ 

ʥʝʟʤʽʥʥʠʤʠ. ɿʦʢʨʝʤʘ ʚ ʧʦʣʽ Parameter Bounds ï Name  ʟʘʣʠʰʠʪʴʩʷ ʽʤôʷ 

ʢʦʦʨʜʠʥʘʪʠ x ʚʟʜʦʚʞ ʚʽʜʨʽʟʢʘ [0,1]. 

  ʉʪʚʦʨʽʪʴ ʦʜʥʦʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ, ʽ ʚ ʥʽʡ ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʥʦʾ p6. 

  Results - > 1D Plot Group 

1D Plot Group 4  : 

   Data ï Data set = Grid 1D 1  

   Legends  ï Show legends  = True  

   Legends  ï Position  = Upper left  

  1D Plot Group 4 - > Line Graph 

1D Plot Group 4 - Line Graph 1 : 

   y- Axis Data ï Expression  = p6  

   x- Axis Data ï Parameter , Expression  = Expression ,x    (ʜʚʘ ʧʦʣʷ) 

   Legends  ï Show legends  = True  
  LMB > Plot     (ʢʨʠʚʘ 1 ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ) 

ʇʝʨʝʚʽʨʪʝ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʤʽʥʥʦʾ p7 (ʧʦʣʦʚʠʥʘ ʧʦʭʽʜʥʦʾ ʚʟʜʦʚʞ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʚʘʜʨʘʪʘ 7.0=y ), ʨʦʟʫʤʽʶʯʠ, ʱʦ ʚʦʥʘ ʪʘʢʦʞ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ x. ɼʣʷ ʮʴʦʛʦ ʜʦʜʘʡʪʝ ʚ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ 1D Plot 

Group 4  ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ ʟʤʽʥʥʦʾ p7.  

  1D Plot Group 4 - > Line Graph 

1D Plot Group 4 - Line Graph 2 : 

   y- Axis Data ï Expression  = p 7 

   x- Axis Data ï Parameter, Expression  = Expression , x  

   Legends  ï Show legends , Legends = True, Manual  

   Legends  ï Legends = 2     (ʚʚʝʜʝʥʥʷ ʚ ʪʘʙʣʠʮʽ ʣʝʛʝʥʜ) 

  LMB > Plot             (ʢʨʠʚʘ 2 ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ) 

 
ʆʩʪʘʪʦʯʥʘ ʪʘʙʣʠʮʷ ʟʤʽʥʥʠʭ ʟʦʙʨʘʞʝʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. 
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ɿʘʫʚʘʞʝʥʥʷ. ʆʢʽʣʴʢʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʚʽʜʦʤʠʡ ( )222 yxu += , ʪʦ ʚʠ ʤʦʞʝʪʝ 

ʧʝʨʝʚʽʨʠʪʠ ʚʩʽ ʦʙʯʠʩʣʝʥʥʷ, ʩʪʚʦʨʠʚʰʠ ʛʣʦʙʘʣʴʥʫ ʬʫʥʢʮʽʶ ʟ ʮʠʤ ʚʠʨʘʟʦʤ, ʽ  

ʚʠʢʦʥʘʪʠ ʟ ʥʝʶ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ.  

ƴ 

ʇʝʨʝʚʽʨʢʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʧʝʨʘʪʦʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʤʽʥʥʦʶ ʯʘʩʫ, ʤʠ 

ʚʠʢʦʥʘʻʤʦ ʚ ʤʦʜʝʣʽ ʢʦʣʠʚʘʥʥʷ ʢʨʫʛʦʚʦʾ ʤʝʤʙʨʘʥʠ, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʢʦʥʪʫʨʽ, 

ʤʘʻ ʧʘʨʘʙʦʣʽʯʥʫ ʧʦʯʘʪʢʦʚʫ ʬʦʨʤʫ ʽ ʥʫʣʴʦʚʫ ʧʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʶ. ɺʦʥʘ 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʚ ʧʫʥʢʪʽ 1.6.3  ʽ ʙʫʣʘ ʟʙʝʨʝʞʝʥʘ ʚ ʬʘʡʣ vibrmembrane . mph. 

ɺʽʜʢʨʠʡʪʝ ʮʝʡ ʬʘʡʣ ʽ ʧʝʨʝʟʙʝʨʝʞʽʪʴ ʟ ʽʥʰʠʤ ʽʤôʷʤ, ʙʦ ʤʠ ʙʫʜʝʤʦ ʚʥʦʩʠʪʠ ʚ 

ʥʴʦʛʦ ʙʘʛʘʪʦ ʟʤʽʥ.  

ʇʨʠʢʣʘʜ 2. ɺʽʜʢʨʠʡʪʝ ʬʘʡʣ vibrmembrane . mph. ʅʘʛʘʜʘʻʤʦ, ʱʦ ʚ ʥʴʦʤʫ 

ʧʦʙʫʜʦʚʘʥʘ ʦʜʥʦʚʠʤʽʨʥʘ ʦʩʝʩʠʤʝʪʨʠʯʥʘ  (1D Axisimmetric  ) ʜʠʥʘʤʽʯʥʘ (Time 

Dependent ) ʤʦʜʝʣʴ. ʂʦʦʨʜʠʥʘʪʘ ʚʟʜʦʚʞ ʚʽʜʨʽʟʢʘ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʛʝʦʤʝʪʨʽʶ, 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʣʽʪʝʨʦʶ r . ʎʝ ʚʢʘʟʘʥʦ ʚ ʇɺ ʚʫʟʣʘ Component 1 (comp 1) ʚ ʧʦʣʷʭ 

ʪʘʙʣʠʮʽ Spatial coordinates . 

 
ɹʽʣʴʰʽʩʪʴ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʥʘ ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, ʪʦʙʪʦ ʚ ʚʠʨʘʟʘʭ 

ʧʘʥʝʣʝʡ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʟʣʽʚ ʛʽʣʢʠ Results. ʄʦʞʥʘ ʩʪʚʦʨʠʪʠ ʟʤʽʥʥʽ ʤʦʜʝʣʽ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʪʘʢʽ ʦʧʝʨʘʪʦʨʠ, ʘʣʝ ʪʦʜʽ ʾʭ ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʥʘ ʝʪʘʧʽ 

ʧʦʩʪʦʙʨʦʙʢʠ. ʊʦʤʫ ʤʠ ʚʽʜʨʘʟʫ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʝʨʘʪʦʨʠ ʫ ʚʫʟʣʘʭ 

ʛʽʣʢʠ Results. 

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 3=t , ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʦʧʝʨʘʪʦʨ at (...) . ɺʠʢʦʥʘʡʪʝ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʢʮʽʾ. 

  Results  - > Plot  Group  - >2D Plot Group 

2D Plot Group 4: 2D Plot Group 4- > Surface 

2D Plot Group 4 ï Surface 1: 

   Data ï Data set = Revolution 1D 1  

   Expression ï Expression = at(3,u)  

  RMB> Height Expression 

2D Plot Group 4 ï Surface 1  ï Height Expression 1: 

   Axis ï Scale factor = True, 1  

  LMB>Plot 

ɹʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʧʨʦʬʽʣʴ ʤʝʤʙʨʘʥʠ ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ t =3. 
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ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʱʦ ʚ ʦʧʝʨʘʪʦʨʽ at (3, u)  ʧʝʨʰʠʡ ʘʨʛʫʤʝʥʪ ʧʦʟʥʘʯʘʻ ʤʦʤʝʥʪ 

ʯʘʩʫ, ʚ ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʨʦʟʚôʷʟʦʢ u. ʉʭʦʞʠʤ ʯʠʥʦʤ ʧʨʘʮʶʻ ʦʧʝʨʘʪʦʨ 

with ( nummoment, expr ) , ʘʣʝ ʧʝʨʰʠʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯʘʭ ʚʽʥ 

ʧʨʠʡʤʘʻ ʥʦʤʝʨ ʤʦʤʝʥʪʫ ʯʘʩʫ, ʘ ʥʝ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ. 

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ʥʘ 52-ʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʦʧʝʨʘʪʦʨ with  (...) . ɺʠʢʦʥʘʡʪʝ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʢʮʽʾ. 

  Results  - > Plot  Group  - > 2D Plot Group 

Results - 2D Plot Group 5: 

   Data ï Data set = Revolution 1D 1  

  2D Plot Group 5- > Surface 

2D Plot Group 5 ï Surface 1: 

   Expression ï Expression = with(52,u)  

  RMB > Height Expression 

2D Plot Group 5 ï Surface 1  ï Height Expression 1: 

   Axis ï Scale factor = True, 1  

  LMB>Plot 
ɹʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ. 

 
ʑʦʙ ʜʽʟʥʘʪʠʩʷ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 52-ʛʦ ʢʨʦʢʫ (ʪʦʙʪʦ ʤʦʤʝʥʪʫ ʯʘʩʫ) ʪʝʞ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʦʧʝʨʘʪʦʨ with (...).  

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 1: 

   Expression ï Expression = with(52,t)  

  LMB > Evaluate 

ɹʫʜʝ ʩʪʚʦʨʝʥʘ ʪʘʙʣʠʮʷ Table  1 ʟ ʜʚʦʤʘ ʩʪʦʚʧʮʷʤʠ: ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ ʽ 

ʦʙʯʠʩʣʝʥʠʤ ʟʥʘʯʝʥʥʷʤ  5.1  (ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ).  

  
ʊʦʙʪʦ 52-ʤʫ ʢʨʦʢʫ ʚʽʜʧʦʚʽʜʘʻ t =5.1 .  

  ɺ Time Dependent  ʜʦʩʣʽʜʞʝʥʥʽ ʚʫʟʦʣ Global Evaluation ʦʙʯʠʩʣʶʻ ʚʠʨʘʟ, 

ʟʘʜʘʥʠʡ ʚ ʧʦʣ̔ Expression , ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ, ʷʢʱʦ ʚ ʧʦʣʽ Data  

Series  Operation  ï Operation  ʦʙʨʘʥʦ ʟʥʘʯʝʥʥʷ None (ʟʥʘʯʝʥʥʷ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ). ʂʦʣʠ ʦʙʨʘʪʠ 

  Data  Series  Operation  ï Operation =Average ,  
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ʪʦ ʦʙʯʠʩʣʶʚʘʪʠʤʝʪʴʩʷ ʽ ʜʨʫʢʫʚʘʪʠʤʝʪʴʩʷ ʣʠʰʝ ʦʜʥʝ ʟʥʘʯʝʥʥʷ ï ʩʝʨʝʜʥʻ ʧʦ ʚʩʽʤ 

ʤʦʤʝʥʪʘʤ ʯʘʩʫ. ʆʩʢʽʣʴʢʠ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ t =5.1  ʦʜʥʘʢʦʚʝ ʜʣʷ ʚʩʽʭ ʤʦʤʝʥʪʽʚ, 

ʪʦ ʩʝʨʝʜʥʻ ʩʧʽʚʧʘʜʘʪʠʤʝ ʟ ʮʠʤ ʟʥʘʯʝʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʦʣʽ Time selection  

ʧʦʚʠʥʥʦ ʩʪʦʷʪʠ All  ʘʙʦ ʦʙʨʘʥʦ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ. 

  ʆʪʞʝ, ʱʦʙ ʥʘʜʨʫʢʫʚʘʪʠ ʪʘʙʣʠʮʶ ʟ ʦʜʥʽʻʶ ʢʦʤʽʨʢʦʶ (ʚʽʜʧʦʚʽʜʜʶ  t =5.1 ) 

ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʜʨʫʢ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. 

Derived Values - Global Evaluation 1: 

   Expression ï Expression = with(52,t)  

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï New Table 
ɺ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʟʦʥʽ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʪʘʙʣʠʮʶ Table 2 ʽ ʚ ʥʽʡ ʥʘʜʨʫʢʦʚʘʥʦ 

ʰʫʢʘʥʝ ʟʥʘʯʝʥʥʷ 5.1 . 

 
ʉʫʜʷʯʠ ʟ ʛʨʘʬʽʢʽʚ, ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʤʽʱʝʥʥʷ 

ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʮʝʥʪʨʽ ʤʝʤʙʨʘʥʠ. ɿʥʘʡʜʝʤʦ ʤʦʤʝʥʪ ʯʘʩʫ, ʚ ʷʢʠʡ ʮʝ ʟʤʽʱʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʝ. ɺ ʩʠʩʪʝʤʽ ʩ̔ʥʫʻ ʦʧʝʨʘʪʦʨ  attimemax( t 1, t 2, expr 1, expr 2) . ɺʽʥ 

ʦʙʯʠʩʣʶʻ ʤʦʤʝʥʪ ʯʘʩʫ ( )2010 tttt ¢¢ , ʚ ʷʢʠʡ ʚʠʨʘʟ expr 1 ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ,  ʽ 

ʚ ʮʝʡ ʤʦʤʝʥʪ 0t  ʦʙʯʠʩʣʶʻ ʚʠʨʘʟ  expr 2. ɺʠʨʘʟ at1(0,u)  ʦʙʯʠʩʣʶʻ ʟʤʽʱʝʥʥʷ 

ʮʝʥʪʨʫ ʤʝʤʙʨʘʥʠ, ʪʦʙʪʦ ( )tu ,0 . ʅʘʛʘʜʘʻʤʦ, ʱʦ ʤʠ ʤʘʻʤʦ ʦʜʥʦʚʠʤʽʨʥʫ 

ʦʩʝʩʠʤʝʪʨʠʯʥʫ  (1D Axisimmetric  ) ʤʦʜʝʣʴ. ʊʦʤʫ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʨʦʟʚôʷʟʢʫ u ʫ ʚʥʫʪʨʽʰʥʽʡ ʪʦʯʮʽ ʛʝʦʤʝʪʨʽʾ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʦʧʝʨʘʪʦʨʘ at 1. ɺʠʨʘʟ  attimemax(0,10,at1(0,u), t )  

ʦʙʯʠʩʣʠʪ ɹ ʟʥʘʯʝʥʥʷ 0t  ( )100 0¢¢t , ʚ ʷʢʠʡ ( )tu ,0  ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ. 

ʅʘʜʨʫʢʫʻʤʦ ʡʦʛʦ. 

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 2: 

   Expression ï Expression = attimemax(0,10,at1(0,u), t )  

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï Table 2 

ɺ ʪʘʙʣʠʮʁ Table 2  ʙʫʜʝ ʜʦʜʘʥʦ ʢʦʤʽʨʢʫ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 5.1 117. 

 
ʋ ʦʧʝʨʘʪʦʨʘ attimemax( ... )  ʻ ʦʧʮʽʷ 'nointerp' , ʷʢʘ ʧʨʠ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ 

ʚʽʜʢʣʶʯʘʻ ʽʥʪʝʨʧʦʣʷʮʽʶ ʤʽʞ ʯʘʩʦʚʠʤʠ ʢʨʦʢʘʤʠ. ɿʘʤʽʥʽʪʴ ʫ ʚʫʟʣʽ Global 

Evaluation 2 ʚʠʨʘʟ ʽ ʚʠʢʦʥʘʡʪʝ ʦʙʯʠʩʣʝʥʥʷ. 
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   Expression  ï Expression =  

           attimemax(0,10,at1(0,u), t, 'nointerp')   

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï Table 2 

ɺ ʪʘʙʣʠʮʶ Table 2  ʙʫʜʝ ʜʦʜʘʥʦ ʢʦʤʽʨʢʫ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 5.100  

 
ʇʦʙʫʜʫʚʘʪʠ ʧʦʚʝʨʭʥʶ ʤʝʤʙʨʘʥʠ ʚ ʤʦʤʝʥʪ 0t  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ 

ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʝʨʘʪʦʨʘ at ( t 0, u) , ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ t0 ʩʣʽʜ ʚʟʷʪʠ ʟ 

ʦʧʝʨʘʪʦʨʘ attimemax(0,10,at1(0,u), t ) . ʅʘʩʪʫʧʥʘ ʩʫʧʝʨʧʦʟʠʮʽʷ ʦʧʝʨʘʪʦʨʽʚ 

at ( attimemax(0,10,at1(0,u), t ) , u)  ʥʝ ʧʨʘʮʶʻ. ʌʦʨʤʫ ʤʝʤʙʨʘʥʠ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʤʽʱʝʥʥʷʤ ʮʝʥʪʨʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʙʫʜʫʚʘʪʠ ʧʦ ʬʦʨʤʫʣʽ 

at (5.1117, u), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʧʝʨʰʦʤʫ ʘʨʛʫʤʝʥʪʽ ʟʥʘʡʜʝʥʝ ʚʠʱʝ ʟʥʘʯʝʥʥʷ 

ʯʘʩʫ 0t . ɸʣʝ ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʘʪʠ ʚʠʨʘʟ attimemax(0,10,at1(0,u),u) . 

ʊʦʜʽ ʙʫʜʝ ʟʥʘʡʜʝʥʦ ʯʘʩ 0t , ʚ ʷʢʠʡ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ r=0 , 

ʽ ʚ ʮʝʡ ʤʦʤʝʥʪ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʟʤʽʥʥʘ u ʫ ʚʩʽʭ ʪʦʯʢʘʭ r . 

  Results  - > Plot  Group  - > 2D Plot Group 

2D Plot Group 6: 

   Data ï Data set = Revolution 1D 1  

  2D Plot Group 6- > Surface 

2D Plot Group 6 ï Surface 1: 

   Expression ï Expression = attimemax(0,10,at1(0,u),u)  

  RMB > Height Expression 
2D Plot Group 6 ï Surface 1  ï Height Expression 1: 

   Axis ï Scale factor = True, 1  

  LMB>Plot 
ɹʫʜʝ ʩʪʚʦʨʝʥʦ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ, ʷʢʠʡ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʙʫʜʦʚʘʥʠʤ 

ʚʠʱʝ ʥʘ 52-ʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ. 

 
ɺ ʧʦʜʘʣʴʰʠʭ ʚʧʨʘʚʘʭ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʦʚʠʤʽʨʥʽ 

ʛʨʘʬʽʢʠ, ʷʢʽ ʙʫʜʫʚʘʪʠʤʫʪʴʩʷ ʥʘ ʨʘʜʽʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʤʝʤʙʨʘʥʠ. ɼʣʷ ʥʠʭ 

ʧʦʪʨʽʙʥʦ ʦʜʥʦʚʠʤʽʨʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʘʣʝ ʚʦʥʦ (Cut Line 2D 1 ) ʚʞʝ ʽʩʥʫʻ ʚ 

ʥʘʰʽʡ ʤʦʜʝʣʽ. 

  ʅʘʤʘʣʶʻʤʦ ʛʨʘʬʽʢ ʨʦʟʚôʷʟʢʫ ( )tru ,  ʧʨʠ t =3 ʚʟʜʦʚʞ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

  Results - > 1D Plot Group 

1D Plot Group 7  : 

   Data ï Data set = Cut Line 2D 1  

  1D Plot Group 7 - > Line Graph 

1D Plot Group 7 - Line Graph 1 : 



161 

 

   y- Axis Data ï Expression  = at( 3,u)  

   x- Axis Data ï Parameter, Expression  = Expression, r  

  LMB > Plot     (ʚʝʨʭʥʷ ʢʨʠʚʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ) 

ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʧʦʭʽʜʥʦʾ  ( )tr
r

u
,

µ

µ
 ʚʟʜʦʚʞ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ  t =3  . 

  1D Plot Group 7 - > Line Graph 

1D Plot Group 7 - Line Graph 2 : 

   y- Axis Data ï Expression  = d(at(3,u),r)  

ʊʦʡ ʞʝ ʛʨʘʬʽʢ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʚʠʨʘʟʦʤ d(with(31,u),r )  ʘʙʦ 

at(3,ur)  

x- Axis Data ï Parameter, Expression  = Expression, r  

  LMB > Plot    (ʥʠʞʥʷ ʢʨʠʚʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ) 

 
ɺ ʩʠʩʪʝʤʽ ʽʩʥʫʶʪʴ ʦʧʝʨʘʪʦʨʠ timemax ( t 1, t 2, expr )  ʽ  timemin ( t 1, t 2, expr ) , 

ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʤʘʢʩʠʤʫʤ ʽ ʤʽʥʽʤʫʤ ʚʠʨʘʟʫ expr  ʥʘ ʚʢʘʟʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʫ 

t 1ÄtÄt 2. ʗʢʱʦ ʚʠʨʘʟ expr  ʟʘʣʝʞʠʪʴ ʢʨʽʤ ʟʤʽʥʥʦʾ ʯʘʩʫ t  ʱʝ ʚʽʜ ʧʨʦʩʪʦʨʦʚʠʭ 

ʟʤʽʥʥʠʭ, ʪʦ ʤʘʢʩʠʤʫʤ ʽ ʤʽʥʽʤʫʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʦʢʨʝʤʦ  ̔

ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦʟʘʣʝʞʥʠʡ ʚʠʨʘʟ. ʅʘʧʨʠʢʣʘʜ ʚʠʨʘʟ (ʚ ʫʤʦʚʥʠʭ 

ʧʦʟʥʘʯʝʥʥʷʭ)   v( r )= timemax (0,10, u( r , t ))   ʧʦʚʝʨʪʘʻ ʤʘʢʩʠʤʫʤʠ ʧʦ ʯʘʩʫ 

(0ÄtÄ10)  ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ r   ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ  0ÄrÄ1, ʪʦʙʪʦ ʬʫʥʢʮʽʶ r . 

ɺʠʨʘʟ  v( r ) ʤʦʞʝ ʥʝ ʩʧʚ̔ʧʘʜʘʪʠ ʟ ʧʨʦʬʽʣʝʤ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʝʤʙʨʘʥʠ ʥʽ 

ʚ ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʇʦʷʩʥʠʤʦ ʮʝ.  

  ʅʘ ʚʽʜʨʽʟʢʫ 0ÄrÄ1 ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʚʠʨʘʟʽʚ at(5.1117,u)   ʽ  

timemax(0,10,u) . ʇʝʨʰʠʡ ʟ ʥʠʭ ʟʦʙʨʘʞʘʻ ʨʘʜʽʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʤʝʤʙʨʘʥʠ ʚ 

ʤʦʤʝʥʪ ʯʘʩʫ t =5.1117 , ʢʦʣʠ ʮʝʥʪʨʘʣʴʥʘ ʪʦʯʢʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʤʽʱʝʥʥʷ, ʘ ʜʨʫʛʠʡ ï ʛʨʘʬʽʢ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʪʦʯʦʢ ʧʝʨʝʨʽʟʫ.  
  Results - > 1D Plot Group 

1D Plot Group 8  : 

   Data ï Data set = Cut Line 2D 1  

  1D Plot Group 8 - > Line Graph 

1D Plot Group 8 - Line Graph 1 : 

   y- Axis Data ï Expression  = at(5.1117,u)  

   x- Axis Data ï Parameter , Expression  = Expression , r  

  RMB > Duplicate 
1D Plot Group 8 - Line Graph 2 : 

   y- Axis Data ï Expression  = timemax(0,10,u)  

   (ʪʦʡ ʞʝ ʛʨʘʬʽʢ ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʠʡ ʚʠʨʘʟʦʤ timemax(0,10,at1(r,u)) ) 
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  LMB > Plot 

 
ʗʢ ʙʘʯʠʪʝ ʢʨʠʚʽ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ. ʇʦʷʩʥʠʤʦ ʮʝ, ʧʦʙʫʜʫʚʘʚʰʠ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʤʽʱʝʥʥʷ ʜʝʷʢʠʭ ʪʦʯʦʢ ʤʝʤʙʨʘʥʠ. ɺʠʢʦʥʘʡʪʝ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʢʮʽʾ. 

Line Graph 2 : RMB > Duplicate 

Line Graph 3 : 

   y- Axis Data ï Expression  = timemax(0,10,at1(0.2,u))  

ʎʝʡ ʚʠʨʘʟ ʦʙʯʠʩʣʶʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʤʽʱʝʥʥʷ u ʚ ʪʦʯʮʽ r =0.2 , ʘ ʥʘʩʪʫʧʥʘ 

ʽʥʩʪʨʫʢʮʽʷ ʟʦʙʨʘʞʘʻ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʠ. 

   x- Axis Data ï Expression  = 0.2  

   Coloring and Style ï Width  = 8 

Line Graph 3 : RMB > Duplicate 

Line Graph 4 : 

   y- Axis Data ï Expression  = timemax(0,10,at1(0. 4,u))  

   x- Axis Data ï Expression  = 0.4  

Line Graph 4 : RMB > Duplicate 

Line Graph 5 : 

   y- Axis Data ï Expression  = timemax(0,10,at1(0. 6,u))  

   x- Axis Data ï Expression  = 0. 6 

Line Graph 5 : RMB > Duplicate 

Line Graph 6 : 

   y- Axis Data ï Expression  = timemax(0,10,at1(0. 8,u))  

   x- Axis Data ï Expression  = 0.8  

  LMB > Plot 

 
ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʢʦʞʥʦʾ ʪʦʯʢʠ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʻ ʤʘʢʩʠʤʘʣʴʥ ̔ʟʤʽʱʝʥʥʷ, ʘʣʝ 

ʤʦʤʝʥʪʠ ʯʘʩʫ, ʚ ʷʢʽ ʚʦʥʠ ʡʦʛʦ ʜʦʩ̫ ʛʘʶʪʴ, ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ. ʊʦʙʪʦ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ r =0.2,0.4,0.6,0.8   ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʂʨʠʚʘ 

ʚʠʨʘʟʫ timemax(0,10,u)  ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʚʢʘʟʘʥʽ ʪʦʯʢʠ ʽ ʟʦʙʨʘʞʘʻ ʛʨʘʬʽʢ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʤʽʱʝʥʴ ʪʦʯʦʢ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʝʤʙʨʘʥʠ, ʽ ʥʝ ʟʦʙʦʚôʷʟʘʥʘ 

ʩʧʽʚʧʘʜʘʪʠ ʟ ʛʨʘʬʽʢʦʤ ʧʝʨʝʨʽʟʫ ʚ ʷʢʠʡʩʴ ʬʽʢʩʦʚʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 
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ɿʘʫʚʘʞʝʥʥ.̫ ʄʘʢʩʠʤʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʜʝʷʢʠʭ ʪʦʯʦʢ ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʰʚʠʜʰʝ, 

ʷʢʱʦ ʛʨʘʬʽʢ ʚʠʨʘʟʫ timemax(0,10,u)  ʧʦʙʫʜʫʚʘʪʠ ʥʘ  ɼɼ  Cut  Point , ʷʢʝ 

ʷʚʣʷʪʠʤʝ ʮʽ ʪʦʯʢʠ. ɯʥʰʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʚ ʦʙʯʠʩʣʝʥʽ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʨʘʟʫ ʫ 

ʚʫʟʣʘʭ Point Evaluation . 

  ʇʨʦʜʦʚʞʠʤʦ ʽʣʶʩʪʨʫʚʘʪʠ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʽʚ. 

  ʆʧʝʨʘʪʦʨ  at 1(0, u)  ʦʙʯʠʩʣʶʻ ʨʦʟʚôʷʟʦʢ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʪʦʯʮʽ r =0 ʽ 

ʧʦʚʝʨʪʘʻ ʟʤʽʱʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʫ ( )tu ,0 . ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʮʽʻʾ 

ʬʫʥʢʮʽʾ, ʪʦʙʪʦ ʛʨʘʬʽʢ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʪʦʯʢʠ ʤʝʤʙʨʘʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʯʘʩʫ. 
  Results  - > 1D Plot Group 

1D Plot Group 9  : 

   Data ï Data set = Study  1/Solution  1 

  1D Plot Group 9 - > Global 

1D Plot Group 9 - Global 1 : 

   y- Axis Data ï Expression  = at1(0,u)    (ʚʚʝʜʝʥʥʷ ʚ ʪʘʙʣʠʮʽ) 

   x- Axis Data ï Parameter  = Time  

  LMB > Plot 

 
ɺʠʨʘʟ  timemin (0,10, at 1(0, u), ' nointerp ')  ʦʙʯʠʩʣʶʻ ʤʽʥ̔ʤʘʣʴʥʝ ʟʤʽʱʝʥʥʷ 

(ʤʘʢʩʠʤʘʣʴʥʝ ʚʥʠʟ) ʮʝʥʪʨʫ ʤʝʤʙʨʘʥʠ ʟʘ ʯʘʩ 100 ¢¢t , ʥʝ ʚʠʢʦʥʫʶʯʠ 

ʽʥʪʝʨʧʦʣʷʮʽʶ ʧʦ ʯʘʩʫ.  

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 3: 

   Expression ï Expression = timemin(0,10,at1(0,u),'nointerp')  

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï New Table 

ɺ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʟʦʥʽ ʩʪʚʦʨʶʻʪʴʩʷ ʪʘʙʣʠʮʷ Table  3, ʚ ʷʢʽʡ ʙʫʜʝ ʥʘʜʨʫʢʦʚʘʥʦ 

ʰʫʢʘʥʝ ʟʥʘʯʝʥʥʷ  - 1.3109  ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ. 

 
ɺʠʨʘʟ timeint (0,10, at 1(0, u))  ʦʙʯʠʩʣʶʻ ʚ ʪʦʯʮʽ r =0 ʽʥʪʝʛʨʘʣ ʧʦ ʯʘʩʫ, ʪʦʙʪʦ   

( )ñ
10

0
,0 tdtu . 

  Results  - >  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 4: 

   Expression ï Expression = timeint(0,10,at1(0,u))  

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï Table 3 
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ɺ ʪʘʙʣʠʮʶ Table 3 ʙʫʜʝ ʜʦʜʘʥʦ ʢʦʤʽʨʢʫ ʟʽ ʟʥʘʯʝʥʥʷʤʠ - 0.38995  ʚʢʘʟʘʥʦʛʦ 

ʽʥʪʝʛʨʘʣʘ. 

 
ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ ʪʨʠʚʘʶʪʴ ʢʽʣʴʢʘ ʩʝʢʫʥʜ, ʙʦ ʧʝʨʝʜ 

ʫʩʝʨʝʜʥʝʥʥʷʤ  ʽʥʪʝʛʨʘʣ ʦʙʯʠʩʣʶʻʪʴʩʷ ʫ ʚʩʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ɺʦʥʠ ʙʫʜʫʪʴ ʪʨʠʚʘʪʠ 

ʰʚʠʜʰʝ, ʷʢʱʦ ʦʙʤʝʞʠʪʠʩʷ ʜʚʦʤʘ ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ (ʧʨʠ ʦʜʥʦʤʫ ʤʦʤʝʥʪʽ ʥʝ 

ʩʧʨʘʮʴʦʚʫʚʘʪʠʤʝ ʦʧʮʽʷ  Operation  = Avera ge). 

  ɺʠʨʘʟ timeavg(0,10,at1(0,u))  ʦʙʯʠʩʣʶʻ ʩʝʨʝʜʥʻ ʟʘ ʯʘʩʦʤ ʟʥʘʯʝʥʥʷ 

ʟʤʽʱʝʥʥʷ ʚ ʪʦʯʮʽ r =0, ʪʦʙʪʦ ( )ñ
10

0
,0

10

1
tdtu . 

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 5: 

   Data  ï Time  selection  = Manual  

   Data  ï Times (s)(1-101) = 1,2   

   Expression ï Expression = timeavg(0,10,at1(0,u))  

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï Table 3 

 
ɺʠʨʘʟ at(3,at1(0.5,u))  ʦʙʯʠʩʣʶ  ̒ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ r =0. 5 ʚ ʤʦʤʝʥʪ ʯʘʩʫ t =3.  

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 6: 

   Data  ï Time  selection  = Manual  

   Data  ï Times (s)(1-101) = 1,2   

   Expression ï Expression = at(3,at1(0.5,u))  

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï Table 3 

 

ɺʠʨʘʟ integrate ( at 1( r , u), r ,0,1)  ʦʙʯʠʩʣʶʻ ʽʥʪʝʛʨʘʣ ( )ñ
1

0
, rdtru , ʷʢʠʡ   ̒

ʬʫʥʢʮʽʻʁ  ʯʘʩʫ. ʇʦʙʫʜʫʡʪʝ ʡʦʛʦ ʛʨʘʬʽʢ, ʜʦʜʘʚʰʠ ʚ ʪʘʙʣʠʮʶ ʚʠʨʘʟʽʚ ʚʫʟʣʘ 

1D Plot Group 9 - Global 1  ʥʦʚʠʡ ʨʷʜʦʢ :   

   y- Axis Data ï Expression  = integrate(at1(r,u),r,0,1)  

  LMB > Plot 

ʉʘʤʦʩʪʽʡʥʦ ʥʘʣʘʰʪʫʡʪʝ ʣʝʛʝʥʜʫ ʛʨʘʬʽʢʘ. 

 



165 

 

ɺʠʨʘʟ timeavg (0, 0.5 , integrate ( at 1( r , u), r ,0,1))  ʦʙʯʠʩʣʶʻ ʩʝʨʝʜʥʻ ʟʘ 

ʯʘʩʦʤ 0ÄtÄ0.5  ʧʦʧʝʨʝʜʥʴʦʛʦ ʽʥʪʝʛʨʘʣʘ, ʪʦʙʪʦ ( )( )ññ
5.0

0

1

0
,

5.0

1
tdrdtru . 

  Results  ->  Derived Values  ï Global Evaluation 

Derived Values - Global Evaluation 7: 

   Data  ï Time  selection  = Manual  

   Data  ï Times (s)(1-101) = 1,2   

   Expression ï Expression = 

           timeavg(0,0.5,integrate(at1(r,u),r,0,1))  

   Data Series Operation ï Operation = Average  

  LMB > Evaluate ï Table 3 

 

ʄʘʡʪʝ ʥʘ ʫʚʘʟʽ, ʱʦ ʦʩʪʘʥʥʻ ʦʙʯʠʩʣʝʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʽʥʪʝʛʨʘʣʘ ʪʨʠʚʘʻ ʜʦʩʠʪʴ 

ʜʦʚʛʦ, ʽ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ 0ÄtÄ0.5  ʚʧʣʠʚʘʻ ʥʘ ʮʝ ʩʫʪʪʻʚʦ. 

  ʗʢʱʦ ʚʠʨʘʟ expr   ʚ ʦʧʝʨʘʪʦʨʽ v=t imeavg ( t 1, t 2, expr )  ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ, ʥʘʧʨʠʢʣʘʜ, expr =u( r , t ) , ʪʦ ʩʝʨʝʜʥʻ ʟʘ ʯʘʩʦʤ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ r   ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʽ ʚʠʨʘʟ v ʙʫʜʝ 

ʬʫʥʢʮʽʻʶ r. ʇʝʨʝʚʽʨʢʘ ʮʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʪʦʛʦ, ʱʦ ʤʠ ʨʦʙʠʣʠ ʟ 

ʦʧʝʨʘʪʦʨʦʤ timemax (0,10, u)  ï ʙʫʜʫʚʘʣʠ ʢʨʠʚʫ ʽ ʦʢʨʝʤʽ ʪʦʯʢʠ. ɸʣʝ ʪʫʪ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʪʦʯʢʦʚʦʛʦ ʛʨʘʬʽʢʘ ʤʠ ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ. 
  Results  - > Data  Set -  > More Data Sets - > Cut Point 1D 

Data Sets - Cut Point 1D 1: 

   Data ï Data set = Study 1/Solution 1  

   Point Data ïEntry method = Coordanates  

   Point Data ï r  = range(0,0.1,1)  

  LMB > Plot 

 
ʉʧʦʯʘʪʢʫ ʧʦʙʫʜʫʻʤʦ ʢʨʠʚʫ ʩʝʨʝʜʥʽʭ ʟʤʽʱʝʥʴ ʪʦʯʦʢ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ 

ʽʥʪʝʨʚʘʣ ʯʘʩʫ  0ÄtÄ3. 

  Results - > 1D Plot Group 

1D Plot Group 10  : 
  1D Plot Group 10 - > Line Graph 

1D Plot Group 10 - Line Graph 1 : 

   Data ï Data set = Cut Line 2D 1  

   y- Axis Data ï Expression  = timeavg(0,3,u)  

   x- Axis Data ï Parameter , Expression  = Expression , r  

   Coloring and Style ï Color  = Red 
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ʇʦʪʽʤ ʧʦʙʫʜʫʻʤʦ ʩʝʨʝʜʥʽ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʪʦʯʢʦʚʦʤʫ ɼɼ, ʟʘ ʪʦʡ 

ʞʝ ̔ʥʪʝʨʚʘʣ ʯʘʩʫ  0ÄtÄ3. 

  1D Plot Group 10 - > Point Graph 

1D Plot Group 10 - Point Graph 1 : 

   Data ï Data set = Cut Point 1D 1   

   y- Axis Data ï Expression  = timeavg(0,3,u)  

ʊʫʪ ʚʠʨʘʟ timeavg(0,3, u)  ʦʙʯʠʩʣʶʻ ʩʝʨʝʜʥʻ ʟʘ ʯʘʩʦʤ 0ÄtÄ3 ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ, 

ʚʠʟʥʘʯʝʥʠʭ ʚ ʪʦʯʢʦʚʦʤʫ ʜʞʝʨʝʣʽ ʜʘʥʠʭ. 

   x- Axis Data ï Parameter, Expression  = Expression, r  

   Coloring and Style ï Color , Width  = Blue , 7      (ʜʚʘ ʧʦʣʷ) 

  LMB > Plot 

 
ʆʪʞʝ ʦʩʪʘʥʥʽʡ ʛʨʘʬʽʢ ʟʦʙʨʘʞʘʻ ʩʝʨʝʜʥʽ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ 

ʯʘʩ  0ÄtÄ3. 

  ʅʘʛʘʜʘʻʤʦ, ʱʦ ʟʚʠʯʘʡʥʠʡ ʪʦʯʢʦʚʠʡ ʛʨʘʬʽʢ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʫʟʦʣ Point Graph . ɼʣʷ ʧʨʠʢʣʘʜʫ ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ 

ʟʤʽʱʝʥʥʷ ʪʠʭ ʩʘʤʠʭ ʪʦʯʦʢ ʧʝʨʝʨʽʟʫ ʤʝʤʙʨʘʥʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t =0.4 . 

  Results  - > 1D Plot Group 

1D Plot Group 11  : 

   Data ï Data set = Cut Point 1D 1  

ʗʢʱʦ ʚ ʧʦʣʽ Data  ï Times  (s) ʚʚʝʩʪʠ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʪʦ ʚ 

ʜʦʯʽʨʥʴʦʤʫ ʚʫʟʣʽ  Point Graph  ʙʫʜʝ ʧʦʙʫʜʦʚʘʥʦ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʚ 

ʦʙʨʘʥʠʡ ʤʦʤʝʥʪ. 

   Data  ï Time  selection  = From list  

   Data  ï Times (s)  =0.4          

  1D Plot Group 11 - > Point Graph 

1D Plot Group 11 - Point Graph 1 : 

   Data ï Data set = From parent  

    y- Axis Data ï Expression  = u  

   x- Axis Data ï Parameter, Expression  = Expression, r  

   Coloring and Style ï Width  = 6 

  LMB > Plot    
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ʉʫʪʪʻʚʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʧʦʙʫʜʦʚʽ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʛʨʘʬʽʢʽʚ ʻ ʟʥʘʯʝʥʥʷ ʧʦʣʷ        

x- Axis  Data  ï Expression  =r  . 

ƴ 

ɺʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ COMSOL Multiphysics ʻ ʩʧʠʩʢʠ ʟʥʘʯʝʥʴ. ʇʦʣʷ, ʙʽʣʷ 

ʷʢʠʭ ʩʪʦʾʪʴ ʢʥʦʧʢʘ ,  ʚʠʤʘʛʘʶʪ ɹʚʚʝʜʝʥʥʷ ʩʧʠʩʢʽʚ. ɰʭ ʤʦʞʥʘ ʚʚʦʜʠʪʠ ʧʦ-

ʨʽʟʥʦʤʫ: 

¶ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʥʦʧʢʫ ʩʧʠʩʢʫ ; 

¶ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʚʝʜʝʥʥʷ ʯʠʩʝʣ ʯʝʨʝʟ ʧʨʦʤʽʞʦʢ ʘʙʦ ʯʝʨʝʟ ʢʦʤʫ, 

ʥʘʧʨʠʢʣʘʜ, 10, 15, 23, 29.7, 30;  

¶ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʠʩʣʘ ʟ ʧʨʦʤʽʞʢʘʤʠ-ʨʦʟʜʽʣʶʚʘʯʘʤʠ ʚʩʝʨʝʜʠʥʽ ʬʽʛʫʨʥʠʭ 

ʜʫʞʦʢ, ʥʘʧʨʠʢʣʘʜ, {0 0.25 0.5 0.75 1};  

¶ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʠʩʦʢ ʚ ʬʽʛʫʨʥʠʭ ʜʫʞʢʘʭ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʫ ʬʫʥʢʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ, cos({0 pi/6 pi/4 pi/3 pi/2}) ; 

¶ ʜʣʷ ʚʚʝʜʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʟʥʘʯʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʫʥʢʮʽʶ 

range ( start , step , stop ), ʜʝ ʘʨʛʫʤʝʥʪʠ start  ʽ stop  ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʧʦʯʘʪʢʦʚʝ ʽ ʢʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʧʠʩʢʫ, ʘ step  ï ʽʥʪʝʨʚʘʣ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ. 

ɿʘʟʥʘʯʝʥʽ ʩʧʦʩʦʙʠ ʤʦʞʥʘ ʧʦʻʜʥʫʚʘʪʠ. ʅʘʚʝʜʝʤʦ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ. 

1. ɿʘʧʠʩ  
   range (0,0.2,1) 1.5  2.0.  

ʦʙʨʦʙʣʷʻʪʴʩʷ ʷʢ ʩʧʠʩʦʢ  0 0.2 0.4 0.6 0.8 1.0 1.5 2.0 . 

2. ɿʘʧʠʩ (ʜʚʽ ʬʫʥʢʮʽʾ range  ʯʝʨʝʟ ʧʨʦʤʽʞʦʢ)  
   range (0,0.2,1.0)  range (2,0.1,2.5)  

ʦʙʨʦʙʣʷʻʪʴʩʷ ʷʢ ʦʙ'ʻʜʥʘʥʠʡ ʩʧʠʩʦʢ  
0  0.2  0.4  0.6  0.8  1.0  2.0  2.1  2.2  2.3  2.4  2.5.  

3. ɿʘʧʠʩ 2* range (0,0.2,1.0)  

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʧʠʩʢʫ  0  0.4  0.8  1.2  1.6  2.0.  

4. ɿʘʧʠʩ 2 r̂ange(0,1,5)  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʧʠʩʢʫ  1 2 4 8 16 32 . 

  ɺ ʩʠʩʪʝʤʽ COMSOL Multiphysics ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʥʪʘʢʩʠʩʫ ʚʠʨʘʟʽʚ ʽ 

ʬʫʥʢʮʽʡ ʻ ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ. ɹʽʣʴʰʽʩʪʴ ʬʫʥʢʮʽʡ 

ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʚʙʫʜʦʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʝʟʨʦʟʤʽʨʥʽ 

ʘʨʛʫʤʝʥʪʠ ʽ ʧʦʚʝʨʪʘʶʪʴ ʙʝʟʨʦʟʤʽʨʥʽ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʚʠʢʣʠʢ ʬʫʥʢʮʽʡ ʟ 

ʘʨʛʫʤʝʥʪʦʤ, ʷʢʠʡ ʤʘ̒ ʨʦʟʤʽʨʥʽʩʪʴ, ʚ ʨʷʜʽ ʢʦʥʪʝʢʩʪʽʚ ʙʫʜʝ ʧʨʠʚʦʜʠʪʠ ʜʦ 

ʧʦʤʠʣʢʠ. ʅʘʧʨʠʢʣʘʜ, ʮʝ ʤʦʞʝ ʩʪʘʪʠʩʷ ʚ ʚʠʨʘʟʽ sin (t) , ʜʝ t  ï ʟʤʽʥʥʘ ʯʘʩʫ. 
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ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʟʤʽʥʥʘ t  ʟʘʟʚʠʯʘʡ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʩʝʢʫʥʜʠ, ʷʢʱʦ ʚ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʦʜʠʥʠʮʴ ʉɯ (SI). ʑʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʤʽʥʥʫ ʯʘʩʫ t  

ʚ ʷʢʦʩʪʽ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʘʨʛʫʤʝʥʪʫ ʾʾ ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ ʨʦʟʤʽʨʥʽʩʪʶ [1/ s] . ʊʦʜʽ 

ʨʦʟʤʽʨʥʽʩʪʴ [s]  (ʩʝʢʫʥʜʘ) ʟʤʽʥʥʦʾ t  ʤʥʦʞʠʪʴʩʷ ʥʘ ʨʦʟʤʽʨʥʽʩʪʴ [1/ s]  ʽ ʚʝʣʠʯʠʥʘ 

t [1/ s]  ʩʪʘʻ ʙʝʟʨʦʟʤʽʨʥʦʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚʠʢʣʠʢ ʬʫʥʢʮʽʾ sin ( t [1/ s] )  ʙʫʜʝ 

ʢʦʨʝʢʪʥʠʤ. ʇʨʠ ʥʝʢʦʨʝʢʪʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʤʽʨʥʦʩʪʽ COMSOL ʚʠʜʽʣʷʻ 

ʚʠʨʘʟ ʧʦʤʘʨʘʥʯʝʚʠʤ ʢʦʣʴʦʨʦʤ. 

  ʄʥʦʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʝʡ ʤʘʻ ʧʨʽʦʨʠʪʝʪ ʥʘʜ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʨʘʟ 1/2[ m]  ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ 1/(2[ m])  ʽ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝ 

ʚʝʣʠʯʠʥʘ 0.5[1/ m]  = 0.5[ m
- 1

] . ʊʦʜʽ ʷʢ (1/2)[ m]  ʽ 1/2*1[ m]  ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʚʝʣʠʯʠʥʫ 0.5[ m]=50[ sm] . ɸʥʘʣʦʛʽʯʥʦ, ʷʢʱʦ L=2[ m], ʪʦ ʚʝʣʠʯʠʥʘ L[1/ s]  

ʧʨʝʜʩʪʘʚʣʷʻ ʰʚʠʜʢʽʩʪʴ 2[ m/ s] . 

  ʄʥʦʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʝʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʫʤʽʩʥʠʭ ʧʦ ʪʠʧʫ ʜʦʜʘʥʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʟʤʽʥʥʘ rho  

ʧʨʝʜʩʪʘʚʣʷʻ ʛʫʩʪʠʥʫ, ʪʦ ʜʦʧʫʩʪʠʤʠʤ  ̒ ʚʠʨʘʟ 10[ kg]+ rho [ m̂3] . ʂʨʽʤ ʪʦʛʦ, 

ʤʥʦʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʦʜʠʥʠʮʴ, ʥʘʧʨʠʢʣʘʜ, 

ʟʥʘʯʝʥʥʷ 4.5[ N][ m]  ʝʢʚʽʚʘʣʝʥʪʥʦ 4.5[ N* m]=4.5[ J]  ([ J]  ï ʜʞʦʫʣʴ). 

  ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʚʦʭ ʚʝʣʠʯʠʥ ʦʜʥʘʢʦʚʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (ʧʦ ʪʠʧʫ), ʥʘʧʨʠʢʣʘʜ 

ʜʦʚʞʠʥʠ, ʘʣʝ ʟʘʜʘʥʠʭ ʚ ʨʽʟʥʠʭ ʦʜʠʥʠʮʷʭ, ʩʠʩʪʝʤʘ COMSOL ʧʝʨʝʪʚʦʨʶʻ 

ʨʝʟʫʣʴʪʘʪ ʚ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʦʜʠʥʠʮʴ. ʅʘʧʨʠʢʣʘʜ, ʚʠʨʘʟ 0.5[ m]+25[ sm]  

ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ 0.75 [m] , ʷʢʱʦ ʉɯ (SI) ʻ ʦʩʥʦʚʥʦʶ ʩʠʩʪʝʤʦʶ 

ʦʜʠʥʠʮʴ ʤʦʜʝʣʽ.  

  ɼʦ ʙʫʜʴ-ʷʢʦʾ ʚʝʣʠʯʠʥʠ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʙʝʟʨʦʟʤʽʨʥʫ ʢʦʥʩʪʘʥʪʫ. ʊʦʜʽ 

ʩʠʩʪʝʤʘ ʚʚʘʞʘʻ, ʱʦ ʚʦʥʘ (ʢʦʥʩʪʘʥʪʘ) ʤʘʻ ʪʘʢʠʡ ʞʝ ʪʠʧ ʨʦʟʤʽʨʥʦʩʪʽ, ʷʢ ʧʝʨʰʠʡ 

ʦʧʝʨʘʥʜ, ʽ ʧʨʠ ʮʴʦʤʫ ʾʾ ʨʦʟʤʽʨʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ ʤʦʜʝʣʽ. 

  ʉʘʤʘ ʩʠʩʪʝʤʘ ʦʜʠʥʠʮʴ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʇɺ ʢʦʨʝʥʝʚʦʛʦ ʚʫʟʣʘ. ʅʘ 

ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʟ ʬʘʡʣʦʤ ʮʝʡ ʚʫʟʦʣ ʤʘʻ ʽʤôʷ Untitled.mph (root). ɺ ʡʦʛʦ ʇɺ ʚ 

ʩʧʠʩʢʫ Unit  system   ʤʦʞʥʘ ʦʙʨʘʪʠ (ʘʙʦ ʚʽʜʢʣʶʯʠʪʠ) ʙʘʞʘʥʫ ʩʠʩʪʝʤʫ ʦʜʠʥʠʮʴ.   

 
ʂʦʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʽ ʪʝʞ ʤʘʻ ʚʣʘʩʥʫ ʩʠʩʪʝʤʫ ʦʜʠʥʠʮʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʇɺ ʚʫʟʣʘ Component ʚ ʩʧʠʩʢʫ Unit  system  ʨʦʟʜʽʣʫ General .   ʅʘʡʯʘʩʪʽʰʝ ʥʘʩ 

ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʙʽʨ Same as global  system , ʪʦʙʪʦ ʩʠʩʪʝʤʘ ʦʜʠʥʠʮʴ 

ʢʦʤʧʦʥʝʥʪʘ ʪʘʢʘ ʩʘʤʘ, ʷʢʘ ʦʙʨʘʥʘ ʜʣʷ ʚʩʽʻʾ ʤʦʜʝʣʽ. ʊʫʪ ʞʝ ʟʘʜʘʶʪʴʩʷ ʽʤʝʥʘ 

ʟʤʽʥʥʠʭ ʜʣʷ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. 
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1.8. ɼʦʚʽʜʢʦʚʘ ʩʠʩʪʝʤʘ  ̔ʜʦʢʫʤʝʥʪʘʮʽʷ 

ʉʠʩʪʝʤʘ COMSOL Multiphysics ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʢʪʨʦʥʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ. ɺʦʥʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʘʟʦʤ ʟ COMSOL ʚ ʜʚʦʭ ʬʦʨʤʘʪʘʭ - PDF ʽ 

HTML. ɰʾ ʚʠ ʤʦʞʝʪʝ ʟʥʘʡʪʠ ʫ ʚʩʪʘʥʦʚʣʶʚʘʣʴʥʽʡ ʧʘʧʮ ̔ʩʠʩʪʝʤʠ COMSOL ʚ 

ʢʘʪʘʣʦʟʽ .. \ doc . 

  ɼʦʚʽʜʢʦʚʘ ʩʠʩʪʝʤʘ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʤʠʰʝʶ ʥʘ ʢʥʦʧʢʫ Help, 

ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ COMSOL 

Multiphysics, ʘʙʦ ʥʘʪʠʩʢʘʥʥʷʤ ʥʘ ʢʣʘʚʽʰʫ F1 ʢʣʘʚʽʘʪʫʨʠ. 

 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʘʥʝʣʴ ʜʦʚʽʜʢʠ ʟ 

ʪʝʤʦʶ, ʧʦʚ'ʷʟʘʥʦʶ ʟ ʘʢʪʠʚʥʠʤ ʚʫʟʣʦʤ ʜʝʨʝʚʘ ʤʦʜʝʣʽ. 

  ʂʦʤʙʽʥʘʮʽʷ ʢʣʘʚʽʰ Ctrl - F1 ʚʽʜʢʨʠʚʘʻ ʦʢʨʝʤʝ ʜʦʚʽʜʢʦʚʝ ʚʽʢʥʦ. ɺ ʥʴʦʤʫ 

ʤʽʩʪʠʪʴʩʷ ʩʧʠʩʦʢ ʚʩʽʻʾ ʜʦʢʫʤʝʥʪʘʮʽʾ COMSOL Multiphysics ʚ ʬʦʨʤʘʪʘʭ HTML ʽ 

PDF. ʎʝ ʚʽʢʥʦ ʧʨʘʮʶʻ ʷʢ ʩʘʤʦʩʪʽʡʥʠʡ Browser. 

  ʂʨʽʤ ʪʦʛʦ, ʚ ʤʝʥʶ File  ʻ ʧʫʥʢʪ Help, ʷʢʠʡ ʤʽʩʪʠʪʴ ʪʽ ʞ ʢʦʤʘʥʜʠ ʨʦʙʦʪʠ ʟ 

ʢʦʥʪʝʢʩʪʥʦʶ ʜʦʚʽʜʢʦʶ (F1) ʽ ʟ ʜʦʢʫʤʝʥʪʘʮʽʻʶ (Ctrl - F1). 

 
ʊʘʢʦʞ ʚ ʤʝʥʶ File  ʻ ʧʫʥʢʪ , ʷʢʠʡ ʚʽʜʢʨʠʚʘʻ ʙʽʙʣʽʦʪʝʢʫ ʛʦʪʦʚʠʭ 

ʤʦʜʝʣʝʡ/ʧʨʠʢʣʘʜʽʚ ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʬʽʟʠʢʠ ʽ ʪʝʭʥʽʢʠ. 

 
ʎ  ̫ ʢʦʤʘʥʜʘ ʻ ʪʘʢʦʞ ʥʘ ʟʘʢʣʘʜʮʽ Home ʩʪʨʽʯʢʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʧʘʥʝʣʝʡ ʚ 

ʚʠʧʘʜʥʦʤʫ ʩʧʠʩʢʫ Windows. 
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ɿʘ ʮʽʻʶ ʢʦʤʘʥʜʦʶ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʘʥʝʣʴ Application Libraries . ɺʠʙʽʨ ʚ 

ʩʧʠʩʢʫ ʧʨʠʢʣʘʜʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʚʘʥʪʘʞʝʥʥʷ mph ʬʘʡʣʫ, ʷʢʠʡ ʚʠ ʤʦʞʝʪʝ 

ʘʥʘʣʽʟʫʚʘʪʠ, ʟʤʽʥʶʚʘʪʠ ʽ ʚʠʢʦʥʫʚʘʪʠ. 

  ʂʦʤʘʥʜʘ  ʚʽʜʢʨʠʚʘʻ ʙʽʙʣʽʦʪʝʢʫ ʜʝʪʘʣʝʡ, ʪʦʙʪʦ ʛʦʪʦʚʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʚ ʛʽʣʢʫ Geometry ʩʪʚʦʨʶʶʪʴ 

ʚʽʜʧʦʚʽʜʥʽ ʚʫʟʣʠ. ɺʠ ʤʦʞʝʪʝ ʥʝ ʢʨʝʩʣʠʪʠ ʩʚʦʾ 3D ʦʙ'ʻʢʪʠ, ʧʝʨʝʨʽʟʠ, ʢʘʥʘʣʠ ʽ ʪ.ʜ., 

ʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʫ ʛʝʦʤʝʪʨʽ.ʁ 

  ʅʘ ʩʘʡʪʽ ʨʦʟʨʦʙʥʠʢʽʚ https://www.comsol.com/models ʻ ʛʘʣʝʨʝʷ ʤʦʜʝʣʝʡ. 

ɺʦʥʘ ʤʽʩʪʠʪʴ ʜʦʢʫʤʝʥʪʘʮʽʶ (ʟʘʟʚʠʯʘʡ ʚ ʬʦʨʤʘʪʽ PDF) ʧʦ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʢʣʘʜʽʚ. 

 

 

 

 

1.9. ɿʘʜʘʯʽ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ. 

ɿʘʜʘʯʘ 1. ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ 
22 yxz -=  (ʧʦʚʝʨʭʥʶ) ʥʘʜ ʢʚʘʜʨʘʪʥʦʶ 

ʦʙʣʘʩʪʶ [ ][ ]2,22,2 -³-  ʟ ʢʨʫʛʦʚʠʤ ʦʪʚʦʨʦʤ 122 ¢+yx . 

ɿʘʜʘʯʘ 2. ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ  
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ɿʘʜʘʯʘ 3. ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ 
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ɿʘʜʘʯʘ 4. ʅʘʢʨʝʩʣʠʪʠ ʪʝʪʨʘʝʜʨ ʟ ʚʝʨʰʠʥʘʤʠ ʚ ʪʦʯʢʘʭ  ( )0,0,0A , ( )0,1,2B , 

( )0,2,1C , ( )2,1.1,3.1D . ʆʙʯʠʩʣʠʪʠ ʦʙôʻʤ ʪʝʪʨʘʝʜʨʘ, ʧʣʦʱʫ ʛʨʘʥʽ ABC ʽ ʧʦʚʥʫ 

ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ. 

ɿʘʜʘʯʘ 5. ʅʘʢʨʝʩʣʠʪʠ ʚʝʨʪʠʢʘʣʴʥʠʡ ʮʠʣʽʥʜʨ ʨʘʜʽʫʩʦʤ 1 ʽ ʚʠʩʦʪʦʶ 5, ʚ ʷʢʦʤʫ ʥʘ 

ʚʠʩʦʪʽ 2 ʟʨʦʙʣʝʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʦʪʚʽʨ ʨʘʜʽʫʩʦʤ 0.5. ʆʙʯʠʩʣʠʪʠ 

ʦʙôʻʤ ʩʪʚʦʨʝʥʦʾ ʬʽʛʫʨʠ. 

ɿʘʜʘʯʘ 6. ɼʦʩʣʽʜʠʪʠ ʢʦʣʠʚʘʥʥʷ ʩʢʽʥʯʝʥʥʦʾ ʩʪʨʫʥʠ ʜʦʚʞʠʥʠ L=1 ʟ ʟʘʢʨʽʧʣʝʥʠʤʠ 

ʢʽʥʮʷʤʠ, ʧʦʯʘʪʢʦʚʠʤ ʟʤʽʱʝʥʥʷʤ ( ) 5.05.00, --= xxu , ʽ ʥʫʣʴʦʚʦʶ ʧʦʯʘʪʢʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ( ) 00, =¡xut . ʇʦʢʣʘʜʽʪʴ a=1 (ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣ)ɹ. 

  ʇʦʙʫʜʫʡʪʝ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ ʩʪʚʦʨʽʪʴ ʛʨʘʬʽʢʠ ʬʦʨʤʠ ʩʪʨʫʥʠ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʯʘʩʫ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʘ ʩʪʨʫʥʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʽ ʢʽʣʴʢʘ ʥʘʩʪʫʧʥʠʭ 

ʤʦʤʝʥʪʽʚ ʯʘʩʫ. 

 

ɿʘʜʘʯʘ 7. ɼʦʩʣʽʜʠʪʠ ʢʦʣʠʚʘʥʥʷ ʩʢʽʥʯʝʥʥʦʾ ʩʪʨʫʥʠ ʜʦʚʞʠʥʠ L ʟ ʦʜʥʠʤ 

ʟʘʢʨʽʧʣʝʥʠʤ ʢʽʥʮʝʤ ʽ ʽʥʰʠʤ ʚʽʣʴʥʠʤ. ɺ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʤʘʶʪʴ 

ʚʠʛʣʷʜ  ( ) ( ) 0,',0,0 == tLutu x . ʇʦʢʣʘʜʽʪʴ a=1 (ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ), 

L=4, ( ) 4/0, xxu =  (ʧʦʯʘʪʢʦʚʝ ʟʤʽʱʝʥʥʷ), ( ) 00, =¡xut  (ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ). 

  ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʨʦʟʚôʷʟʢʫ u( x, t )  ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ 

t =0,1,3,5.5 . 

 

ɿʘʜʘʯʘ 8. ɼʦʩʣʽʜʠʪʠ ʚʽʣʴʥʽ ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʢʨʫʛʦʚʦʾ ʤʝʤʙʨʘʥʠ 

ʨʘʜʽʫʩʫ R=1 (ʜʠʚ. ʧʘʨʘʛʨʘʬ 1.6.3), ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʢʦʥʪʫʨʽ, ʤʘʻ ʧʦʯʘʪʢʦʚʫ 

ʬʦʨʤʫ ( ) ( )1010, ¢¢-= rrru  ʽ ʥʫʣʴʦʚʫ ʧʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ( ) 00, =¡rut . ɺ 

ʟʘʜʘʯʽ ʧʦʢʣʘʜʽʪʴ 1=a  (ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴ). ʇʦʙʫʜʫʡʪʝ ʘʥʽʤʘʮʽʶ ʨʫʭʫ 

ʣʽʥʽʾ ʧʝʨʝʨʽʟʫ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ. 

ɿʘʜʘʯʘ 9. ʆʙʯʠʩʣʠʪʠ ʽ ʟʦʙʨʘʟʠʪʠ ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʛʠʥ ʙʘʣʢʠ. 

  ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʦʩʽ ʟʽʛʥʫʪʦ ʾ ʙʘʣʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʽʭ (ʧʦʧʝʨʝʯʥʠʭ) ʩʠʣ, ʤʘʻ ʚʠʛʣʷʜ ()xquEJ xxxx =¡¡¡¡ , ʜʝ q ï ʟʦʚʥʽʰʥʷ ʩʠʣʘ 

(ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ), E ʽ J ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʙʘʣʢʠ ʽ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʾʾ ʧʝʨʝʨʽʟʫ. ʆʩʴ X ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ ʙʘʣʢʠ. ʌʫʥʢʮʽʷ u(x)  ʷʚʣʷʻ 

ʚʝʨʪʠʢʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʦʩʽ ʙʘʣʢʠ, ʱʦ ʤʘʣʠ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʢʦʦʨʜʠʥʘʪʫ x. ɼʣʷ ʚʽʣʴʥʦ ʦʧʝʨʪʦʾ ʥʘ ʢʨʘʷʭ ʙʘʣʢʠ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ 

ʤʘʶʪʴ ʚʠʛʣʷʜ () () 0,00 == Luu , () () 0,00 =¡¡=¡¡ Luu , ʜʝ L ï ʜʦʚʞʠʥʘ ʙʘʣʢʠ. ɺ 

ʟʘʜʘʯʽ ʧʦʢʣʘʜʽʪʴ L=1, E=1, J=1, q( x)= - 1. 
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ɿʘʜʘʯʘ 10. ɼʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʚ ʪʦʥʢʦʤʫ ʩʪʨʠʞʥʽ ʙʦʢʦʚʘ 

ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʘ (ʪʝʧʣʦ ʤʦʞʝ ʧʦʰʠʨʶʚʘʪʠʩʷ ʪʽʣʴʢʠ ʚʟʜʦʚʞ ʦʩʽ). 

 
ɿʘʜʘʯʘ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʤʘʪʝʤʘʪʠʯʥʦ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʟʥʘʡʪʠ ʦʙʤʝʞʝʥʫ 

ʬʫʥʢʮʽʶ ( )txu ,  ( )Lxt ¢¢> 0,0 , ̫ ʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥ ʁʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 
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2
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x

u
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t

u

µ

µ
=

µ

µ
 ( )Lxt <<> 0,0 , 

ʧʦʯʘʪʢʦʚʽʡ ʫʤʦʚʽ  

)()0,( xxu j=  ( )Lx<<0 , 

ʽ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ ( ) 10 ,,),0( utLuutu == , ʜʝ ( )txu ,  ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʨʽʟʫ x 

ʩʪʨʠʞʥʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t (ʩʪʨʠʞʝʥʴ ʪʦʥʢʠʡ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʦʢ 

ʙʫʜʴ-ʷʢʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ x ʦʜʥʘʢʦʚʘ). 

  ɺʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ L=2, a=1, ʥʫʣʴʦʚʽʡ ʛʨʘʥʠʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ

( )( )0,,0),0( == tLutu , ʽ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨ ̔ () xxxu --== 11)0,( j . 

 
ɿʘʜʘʯʘ 11. ʈʦʟʚôʷʞʽʪʴ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ  1-=¡¡+¡¡ yyxx uu  ʚ ʦʙʣʘʩʪʽ ʦʚʘʣʫ G, ʷʢʠʡ 

ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ʌʫʥʢʮʽʷ ( )yxu ,  ʟʘʜʦʚʦʣʴʥʷʻ ʥʫʣʴʦʚʠʤ 

ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ ɼʽʨʠʭʣʝ 0=Gu  ʥʘ ʡʦʛʦ ʢʦʥʪʫʨʽ ɻ . 

 
ɿʘʜʘʯʘ 12. ʈʦʟʚôʷʞʽʪʴ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ  4-=¡¡+¡¡ yyxx uu

 
ʚ ʦʜʠʥʠʯʥʦʤʫ ʢʦʣʽ G ʟ 

ʦʜʥʦʨʽʜʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤ 0=µGu . ʇʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ( )yxu , . 

  ʊʦʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʻ ʬʫʥʢʮʽʷ  ( ) 221, yxyxu --= . ɿʥʘʡʜʽʪʴ ʘʙʩʦʣʶʪʥʫ 

ʧʦʭʠʙʢʫ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʪʘ ʧʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʨʽʟʥʠʮʽ ʜʚʦʭ ʨʦʟʚôʷʟʢʽʚ. 

ɿʘʜʘʯʘ 13. ɼʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ ʢʚʘʜʨʘʪʥʦ ʾ ʧʣʘʩʪʠʥʠ [ ][ ]1,01,0 ³ , 

ʢʦʥʪʫʨ ʷʢʦʾ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʥʫʣʴʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʘ ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ ( ( )10,, =yxu ). ɺʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʦʜʠʥʠʯʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ.  
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  ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ: ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʯʘʩʫ ʚ ʮʝʥʪʨʽ ʧʣʘʩʪʠʥʠ; 

ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʩʪʠʥʠ ʚʽʜ ʯʘʩʫ; ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʽʘʛʦʥʘʣʽ ʧʣʘʩʪʠʥʠ ʚʽʜ ʯʘʩʫ. ʇʦʙʫʜʫʚʘʪʠ ʟʦʥʜʠ, ʷʢʽ 

ʚʽʜʩʣʽʜʢʦʚʫʶʪʴ ʩʝʨʝʜʥ ʁ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʩʪʠʥʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʬʽʢʩʦʚʘʥʽʡ 

ʪʦʯʮʽ. 

ɿʘʜʘʯʘ 14.  ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʽʣʘ, ʷʢʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ɺʦʥʦ ʷʚʣʷʻ ʙʝʪʦʥʥʠʡ ʙʣʦʢ 1,,1 ¢¢- yx , 30 ¢¢z  ʟ 

ʦʪʚʦʨʦʤ ʫ ʚʠʛʣʷʜʽ ʘʨʢʠ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʟʜʦʚʞ ʦʩʽ X.  ʈʘʜʽʫʩ ʘʨʢʠ 0.5 ʤ. ɯʥʰʽ 

ʧʘʨʘʤʝʪʨʠ ʛʝʦʤʝʪʨʽ ʾʚʽʟʴʤʽʪʴ ʟ ʨʠʩʫʥʢʘ. ʆʩʥʦʚʘ ʪʽʣʘ ʟʘʢʨʽʧʣʝʥʘ. ɿʚʝʨʭʫ ʜʽʻ ʩʠʣʘ 
2/20000 ʤʥF = , ʩʧʨʷʤʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʽ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ 

ʚʝʨʭʥʽʡ ʛʨʘʥʽ.  

 

ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ: ʜʝʬʦʨʤʦʚʘʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʥʘʧʨʫʞʝʥʥʷ zs ; 

ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʥʘʧʨʫʞʝʥʥʷ zs  ʟʽ ʩʭʦʚʘʥʠʤʠ ʬʨʦʥʪʘʣʴʥʠʤʠ ʛʨʘʥʷʤʠ; 

ʟʦʙʨʘʟʠʪʠ ʥʘʧʨʫʞʝʥʥʷ zs  ʧʦ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʝʨʝʨʽʟʘʭ, ʨʦʟʪʘʰʫʚʘʚʰʠ ʾʭ 

ʛʨʘʬʽʢʠ ʧʦʨʫʯ; ʟʦʙʨʘʟʠʪʠ ʢʘʨʪʠʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʧʦʙʫʜʫʚʘʪʠ ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʣʥ̔ʽʡʥʠʡ ʛʨʘʬʽʢ ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʨʝʙʨʘʭ ʪʽʣʘ; ʧʦʢʘʟʘʪʠ ʪʦʯʢʠ 

ʤʘʢʩʠʤʫʤʫ ʽ ʤʽʥʽʤʫʤʫ zs  ʥʘ ʧʦʚʝʨʭʥʽ ʘʨʢʠ.   

ɿʘʜʘʯʘ 15.  ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʽʣʘ, ʷʢʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ɺʦʥʦ ʷʚʣʷʻ ʙʝʪʦʥʥʠʡ ʙʣʦʢ 1,,1 ¢¢- yx , 30 ¢¢z  ʟ 

ʧʨʷʤʦʢʫʪʥʠʤʠ ʦʪʚʦʨʘʤʠ ʟʘʚʰʠʨʰʢʠ 1 ʤ ̔ ʟʘʚʚʠʰʢʠ 2.5 ʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ X ʪʘ Y. ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʛʝʦʤʝʪʨʽ ʾʚʽʟʴʤʽʪʴ ʟ ʨʠʩʫʥʢʘ. 

ʆʩʥʦʚʘ ʪʽʣʘ ʟʘʢʨʽʧʣʝʥʘ. ɿʚʝʨʭʫ ʜʽʻ ʩʠʣʘ 
2/20000 ʤʥF = , ʩʧʨʷʤʦʚʘʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ  ̔ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʚʝʨʭʥʽʡ ʛʨʘʥʽ. 
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ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ: ʜʝʬʦʨʤʦʚʘʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʥʘʧʨʫʞʝʥʥʷ zs ; 

ʧʦʚʝʨʭʥʝʚʠʡ ʛʨʘʬʽʢ ʥʘʧʨʫʞʝʥʥʷ zs  ʟʽ ʩʭʦʚʘʥʠʤʠ ʬʨʦʥʪʘʣʴʥʠʤʠ ʛʨʘʥʷʤʠ; 

ʟʦʙʨʘʟʠʪʠ ʥʘʧʨʫʞʝʥʥʷ zs  ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʜʽʘʛʦʥʘʣʴʥʦʤʫ ʧʝʨʝʨʽʟʫ; ʟʦʙʨʘʟʠʪʠ 

ʢʘʨʪʠʥʫ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʧʦʙʫʜʫʚʘʪʠ ʜʝʬʦʨʤʦʚʘʥʠʡ ʣʽʥʽʡʥʠʡ ʛʨʘʬʽʢ ʚʝʣʠʯʠʥʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʨʝʙʨʘʭ ʪʽʣʘ; ʧʦʢʘʟʘʪʠ ʪʦʯʢʠ ʤʘʢʩʠʤʫʤʫ ʽ ʤʽʥʽʤʫʤʫ zs  ʥʘ 

ʧʣʦʱʠʥʽ 5.2=z . 

 

 

2. ɺʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ.  

2.1. ʆʩʥʦʚʠ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ. 

ʆʙʛʦʚʦʨʶʶʯʠ ʚ ʧʦʧʝʨʝʜʥʽʡ ʛʣʘʚʽ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ, ʤʠ ʙʘʯʠʣʠ, ʱʦ 

ʛʽʣʢʘ Results - Data Sets ʤʽʩʪʠʪʴ ʚʫʟʣʠ, ʷʢʽ ʨʝʧʨʝʟʝʥʪʫʶʪʴ ʜʞʝʨʝʣʘ ʜʘʥʠʭ (ɼɼ)  ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ. ɼʞʝʨʝʣʘʤʠ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ (Solution), ʦʜʥʦ-, ʜʚʦ- ʘʙʦ ʪʨʠʚʠʤʽʨʥʽ ʦʙʣʘʩʪʽ, ʧʨʦʩʪʦʨʦʚʽ ʢʨʠʚʽ ʽ 

ʧʦʚʝʨʭʥʽ, ʩʢʽʥʯʝʥʥʦʝʣʝʤʝʥʪʥʘ (ʉʢɽ) ʩʽʪʢʘ, ʤʝʞʘ ʦʙʣʘʩʪʽ, ʩʽʯʥʽ ʧʣʦʱʠʥʠ ʘʙʦ 

ʣʽʥʽʾ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʙʦʨʠ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʽ ʜʝʷʢʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʟ ʽʥʰʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ. 

  ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ, ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʬʘʢʪʠʯʥʦ 

ʚʠʟʥʘʯʘʻ ʟʦʥʫ ʟʤʽʥʠ ʾʾ ʘʨʛʫʤʝʥʪʽʚ. ɼʞʝʨʝʣʘ ʜʘʥʠʭ, ʪʘʢʽ ʷʢ Solution , ʢʨʽʤ ʟʦʥʠ 

ʟʤʽʥʠ, ʟʘʟʚʠʯʘʡ ʤʽʩʪʷʪʴ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ. çʇʦʭʽʜʥʽè ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʜʘʥʽ ʙʘʟʦʚʦʛʦ ʜʞʝʨʝʣʘ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʪʘʢʽ ʡʦʛʦ ʝʣʝʤʝʥʪʠ, ʷʢ 

ʢʦʥʪʫʨʠ ʛʨʘʥʠʮʽ, ʩʽʯʥʽ ʣʽʥʽʾ ʘʙʦ ʧʣʦʱʠʥʠ. 

  ʂʨʽʤ ʛʨʘʬʽʢʽʚ, ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʽʥʪʝʛʨʘʣʽʚ, ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ  ̔ʝʢʩʪʨʝʤʫʤʽʚ ʚʠʨʘʟʽʚ, ʦʩʢʽʣʴʢʠ ʮʠʤ ʦʧʝʨʘʮʽʷʤʠ, 

ʢʨʽʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʫʥʢʮʽʡ, ʪʨʝʙʘ ʚʢʘʟʫʚʘʪʠ ʟʦʥʠ (ʤʥʦʞʠʥʠ ʪʦʯʦʢ), ʥʘ ʷʢʠʭ 

ʚʦʥʠ ʚʞʠʚʘʶʪʴʩʷ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʟʣʽʚ 

ʛʽʣʢʠ Derived  Values  ʜʝʨʝʚʘ ʤʦʜʝʣʽ. 

  ʋʩʽ ʛʨʘʬʽʢʠ ʚ ʩʚʦʻʤʫ ʧʦʣʽ Data set  ʧʦʚʠʥʥʽ ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʷʢʠʡ-ʥʝʙʫʜʴ 

ʝʣʝʤʝʥʪ ʛʽʣʢʠ Results-Data Sets. ʈʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (Solution ), ʷʢʱʦ ʚʽʥ 

ʧʦʙʫʜʦʚʘʥʠʡ, ʻ ʟʥʘʯʝʥʥʷʤ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʜʞʝʨʝʣ ʜʘʥʠʭ ʙʽʣʴʰʦʩʪʽ 

ʛʨʘʬʽʢʽʚ. 
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  ʅʘʟʚʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ɼɼ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʧʘʥʝʣʽ Results  

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʾʩʪʨʽʯʢʠ ʚ ʨʦʟʜʽʣʽ Data Set  ʧʨʠ ʨʦʟʢʨʠʪʦʤʫ ʩʧʠʩʢʫ More 
Data Sets (ʜʠʚ. ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ). 

  ɼʞʝʨʝʣʘ ʜʘʥʠʭ ʪʠʧʫ Grid   (ʨʝʰʽʪʢʘ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʬʫʥʢʮʽʡ ʚ ʟʦʥʘʭ, ʚ ʷʢʠʭ ʥʝʤʘʻ ʉʢɽ ʩʽʪʢʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ ʚ 

ʜʘʣʴʥʽʡ ʟʦʥʽ. ɼʣʷ ʜʞʝʨʝʣʘ ʪʠʧʫ Grid 1D   ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʦʥʦʶ ʻ ʽʥʪʝʨʚʘʣ, ʘ ʜʣʷ 

ʜʞʝʨʝʣ Grid  2D   ̔  Grid 3D   ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʦʙʣʘʩʪʷʤʠ ʻ ʧʨʷʤʦʢʫʪʥʠʢ ʽ 

ʧʨʷʤʦʢʫʪʥʠʡ ʧʘʨʘʣʝʣʝʧʽʧʝʜ. ʈʦʟʤʽʨʠ ʽ ʧʦʣʦʞʝʥʥʷ ʽʥʪʝʨʚʘʣʫ, ʧʨʷʤʦʢʫʪʥʠʢʘ ʽ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʟʘʜʘʶʪʴʩʷ ʫ ʚʽʢʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ (ɺɺ) ʚʽʜʧʦʚʽʜʥʠʭ ʚʫʟʣʽʚ Grid . 

  ɼʞʝʨʝʣʘ ʪʠʧʫ Mesh (ʩʽʪʢʘ) ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʟʚôʷʟʢʽʚ ʽ ʧʦʙʫʜʦʚʠ 

ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ ʥʘ ʉʢɽ ʩʽʪʢʘʭ, ʽʩʥʫʶʯʠʭ ʚ ʤʦʜʝʣʽ. ɼʞʝʨʝʣʘ ʮʴʦʛʦ ʪʠʧʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ ʩʘʤʦʾ ʩʽʪʢʠ. 

 
ɺʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʣʴʰʦʩʪʽ ʚʫʟʣʽʚ, ʱʦ ʨʝʧʨʝʟʝʥʪʫʶʪʴ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʤʽʩʪʷʪʴ 

ʨʦʟʜʽʣ Data  ʟ ʧʦʣʷʤʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʜʞʝʨʝʣʘ. ʊʘʢ ʚʽʢʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʞʝʨʝʣ ʜʘʥʠʭ Grid   ʚ ʨʦʟʜʽʣʽ Data ʤʘʶʪʴ ʩʧʠʩʦʢ Source, ʚ ʷʢʦʤʫ ʟʘʟʚʠʯʘʡ 
ʨʦʙʠʪʴʩʷ ʚʠʙʽʨ Function , ʽ ʩʧʠʩʦʢ Function , ʚ ʷʢʦʤʫ ʩʣʽʜ ʚʠʙʨʘʪʠ ʽʤ'ʷ 
ʛʣʦʙʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʘʙʦ All  (ʚʩʽ ʬʫʥʢʮʽʾ). 

 
ʄʦʜʝʣʴ, ʚ ʷʢʽʡ ʥʝʤʘʻ ʽʥʰʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ ʦʢʨʽʤ ʜʞʝʨʝʣʘ Grid , ʧʦʚʠʥʥʘ ʤʘʪʠ, 

ʧʨʠʥʘʡʤʥʽ, ʦʜʥʫ ʛʣʦʙʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 
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  ɼʞʝʨʝʣʘ ʪʠʧʫ Cut Point  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʘʙʦʨʠ ʜʠʩʢʨʝʪʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʪʦʯʦʢ. ɺ ʧʦʧʝʨʝʜʥʽʡ ʛʣʘʚʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʞʝʨʝʣʦ Cut Point 2D  ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʫ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʘʭ ʢʨʫʛʦʚʦʾ 

ʦʙʣʘʩʪʽ. ɼʞʝʨʝʣʘ ʪʠʧʫ Cut Line  ʟʘʟʚʠʯʘʡ ʻ ʣʽʥʽʷʤʠ ʧʝʨʝʨʽʟʫ ʦʙʣʘʩʪʝʡ. ɼʞʝʨʝʣʘ 

Cut Plane  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʽʯʥʽ ʧʣʦʱʠʥʠ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙʣʘʩʪʝʡ ʽ ʚʞʠʚʘʶʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʜʞʝʨʝʣʘʤ Cut Line . ʈʦʟʜʽʣ  Data   ʇɺ ʚʫʟʣʽʚ  Cut Line   ʽ  Cut 

Plane  ʤʽʩʪʠʪʴ ʩʧʠʩʦʢ Data Set, ʟ ʷʢʦʛʦ ʟʘʟʚʠʯʘʡ ʚʠʙʠʨʘʻʪʴʩʷ ʽʥʰʝ ʜʞʝʨʝʣʦ 

ʜʘʥʠʭ, ʯʝʨʝʟ ʷʢʝ ʧʨʦʭʦʜʠʪʴ ʩʽʯʥʘ.  

 
 

ɼʞʝʨʝʣʦ Study  1/Solution  1 ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʦʙʯʠʩʣʝʥʴ, ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʉʢɽ ʩʽʪʢʫ ʽ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ ʚ ʾʾ ʚʫʟʣʘʭ. ʗʢʱʦ ʚʫʟʣʘʤ 

Cut Line   ʽ Cut Plane ʚ ʩʧʠʩʢʫ Data set  ʚʢʘʟʘʪʠ Stu dy 1/Solution  1, ʪʦ 

ʚʦʥʠ çʚʠʙʝʨʫʪʴè ʟ ʮʴʦʛʦ ʜʞʝʨʝʣʘ ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ ʽ ʥʘʜʘʚʘʪʠʤʫʪʴ ʾʾ 

ʛʨʘʬʽʯʥʠʤ ʘʙʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʚʫʟʣʘʤ, ʷʢʽ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʫʪʴ. 

  ɺ ʥʘʩʪʫʧʥʠʭ ʧʨʠʢʣʘʜʘʭ ʤʠ ʜʦʢʣʘʜʥʽʰʝ ʦʧʠʰʝʤʦ ʙʽʣʴʰʽʩʪʴ ʪʠʧʽʚ ʜʞʝʨʝʣ 

ʜʘʥʠʭ ʽ ʧʦʷʩʥʠʤʦ ʩʧʦʩʦʙʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ. ʆʩʢʽʣʴʢʠ ʤʠ 

ʥʝ ʛʦʪʦʚʽ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʜʘʯʽ, ʪʦ ʜʝʷʢʽ ʪʠʧʠ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʛʨʘʬʽʢʽʚ 

ʟʘʣʠʰʘʪʴʩʷ ʧʦʟʘ ʥʘʰʦʶ ʫʚʘʛʦʶ. 

 

2.1.1. ɻʨʘʬʽʢʠ ʬʫʥʢʮʽʡ. 

ɺ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʙʫʜʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʨʦʙʦʪʫ ʟ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ Grid , 

Cut  Point  1D, Contour ,  ʪʘ ʛʨʘʬʽʢʽʚ  Line Graph , Point  Graph, Global ,  

Line , Surface ,  Contour , Slice , Multislice , Isosurface , Scatter Volume , 

ʧʦʣʷʨʥʠʭ ʛʨʘʬʽʢʽʚ (Polar Plot Group ) ʽ ʛʨʘʬʽʢʽʚ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ (FarField ). 

  ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɼɼ ʪʠʧʫ Grid  . 

ʇʨʠʢʣʘʜ 1. ʉʪʚʦʨʽʪʴ ʰʘʙʣʦʥ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ Blank Model .  

   File - > New - > Blank Model 

ʑʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʪʠʧʫ Grid  (ʨʝʰʽʪʢʘ), ʢʦʣʠ ʥʝʤʘʻ ʽʥʰʠʭ 

ʜʞʝʨʝʣ, ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʨʠʥʘʡʤʥʽ ʦʜʥʫ ʛʣʦʙʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʥʘʚʽʪʴ ʷʢʱʦ 

ʚʦʥʘ ʥʝ ʙʫʜʝ ʚʞʠʚʘʪʠʩʷ.  

Global Definitions : RMB > Functions ï Analytic 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʽʥʩʪʨʫʢʮʽʾ ʩʪʚʦʨʶʻʪʴʩʷ ʚʫʟʦʣ ʽ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

ʧʘʥʝʣʴ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʇɺ), ʚ ʷʢʽʡ ʟʘʜʘ̒ʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʬʫʥʢʮʽʾ. 

        Function name = f  

   Definition ï Expression = 1 

   Definition ï Arguments = x 

ʇʦʣʝ Function name  ʤʽʩʪʠʪʴ ʽʤ'ʷ ʬʫʥʢʮʽʾ, ʚ ʧʦʣʽ Arguments  ʯʝʨʝʟ ʢʦʤʫ 

ʧʝʨʝʣʽʯʫʶʪʴʩʷ ʽʤʝʥʘ ʾʾ ʘʨʛʫʤʝʥʪʽʚ, ʘ ʚ ʧʦʣ̔ Expression  ʚʚʦʜʠʪʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚ ɼʄ ʪʨʦʭʠ ʟʤʽʥʠʣʘʩʷ ʥʘʟʚʘ ʚʫʟʣʘ 
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ʬʫʥʢʮʽʾ ï ʚʽʥ ʪʝʧʝʨ ʤʘʻ ʧʦʟʥʘʯʢʫ Analytic (f). ʎʶ ʬʫʥʢʮʽïʁʟʘʛʣʫʰʢʫ ʤʠ ʥʝ 

ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʧʨʦʪʝ ʚʦʥʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʫʟʣʽʚ ʪʠʧʫ 

Grid . 

  ʉʪʚʦʨʽʪʴ ʦʜʥʦʚʠʤʽʨʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʪʠʧʫ Grid   ʢʦʤʘʥʜʦʶ 

Results - Data Sets: RMB> More Data Sets -> Grid 1D 

ʽ ʟʘʧʦʚʥʽʪʴ ʇɺ ʩʪʚʦʨʝʥʦʛʦ ʚʫʟʣʘ Grid 1D 1 ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ. 

 

 
ʂʽʥʮʽ ʚʽʜʨʽʟʢʘ ʚʠʟʥʘʯʘʪʁʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʚ ʧʦʣʷʭ Minimum    ̔  Maximum . 

ɺʤʽʩʪ ʧʦʣʷ Resolution  ʟʘʣʠʰʪʝ ʙʝʟ ʟʤʽʥ. ɺ ʥʴʦʤʫ ʚʢʘʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʪʪʷ ʚʽʜʨʽʟʢʘ.  

  ʉʪʚʦʨʽʪʴ ʛʨʫʧʫ ʦʜʥʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ. ɺ ʛʽʣʢʫ Results ʜʦʜʘʡʪʝ ʛʽʣʢʫ ʪʠʧʫ 

1D Plot Group   ʽ ʚ ʥʽʡ ʩʪʚʦʨʽʪʴ Line Graph  ʚʫʟʦʣ. 

  Results - > Plot Group - 1D Plot Group 

1D Plot Group 1:  

   Data Set ï Data  = Grid 1D 1  

  RMB > Line Graph 
1D Plot Group 1 - Line Graph 1: 

   y- Axis Data ï Expression = x^3  

   x- Axis Data ï Parameter ,  Expression = Expression ,  x  (ʜʚʘ ʧʦʣʷ) 

ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʪʦʚʱʠʥʫ ʣʽʥʽʾ. 

  LMB > Plot       

 
ʗʢ ʨʝʟʫʣʴʪʘʪ, ʛʨʘʬʽʢ ʢʫʙʽʯʥʦʾ ʧʘʨʘʙʦʣʠ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʚʽʜʨʽʟʢʫ [-1,1], ʷʢʠʡ 

ʨʝʧʨʝʟʝʥʪʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ Grid 1D 1 . 

  ʇʦʢʘʞʝʤʦ, ʷʢ ʥʘ ʛʨʘʬʽʢʫ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʦʢʨʝʤʽ ʪʦʯʢʠ. ʉʧʦʯʘʪʢʫ ʪʨʝʙʘ 

ʩʪʚʦʨʠʪʠ çʪʦʯʢʦʚʝè ʜʞʝʨʝʣʦ ʜʘʥʠʭ. 
  Results - > Data Set - More Data Sets - > Cut Point 1D 

Data Sets - Cut Point 1D 1 : 

   Data  ï Data set = Grid 1D 1 

   Point Data ï Entry method  = Coordanates  

   Point Data ï x = range( - 1,0.25,1)  
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ʇʦʪʽʤ ʚ ʦʜʥʦʚʠʤʽʨʥʽʡ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ Point Graph   ʚʫʟʦʣ ʽ 

ʚ ʷʢʦʩʪʽ ʡʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʪʠ ʩʪʚʦʨʝʥʠʡ ʚʫʟʦʣ Cut Point 1D 1. ɼʣʷ 

ʮʴʦʛʦ ʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ 1D Plot Group 1, ʘ ʧʦʪʽʤ ʚʠʢʦʥʘʡʪʝ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʢʮʽʾ: 
  1D Plot Group 1 - > Add Plot - Point Graph 

1D Plot Group 1 - Point Graph 1: 

   Data Set ï Data  = Cut Point 1D 1  

   y- Axis Data ï Expression = x^3  

   x- Axis Data ï Parameter , Expression  = Expression , x 

ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʨʦʟʤʽʨ ʪʦʯʦʢ. 
  LMB > Plot    (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

ʊʫʪ ʚ ʚʠʨʘʟ x^3  ʟʘʤʽʩʪʴ ʘʨʛʫʤʝʥʪʫ x ʧʽʜʩʪʘʚʣʷʣʠʩʷ ʘʙʩʮʠʩʠ ʪʦʯʦʢ ɼɼ Cut 

Point 1D 1. 

  ʂʦʣʠ ʥʘ ʛʨʘʬʽʢ ʪʨʝʙʘ ʜʦʜʘʪʠ ʦʜʥʫ ʪʦʯʢʫ (ʘʙʦ ʢʽʣʴʢʘ ʟʽ ʩʧʽʣʴʥʦʶ ʘʙʩʮʠʩʦʶ), 

ʪʦ ʜʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʫʟʦʣ Global . ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʙʫʜʦʚ 

ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʡ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ ʘʙʦ ʷʢʦʛʦʩʴ ʥʝʧʨʦʩʪʦʨʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʤʦʜʝʣʽ. ɸʣʝ ʷʢʱʦ ʚ ʷʢʦʩʪʽ ʚʠʨʘʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʣʽ ʟʥʘʯʝʥʥʷ, ʪʦ 

ʙʫʜʫʶʪʴʩʷ ʪʦʯʢʠ. 

  1D Plot Group 1 - > Add Plot -  Global 

1D Plot Group 1 - Global 1: 

   y- Axis Data ï Expression = 0.5         (ʧʝʨʰʠʡ ʨʷʜʦʢ ʪʘʙʣʠʮʽ) 

   y- Axis Data ï Expression =- 0.5       (ʜʨʫʛʠʡ  ʨʷʜʦʢ ʪʘʙʣʠʮʽ) 

 

   x- Axis Data ï Parameter , Expression  = Expression ,  0.25  

   ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʨʦʟʤʽʨ ʪʦʯʦʢ. 

  LMB > Plot   (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

  
ʊʫʪ ʜʣʷ ʜʚʦʭ ʪʦʯʦʢ ʟ ʦʨʜʠʥʘʪʘʤʠ 0.5   ʽ - 0.5  ʟʘʜʘʥʘ ʩʧʽʣʴʥʘ ʘʙʩʮʠʩʘ 0.25 . 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ Grid 2D . 

  Results - > Data Set - More Data Sets - > Grid 2D 

Results - Data Sets - Grid 2D 2 : 

   Data ï Source, Function = Function ,  All         (ʜʚʘ ʧʦʣʷ) 

   Paramemter Bounds ï  

      ï First parameter  ï Minimum, Maximum = - 1,1   (ʜʚʘ ʧʦʣʷ) 

      ï Second parameter ï Minimum,  Maximum = - 1,1   (ʜʚʘ ʧʦʣʷ) 

ɺ ʨʦʟʜʽʣʽ Resolution  ʚʢʘʟʫʶʪʴʩʷ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʧʨʷʤʦʢʫʪʥʦʾ ʦʙʣʘʩʪʽ ʧʦ ʢʦʞʥʽʡ ʢʦʦʨʜʠʥʘʪʽ; ʟʘʣʠʰʠʤʦ ʾʭ ʥʝʟʤʽʥʥʠʤʠ. 
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ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot  ʽ ʦʪʨʠʤʘʡʪʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

 
 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid 2D , ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʢʽʣʴʢʘ ʨʽʟʥʠʭ 

ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ. 

  ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʫ ʚʠʛʣʷʜʽ ʧʦʚʝʨʭʥʽ. 
  Results - > Plot Group - 2D Plot Group 

2D Plot Group 2:  

   Data  ï Data set = Grid 2D 2  

  RMB > Surface 
2D Plot Group 2 - Surface 1 : 

   Expression ï Expression  = x̂ 4 - y^4   

2D Plot Group 2 ï Surface 1 : RMB > Height Expression 
  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʚ ʮʝʥʪʨʽ) 
ʇʦʚʝʨʭʥʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʚʩʝʨʝʜʠʥʽ ʽ ʧʦʙʫʜʦʚʘʥʘ ʥʘʜ 

ʧʨʷʤʦʢʫʪʥʦʶ ʦʙʣʘʩʪʶ. ɼʞʝʨʝʣʦ ʜʘʥʠʭ Grid 2D 2 ʧʨʝʜʩʪʘʚʣʷʻ ʮʝʡ 

ʧʨʷʤʦʢʫʪʥʠʢ. 

  ʊʝʧʝʨ ʚʠʜʽʣʽʪʴ ʚʫʟʦʣ Height Expression 1 ʽ ʥʘʪʠʩʥʽʪʴ ʢʣʘʚʽʰʫ F3 (ʘʙʦ ʟ 

ʚʠʧʘʜʥʦʛʦ ʤʝʥʶ ʚʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Disable). ʎʠʤ ʚʠ ʜʝʘʢʪʠʚʫʻʪʝ ʚʫʟʦʣ Height 

Expression 1, ʽ ʛʨʘʬʽʯʥʝ ʚʽʢʥʦ ʛʽʣʢʠ 2D Plot Group 2 ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ, 

ʟʦʙʨʘʞʝʥʦʛʦ ʧʨʘʚʦʨʫʯ. ɼʝʘʢʪʠʚʘʮʽ̫  çʚʠʤʠʢʘʻè ʚʫʟʦʣ ʽ ʩʢʘʩʦʚʫʻ ʙʫʜʴ-ʷʢʠʡ ʡʦʛʦ 

ʚʧʣʠʚ ʥʘ ʤʦʜʝʣʴ. ɼʣʷ ʧʦʚʪʦʨʥʦʾ ʘʢʪʠʚʘʮʽʾ ʚʫʟʣʘ ʥʘʪʠʩʥʽʪʴ ʢʣʘʚʽʰʫ F4. 

 

  

ɯʥʦʜʽ ʙʘʞʘʥʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʥʝ ʥʘʜ ʦʙʣʘʩʪʶ, ʘ ʥʘʜ ʾʾ 

ʢʦʥʪʫʨʦʤ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ Line  ʚʫʟʦʣ ʚ ʜʚʦʚʠʤʽʨʥʽʡ 

ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ. ɺʽʥ ʟʥʘʭʦʜʠʪʠʤʝ ʚʩʽ ʦʜʥʦʚʠʤʽʨʥʽ ʝʣʝʤʝʥʪʠ, ʩʪʚʦʨʝʥʽ ʚ 

ʜʚʦʚʠʤʽʨʥʽʡ ʛʝʦʤʝʪʨʽʾ (ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʥʘ ʤʝʞʽ ɼɼ Grid  2D), ʽ ʥʘ ʥʠʭ ʙʫʜʝ 

ʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʚʠʨʘʟʫ. ʂʦʞʥʘ ʪʦʯʢʘ ʢʨʠʚʦʾ ʚ 2D ʦʙʣʘʩʪʽ ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ x,y, ʽ 

ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʥʘ 

ʮʽʡ ʢʨʠʚʽʡ.   

  ɼʝʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Surface 1, ʥʘʪʠʩʥʫʚʰʠ ʢʣʘʚʽʰʫ F3. ʎʠʤ ʧʨʠʙʠʨʘʻʪʴʩʷ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ.  

  ɼʦʜʘʡʪʝ ʚ ʛʽʣʢʫ ʚʫʟʦʣ  Line  ʛʨʘʬʽʢʘ. 

  2D Plot Group 2 - > Add Plot - Line 

2D Plot Group 2 - Line 1 : 

   Data  ï Data set = From parent  
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   Expression ï Expression  = x̂ 2+y^ 2 

   Coloring and Style  ï Line type  =Tube 

   Coloring and Style  ï Tube radius expression  =0.04  

   Coloring and Style  ï Radius scale factor  =True,1  
  LMB > Plot        (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

  RMB > Height Expression 
  LMB > Plot        (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

 
 

ʇʝʨʝʜ ʜʝʤʦʥʩʪʨʫʚʘʥʥʷʤ ʽʥʰʠʭ ʩʧʦʩʦʙʽʚ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʜʚʦʭ 

ʟʤʽʥʥʠʭ ʩʧʦʯʘʪʢʫ ʜʝʘʢʪʠʚʫʡʪʝ ʦʩʪʘʥʥʽʡ ʛʨʘʬʽʢ. 

2D Plot Group 2 ï Line 1 : RMB > Disable 

ʇʨʠ ʘʢʪʠʚʥʦʤʫ ʚʫʟʣʽ 2D Plot Group 2 ʥʘ ʩʪʨʽʯʮʽ ʙʫʜʝ ʘʢʪʠʚʥʘ ʟʘʢʣʘʜʢʘ 2D Plot 

Group 2 , ʱʦ ʤʽʩʪʠʪʴ, ʟʦʢʨʝʤʘ, ʢʦʤʘʥʜʠ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʢʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʅʘʟʚʠ 

ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʛʨʘʬʽʢʽʚ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚ ʨʦʟʜʽʣʽ Add Plot  ʧʨʠ ʨʦʟʢʨʠʪʦʤʫ 

ʩʧʠʩʢʫ More Plots . 

 
ʅʝ ʚʩʽ ʛʨʘʬʽʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid 2D . ʊʽ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʛʨʫʧʽ Line Plots , ʧʨʠʟʥʘʯʝʥʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʦʙʫʜʦʚ ʥʘ 

ʤʝʞʘʭ ʜʚʦʚʠʤʽʨʥʠʭ ʦʙʣʘʩʪʝʡ. ʏʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ 

ʚʝʢʪʦʨʥʠʭ ʧʦʣʽʚ ʽ ʜʝʷʢʠʭ çʦʩʦʙʣʠʚʠʭè ʛʨʘʬʽʢʽʚ. ɼʣʷ ʟʦʙʨʘʞʝʥʥʷ ʩʢʘʣʷʨʥʦʾ 

ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ʢʦʨʠʩʪʴ ʩʪʘʥʦʚʠʪʴ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ. 

  ɺ ʛ̔ʣʮʽ 2D Plot Group 2 ʩʪʚʦʨʽʪʴ ʛʨʘʬʽʯʥʠʡ ʚʫʟʦʣ ʪʠʧʫ Contour . ɼʣʷ ʮʴʦʛʦ 

ʥʘ ʟʘʢʣʘʜʮʽ 2D Plot  Group  2 ʚʠʢʦʥʘʡʪʝ ʦʜʥʦʡʤʝʥʥʫ ʢʦʤʘʥʜʫ ʽ ʟʘʜʘʡʪʝ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʘʬʽʢʘ  (ʥʘʛʘʜʘʻʤʦ, ʱʦ ʚʫʟʣʠ  Surface 1  ʽ  Line 1 ʜʝʘʢʪʠʚʦʚʘʥʦ). 

  2D Plot Group 2 - > Add Plot - Contour 

2D Plot Group 2 - Contour 1 : 
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   Data  ï Data set = From parent  

   Expression  ï Expression   = x^4+y^4  

ʈʝʰʪʫ ʧʦʣʽʚ ʥʘʣʘʰʪʫʡʪʝ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ. ɺʠʢʦʥʘʥʥʷ 

ʢʦʤʘʥʜʠ Plot ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʙʫʜʦʚʠ ʢʦʥʪʫʨʥʦʛʦ ʛʨʘʬʽʢʘ, ʟʦʙʨʘʞʝʥʦʛʦ  ʧʨʘʚʦʨʫʯ. 

 

 

 

ʋ ʚʫʟʦʣ Contour 1 ʤʦʞʥʘ ʜʦʜʘʪʠ ʚʫʟʣʠ, ʷʢʽ ʢʝʨʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷʤ ʢʦʥʪʫʨʥʠʭ 

ʣʽʥʽʡ. ʉʧʦʯʘʪʢʫ ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ Height Expression . 

2D Plot Group 1 ï Contour 1 : RMB > Height Expression 
ɺʠ ʦʪʨʠʤʘʻʪʝ ʟʦʙʨʘʞʝʥʥʷ ʢʦʥʪʫʨʥʠʭ ʣʽʥʽʡ ʫ ʚʠʛʣʷʜʽ ʧʦʚʝʨʭʥʽ (ʜʠʚ. ʥʘʩʪʫʧʥʠʡ 

ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ). 

  ɼʝʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Height Expression 1 ʽ ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ ʪʠʧʫ Color 

Expression .  

2D Plot Group 2 ï Contour 1 ï Height Expression 1 : RMB > Disable 

2D Plot Group 2 ï Contour 1 : RMB > Color Expression 
ɺʽʥ ʥʘʢʣʘʜʘʻ ʜʦʜʘʪʢʦʚʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʬʘʨʙʫʚʘʥʥʷ ʥʘ ʢʦʥʪʫʨʥʠʡ ʛʨʘʬʽʢ. ʅʦʚʝ 

ʟʘʙʘʨʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʚʠʨʘʟʫ, ʷʢʠʡ ʟʘʜʘʻʪʴʩʷ ʚ ʇɺ ʚʫʟʣʘ Color Expression 1 ʚ 

ʧʦʣ̔ Expression. ɺʚʝʜʽʪʴ ʚ ʮʴʦʤʫ ʧʦʣʽ ʚʠʨʘʟ  sqrt(abs(x̂ 2 - y^2)) .  

2D Plot Group 2 ï Contour 1 ï Color Expression 1 : 

   Expression ï Expression  = sqrt(abs(x^2 - ŷ 2))  

  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʚ ʮʝʥʪʨʽ)  
ɹʫʜʝ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʚʩʝʨʝʜʠʥʽ. 

ɿʘʙʘʨʚʣʝʥʥʷ ʣʽʥʽʡ, ʷʢʝ ʙʫʣʦ ʨʘʥʽʰʝ, ʽʛʥʦʨʫʻʪʴʩʷ, ʽ ʪʦʯʢʠ ʢʦʥʪʫʨʥʠʭ ʣʽʥʽʡ 

ʨʦʟʬʘʨʙʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ  

  ɼʝʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Color Expression 1  ʽ ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ Deformation . ɿ 

ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʪʦʯʢʠ ʙʘʟʦʚʦʛʦ ʛʨʘʬʽʢʘ ʟʤʽʩʪʠʪʠ ʚ ʧʣʦʱʠʥʽ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ, ʥʘ ʚʝʢʪʦʨ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʦʛʦ ʟʘʜʘʶʪʴʩʷ ʚ ʨʦʟʜʽʣʽ Expression .   

2D Plot Group 2 ï Contour 1 ï Color Expression 1 : RMB > Disable 

2D Plot Group 2 ï Contour 1 : RMB > Deformation 

2D Plot Group 2 ï Contour 1 ï Deformation 1 : 

   Expression ï x component  =  x^2 - ŷ 2  

   Expression ï y component  =- x̂ 2+ŷ 2  
  LMB > Plot        (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 
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ɺʫʟʦʣ ʪʠʧʫ Contour  ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ, ʟʘʜʘʥʦʾ 

ʥʝʷʚʥʠʤ ʨʽʚʥʷʥʥʷʤ. ɼʝʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ Contour 1 ʽ ʩʪʚʦʨʽʪʴ ʥʦʚʠʡ ʚʫʟʦʣ 

Contour 2.  

2D Plot Group 2 ï Contour 1 : RMB > Disable 
  2D Plot Group 2 - > Add Plot - Contour 

2D Plot Group 2 - Contour 2 : 

   Data  ï Data set = From parent  

   Expression ï Expression  = x̂ 2+5*ŷ 2 - 1 

   Levels ï Entry method  = Levels  

   Levels ï Levels  = 0 

ʅʘʣʘʰʪʫʡʪʝ ʚ ʨʦʟʜʽʣʽ Coloring and Style  ʪʠʧ, ʪʦʚʱʠʥʫ ʽ ʢʦʣʽʨ ʢʨʠʚʦʾ. 

ɺʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ Plot  ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʙʫʜʦʚʠ ʝʣʽʧʩʘ. 

 
ʊʫʪ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʫʟʣʘ Contour  2 ʚʽʜʧʦʚʽʜʘʣʠ ʛʨʘʬʽʢʫ ʥʝʷʚʥʦ ʟʘʜʘʥʦʾ ʢʨʠʚʦʾ 

015 22 =-+ yx . ʃʽʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ ʙʫʣʘ ʟʘʜʘʥʘ ʚ ʧʦʣʽ Expression , ʘ ʧʨʘʚʘ ï 

ʚ ʧʦʣʽ Levels. 

  ʂʦʥʪʫʨʥʽ ʣʽʥʽʾ ʩʘʤʽ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʜʣʷ ʽʥʰʠʭ 

ʛʨʘʬʽʢʽʚ.  
  Results - > Data Set - More Data Sets - > Contour 

Results - Data Sets ï Contour 1 : 

   Data  ï Data set =  Grid 2D 2  

   Expression ï Expression  = x̂ 2+y^2  

   Levels  ï Entry method =  Number of levels  

   Levels  ï Total levels =  10 
  LMB > Plot        (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 
ɼʝʘʢʪʠʚʫʡʪʝ ʧʦʪʦʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ 2D Plot Group 2 ʽ ʜʦʜʘʡʪʝ 

Line  ʛʨʘʬ̔ʢ, ʜʞʝʨʝʣʦʤ ʜʘʥʠʭ ʷʢʦʛʦ ʙʫʜʝ ʩʪʚʦʨʝʥʠʡ Contour 1. 

2D Plot Group 2 ï Contour 2 : RMB > Disable 
  2D Plot Group 2 - > Add Plot - Line 

2D Plot Group 2 - Line 2 : 
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   Data  ï Data set = Contour 1  

   Expression ï Expression  = x̂ 2 - y^2  

   Coloring and Style  ï Line type  =Tube 

   Coloring and Style  ï Tube radius expression  =0.0 3 

   Coloring and Style  ï Radius scale factor  =True,1  

2D Plot Group 2 ï Line 2 : RMB > Height Expression 

Line 2 ï Height Expression 1 : Axis ï Scale  factor = True, 1   (ʜʚʘ ʧʦʣʷ) 

  LMB > Plot        (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

 
 

ʊʫʪ ʥʘʜ ʣʽʥʽʷʤʠ, ʧʦʙʫʜʦʚʘʥʠʤʠ ʫ ʚʫʟʣʽ ɼɼ Contour 1, ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ʚʠʨʘʟʫ, 

ʟʘʜʘʥʦʛʦ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʫʟʣʽ Line 2.  

  ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ, ʧʦʯʘʚʰʠ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ Grid .  

  Results - > Data Set - More Data Sets - > Grid 3D 

Results - Data Sets - Grid 3D 3 : 

   Data ï Source, Function = Function , All          (ʜʚʘ ʧʦʣʷ) 

   Paramemter Bounds ï  

    ï First parameter  ï Minimum, Maximum = - 1,1     (ʜʚʘ ʧʦʣʷ) 

    ï Second parameter  ï Minimum, Maximum = - 1,1    (ʜʚʘ ʧʦʣʷ) 

    ï Third parameter  ï Minimum, Maximum = - 1,1    (ʜʚʘ ʧʦʣʷ) 

ɺ ʨʦʟʜʽʣʽ Resolution  ʚʢʘʟʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʢʫʙʽʯʥʦʾ 

ʦʙʣʘʩʪʽ; ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʚ ʧʦʣʷʭ x resolution , y resolution  ʽ 

z resolution  ʟʘʣʠʰʪʝ ʟʥʘʯʝʥʥʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 30. 

ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot ʽ ʦʪʨʠʤʘʡʪʝ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 

 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid 3D , ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʢʽʣʴʢʘ ʨʽʟʥʠʭ 

ʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ. 

  ʉʪʚʦʨʽʪʴ ʛʨʫʧʫ ʪʨʠʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ, ʽ ʚ ʥʽʡ Surface  ʚʫʟʦʣ. ʋ 3D ʚʠʧʘʜʢʫ 

ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 
  Results - > Plot Group - 3D Plot Group 

3D Plot Group 3 : Data  ï Data set = Grid 3D 3 
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  RMB > Surface 
3D Plot Group 3 - Surface 1 : 

   Data  ï Data set = From parent  

   Expression ï Expression  = x̂ 2+y^2+z^2   

ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot, ʽ ʦʪʨʠʤʘʡʪʝ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʨʘʟʫ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʫʙʘ, ʷʢʝ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ 

ʨʠʩʫʥʢʫ ʣʽʚʦʨʫʯ. ɿʘʙʘʨʚʣʝʥʥʷ ʢʫʙʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʚʝʜʝʥʦʛʦ 

ʚʠʨʘʟʫ ʚ ʪʦʯʢʘʭ ʡʦʛʦ ʛʨʘʥʝʡ. 

    
ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʜʚʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʫʟʦʣ Surface 1 ʤʦʞʝ ʤʽʩʪʠʪʠ ʧʽʜʚʫʟʦʣ 

Deformation .  

3D Plot Group 3 ï Surface 1 : RMB > Deformation 

3D Plot Group 3 ï Surface 1 ï Deformation 1 : 

ɺ ʨʦʟʜʽʣʽ Expression  ʚʚʦʜʷʪʴʩʷ ʚʠʨʘʟʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʤʧʦʥʝʥʪʠ 

ʚʝʢʪʦʨʘ ʟʩʫʚʫ ʪʦʯʦʢ ʛʨʘʬʽʢʘ. 

   Expression ï x component =5*x/sqrt(x^2+ŷ 2+ẑ 2)  

         ï y component =5*y/sqrt(x^2+y^2+ẑ 2)  

         ï z component =5*z/sqrt(x^2+y^2+ẑ 2)  

ɺ ʨʦʟʜʽʣʽ Scale , ʷʢʱʦ ʚʢʣʶʯʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʘʧʦʨʝʮʴ, ʚ ʧʦʣ ̔ Scale 
factor  ʟʘʜʘʻʪʴʩʷ ʤʘʩʰʪʘʙʥʠʡ ʤʥʦʞʥʠʢ ʜʣʷ ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ.  

   Scale ï Scale  factor = True, 1        (ʜʚʘ ʧʦʣʷ) 
  LMB > Plot            (ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

ɻʨʘʬʽʯʥʠʡ ʚʫʟʦʣ Surface  ʛʽʣʢʠ 3D Plot  Group  ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʪʠʧʫ Grid 2D . ʇʝʨʝʚʽʨʠʤʦ ʮʝ. 

  ʉʪʚʦʨʽʪʴ ʥʦʚʠʡ ʚʫʟʦʣ 3D Plot Group 4 ʽ ʚ ʥʴʦʤʫ ʧʽʜʚʫʟʦʣ Surface 1.  

  Results - > Plot Group - 3D Plot Group 

3D Plot Group 4 :  

   Plot Settings  ï Plot data set edges = false  

  RMB > Surface 
3D Plot Group 4 - Surface 1 : 

   Data  ï Data set = Grid 2D 2  

   Expression ï Expression  = 0   

ʊʦʙʪʦ ʤʠ, ʥʘʯʝʙʪʦ, ʟʙʠʨʘʻʤʦʩʷ ʟʦʙʨʘʟʠʪʠ ʧʣʦʱʠʥʫ z=0. ɺʫʟʣʫ Surface 1 

ʜʦʜʘʡʪʝ ʧʽʜʚʫʟʦʣ Deformation 1. ɿ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʟʘʜʘʪʠ ʚʝʢʪʦʨ 

(ʚʝʢʪʦʨʥʝ ʧʦʣʝ) ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʙʘʟʦʚʦʾ ʧʦʚʝʨʭʥʽ.  

3D Plot Group 4 ï Surface 1 : RMB > Deformation 

3D Plot Group 4 ï Surface 1 ï Deformation 1 : 
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ɺ ʨʦʟʜʽʣʽ Expression  ʚʚʦʜʷʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ ʟʤʽʱʝʥʥʷ. 

   Expression ï x component =0 

         ï y component =0 

         ï z component = x̂ 2+ŷ 2  

   Scale ï Scale  factor = True, 1        (ʜʚʘ ʧʦʣʷ) 
  LMB > Plot                 (ʛʨʘʬʽʢ ʧʘʨʘʙʦʣʦʾʜʘ) 

 
ɼʝʬʦʨʤʫʚʘʪʠ ʥʝʦʙʦʚ'ʷʟʢʦʚʦ ʧʣʦʱʠʥʫ z=0. ɺ ʧʦʣ ̔Expression  ʚʫʟʣʘ Surface 1 

ʤʦʞʥʘ ʚʚʝʩʪʠ ʙʫʜʴ-ʷʢʠʡ ʚʠʨʘʟ ʜʚʦʭ ʟʤʽʥʥʠʭ x ʽ y. ɼʦ ʨʝʯʽ, ʽʤʝʥʘ ʟʤʽʥʥʠʭ x ʽ y 

ʚʠʟʥʘʯʝʥʽ ʚ ʧʦʣʷʭ Name  ʨʦʟʜʽʣʫ Parameter Bounds  ʚʫʟʣʘ Grid  2D 2. ɺ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʘʭ ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʮʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ, ʚ 

ʷʢʦʩʪʽ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʚʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʮʽ ʽʤʝʥʘ. 

ɸʥʘʣʦʛʽʯʥʦ, ʫ ʚʫʟʣʘʭ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid 3D 3, ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʤʝʥʘ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ, ʚʠʟʥʘʯʝʥʠʭ ʚ ʡʦʛʦ ʇɺ. 

  ʇʨʦʜʦʚʞʠʤʦ ʨʦʙʦʪʫ ʟ ʚʫʟʣʘʤʠ 3D Plot Group . ʉʪʚʦʨʽʪʴ ʥʦʚʫ ʪʨʠʚʠʤʽʨʥʫ 

ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʟ ʧʽʜʚʫʟʣʦʤ ʪʠʧʫ Contour . ʋ ʪʨʠʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ 

ʣʽʥʽʡ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ. 
  Results - > Plot Group - 3D Plot Group 

3D Plot Group 5 : RMB > Contour 

3D Plot Group 5 - Contour 1 : 

   Data  ï Data set = From parent  

   Expression ï Expression  = x̂ 2+y^2+z^2    

   Levels ï Entry method  = Levels  

   Levels ï Levels  = 1 1.025 1.05 1.075 range(1.1,0.1,3)  

ʉʧʠʩʦʢ, ʟʘʜʘʥʠʡ ʚ ʧʦʣʽ Levels, ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʚʠʤ ʯʘʩʪʠʥʘʤ ʨʽʚʥʷʥʥʷ 

Czyx =++ 222
. ʉʪʘʣʘ C ʧʦ ʯʝʨʟʽ ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ ʟ ʮʴʦʛʦ ʩʧʠʩʢʫ, ʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʜʫʻʪʴʩʷ ʢʨʠʚʘ ʥʘ ʧʦʚʝʨʭʥʽ ɼɼ.  

ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot ʽ ʦʪʨʠʤʘʡʪʝ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ 
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ʉʪʚʦʨʽʪʴ ʥʦʚʫ ʪʨʠʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ  ʟ ʧʽʜʚʫʟʣʦʤ ʪʠʧʫ Slice . ɺʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʦʩʢʠʭ ʰʘʨʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʩʝʨʝʜʠʥʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 
  Results - > Plot Group - 3D Plot Group 

3D Plot Group 6 : RMB > Slice 

3D Plot Group 6 - Slice 1 : 

   Data  ï Data set = From parent  

   Expression ï Expression  = x̂ 2+y^2+z^2    

ʈʦʟʜʽʣ Plane Data  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʰʘʨʘʤʠ. ɿʘʧʦʚʥʽʪʴ 

ʡʦʛʦ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʣʽʚʦʨʫʯ. ɺʠʙʽʨ ʟʥʘʯʝʥʥʷ 

yz - planes  ʚ ʩʧʠʩʢʫ Plane  ʚʠʟʥʘʯʘʻ ʦʨʽʻʥʪʘʮʽʶ ʰʘʨʽʚ: ʚʦʥʠ ʙʫʜʫʪʴ 

ʧʘʨʘʣʝʣʴʥʽ ʧʣʦʱʠʥʽ yz . 

 ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot ʽ ʦʪʨʠʤʘʡʪʝ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ. 

 

 
ʉʪʚʦʨʽʪʴ ʥʦʚʫ ʪʨʠʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ  ʟ ʧʽʜʚʫʟʣʦʤ ʪʠʧʫ Multislice . ɺʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʙʘʨʚʣʝʥʥʷ ʪʨʴʦʭ ʩʽʤʝʡ ʧʣʦʩʢʠʭ ʰʘʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʤʝʞʘʭ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʜʘʥʠʭ. 
  Results - > Plot Group - 3D Plot Group 

3D Plot Group 7 : RMB > More Plots - Multislice 

3D Plot Group 7 - Multislice 1 : 

   Expression ï Expression  = x̂ 2+y^2+z^2    

ʈʦʟʜʽʣ  Multiplane Data   ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʰʘʨʘʤʠ. 

ɿʘʧʦʚʥʽʪʴ ʡʦʛʦ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩʫʥʢʫ ʣʽʚʦʨʫʯ.  

ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot ʽ ʦʪʨʠʤʘʡʪʝ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ. 

 

 

ʉʪʚʦʨʽʪʴ ʥʦʚʫ ʪʨʠʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ  ʟ ʚʫʟʣʦʤ Isosurface . ɺʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ 
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( ) ConstzyxF =,,   ʬʫʥʢʮʽʾ ʪʨʴʦʭ ʟʤʽʥʥʠʭ. ɺ ʇɺ ʪʘʢʦʛʦ ʚʫʟʣʘ ʚ ʧʦʣʽ Expression  

ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟ ( )zyxF ,, , ʘ  ʚ ʨʦʟʜʽʣʽ Levels  ʚʚʦʜʷʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ, ʷʢʠʤ 

ʚʽʥ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ. ʗʢʱʦ ʚʚʝʩʪʠ ʦʜʥʝ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 1, ʪʦ ʙʫʜʝ 

ʧʦʙʫʜʦʚʘʥʘ ʧʦʚʝʨʭʥʷ ʟʘ ʨʽʚʥʷʥʥʷʤ ( )1,, =zyxF .  

  Results - > Plot Group - 3D Plot Group 

3D Plot Group 8 : RMB > Isosurface 

3D Plot Group 8 - Isosurface 1 : 

   Expression ï Expression  = x̂ 2+y^2+z^2  

    Levels ï Entry method  = Levels  

   Levels ï Levels  = 1  

  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

ʗʢʱʦ ʚ ʧʦʣ ̔Levels ʚʚʝʩʪʠ ʢʽʣʴʢʘ ʟʥʘʯʝʥʴ, ʥʘʧʨʠʢʣʘʜ, 0.9,1.2,1.5 , ʪʦ ʙʫʜʝ 

ʧʦʙʫʜʦʚʘʥʦ ʢʽʣʴʢʘ ʧʦʚʝʨʭʦʥʴ ʨʽʚʥʷ. 

   Levels  ï Levels  = 0.9,1.2,1.5   

  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

 
 

ʇʦʟʥʘʡʦʤʠʤʦʩʷ ʟ ʛʨʘʬʽʢʦʤ ʪʠʧʫ Scatter  Volume  (ʛʨʘʬʽʢ ʨʦʟʩʽʶʚʘʥʥʷ). ɺʽʥ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʪʦʯʦʢ (ʘʙʦ ʥʝʚʝʣʠʢʠʭ ʢʫʣʴʦʢ), ʨʦʟʩʽʷʥʠʭ ʚ ʦʙʣʘʩʪʽ 

ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʽ ʨʦʟʬʘʨʙʦʚʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʟʥʘʯʝʥʥʷʤ ʩʢʘʣʷʨʥʦʾ ʬʫʥʢʮʽʾ 

ʪʨʴʦʭ ʟʤʽʥʥʠʭ.  

  ʉʪʚʦʨʽʪʴ ʥʦʚʫ ʪʨʠʚʠʤʽʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʟ ʚʫʟʣʦʤ ʪʠʧʫ Scatter Volume . 

  Results - > Plot Group - 3D Plot Group 

3D Plot Group 9 : RMB > More Plots - Scatter Volume 

3D Plot Group 9 - Scatter Volume 1 : 

   Expression ï x component =x 

         ï y component =y 

         ï z component =z 

   Evaluation Points ï x grid points - points =10 

              ï y grid points - points =10 

              ï z grid points - points =10 

ʇʦʣʷ ʨʦʟʜʽʣʫ Expression  ʚʠʟʥʘʯʘʶʪʴ ʚʠʨʘʟʠ, ʚ ʥʘʧʨʷʤʢʫ ʷʢʠʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷ ʪʦʯʦʢ. ɿʘʟʚʠʯʘʡ ʮʝ x, y, z, ʘʣʝ ʤʦʞʫʪʴ ʙʫʪʠ ʽ 

ʽʥʰʽ ʚʠʨʘʟʠ. ɿʛʘʜʘʡʪʝ, ʱʦ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid  3D 3, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʫʟʣʦʤ 3D Plot Group 10, ʷʚʣʷʻ ʢʫʙ 

[ ][ ][ ]1,11,11,1 -³-³- . ʊʦʜʽ x-ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʩʽʷʥʠʭ ʪʦʯʦʢ ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʘʪʠʩʷ ʜʝʩʷʪʴʤʘ ʟʥʘʯʝʥʥʷʤʠ ʚʠʨʘʟʫ, ʷʢʠʡ ʚʚʝʜʝʥʦ ʚ ʧʦʣ ̔
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x componen t. ʊʝ ʞ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʜʚʦʭ ʽʥʰʠʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʪʦʯʢʠ ʙʫʜʫʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʢʫʙʫ. 

ɺ ʨʦʟʜʽʣʽ Radius  ʚ ʧʦʣʽ Expression  ʤʦʞʥʘ ʚʚʝʩʪʠ ʬʫʥʢʮʽʶ, ʷʢʘ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠ ʨʘʜʽʫʩʠ ʢʫʣʴʦʢ-ʪʦʯʦʢ. 

   Radius ï Expression  =1  

   Radius ï Radius scale factor = True, 0.03        (ʜʚʘ ʧʦʣʷ) 

ɺʚʝʜʝʥʥʷ ʚ ʧʦʣʽ  Radius ï Expression  ʦʜʠʥʠʮʽ ʢʘʞʝ ʧʨʦ ʪʝ, ʱʦ ʨʘʜʽʫʩʠ 

ʢʫʣʴʦʢ ʙʫʜʫʪʴ ʥʝʟʤʽʥʥʠʤʠ. 

ʇʦʣʝ Color  ï Expression  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʬʘʨʙʫʚʘʥʥʽ ʢʫʣʴʦʢ-

ʪʦʯʦʢ. 

   Color ï Expression  = x^2+y^2+ẑ 2  

ɺʠʢʦʥʘʡʪʝ ʢʦʤʘʥʜʫ Plot  ʽ ʦʪʨʠʤʘʡʪʝ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ. 

 
ɼʝʘʢʪʠʚʫʡʪʝ ʚʫʟʦʣ 3D Plot Group 10 - Scatter Volume 1 ʽ ʜʦʜʘʡʪʝ ʽʥʰʠʡ 

ʧ̔ ʜʚʫʟʦʣ ʪʠʧʫ Scatter Volume .  

3D Plot Group 9 - Scatter Volume 1 : RMB > Disable 
  3D Plot Group 9 - > Add Plot - More Plots - Scatter Volume 

3D Plot Group 9 - Scatter Volume 2 : 

   Data  ï Data set = From parent  

   Expression ï x component =x  

         ï y component =y  

         ï z component = sqrt((x^2+y^2<1)*(1 - x̂ 2 - y^2))  

   Evaluation Points ï x grid points - points =30 

              ï y grid points - points =30 

              ï z grid points - points =1 

   Radius ï Expression  =1  

       ï Radius scale factor = True, 0.03         (ʜʚʘ ʧʦʣʷ) 

   Color ï Expression  =1 

   Coloring and Style ï Coloring , Color  = Uniform,Blue  (ʜʚʘ ʧʦʣʷ) 
  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʣʽʚʦʨʫʯ) 

ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʟʥʘʯʝʥʥʷ ʚ ʧʦʣʽ Evaluation  Points  ï z grid  points  
ɀ points  ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʦʙʨʘʞʝʥʥʷ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʮʝ ʯʠʩʣʦ ʟʘʜʘʻ 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ ʜʽʘʧʘʟʦʥʫ ʟʤʽʥʠ z ʢʦʦʨʜʠʥʘʪʠ ʚ ʚʠʨʘʟʽ Expression  ï 
z component , ʷʢʠʡ ʚ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ z. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚ 

ʮʴʦʤʫ ʧʦʣʽ ʜʦ ʚʠʨʘʟʫ ʜʦʜʘʪʠ ʤʥʦʞʥʠʢ 1+z, ʪʦ ʚʧʣʠʚ ʟôʷʚʠʪʴʩʷ. ɺʥʝʩʽʪʴ ʚ ʇɺ 

ʚʫʟʣʘ Scatter Volume 2 ʥʘʩʪʫʧʥʽ ʟʤʽʥʠ. 

   Expression  ï z component  =  
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             sqrt (( x^2+y^2<1)*(1 - x^2- y^2))*(1+ z)  

   Evaluation Points ï z grid points - points =3 
  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

  
ɿʘʫʚʘʞʝʥʥʷ. ɸʥʘʣʦʛʽʯʥʦ ʟʘʩʪʦʩʦʚʫʪʁʴʩʷ Scatter Surface  ʛʨʘʬʽʢʠ, ʷʢ ̔

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʚ ʜʚʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʯʥʠʭ ʛʨʫʧʘʭ. 

ƴ 

ɿʘʫʚʘʞʝʥʥʷ. ʉʢʦʨʽʰ ʟʘ ʚʩʝ ʥʘ ʚʘʰʦʤʫ ʢʦʤʧôʶʪʝʨʽ ʢʦʣʽʨ ʬʦʥʫ ʪʨʠʚʠʤʽʨʥʠʭ 

ʛʨʘʬʽʢʽʚ ʙʫʜʝ ʙʣʘʢʠʪʥʠʡ, ʘ ʥʝ ʙʽʣʠʡ, ʷʢ ʫ ʥʘʩ. ʎʝʡ ʢʦʣʽʨ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷʤʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʩʠʩʪʝʤʠ Dcs.canvascolor , ʷʢʠʡ 

ʜʦʨʽʚʥʶʻ  255,255,120,255,255,204 . ʊʫʪ ʧʝʨʰʽ ʪʨʠ ʯʠʩʣʘ ʚʠʟʥʘʯʘʶʪʴ RGB 

ʢʦʣʽʨ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʛʨʘʬʽʯʥʦʛʦ ʧʦʣʦʪʥʘ, ʘ ʦʩʪʘʥʥʽ ʪʨʠ ʯʠʩʣʘ ʟʘʜʘʶʪʴ ʢʦʣʽʨ 

ʡʦʛʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ. ʑʦʙ ʧʦʣʦʪʥʦ ʙʫʣʦ ʙʽʣʠʤ, ʚʩʽ ʰʽʩʪʴ ʯʠʩʝʣ ʩʣʽʜ ʟʘʜʘʪʠ 

ʨʽʚʥʠʤʠ 255. ɼʣʷ ʮʴʦʛʦ ʥʘ ʨʦʙʦʯʦʤʫ ʩʪʦʣʽ Windows ʚʽʜʢʨʠʡʪʝ ʚʽʢʥʦ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʨʣʠʢʘ COMSOL Multiphysics ʽ ʥʘ ʟʘʢʣʘʜʮʽ ʗʨʣʠʢ ʚʽʜʨʝʜʘʛʫʡʪʝ ʚ 

ʧʦʣʽ ʆʙ'ʻʢʪ ʢʦʤʘʥʜʥʠʡ ʨʷʜʦʢ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ (ʙʝʟ ʧʝʨʝʥʝʩʝʥʥʷ ʨʷʜʢʘ): 

" C: \ Program  Files \ COMSOL\ COMSOL51\ Multiphysics \ bin \ win 64\ comsol .  

exe" - Dcs. canvascolor =255,255,255,255,255,255 . ʇʨʠ ʥʘʩʪʫʧʥʦʤʫ 

ʟʘʧʫʩʢʫ COMSOL Multiphysics ʬʦʥ ʛʨʘʬʽʢʽʚ ʙʫʜʝ ʙʽʣʠʤ. 

ʇʦʣʷʨʥʦ  ʁʩʠʩʪʝʤʦ  ʁʢʦʦʨʜʠʥʘʪ ʥʘʟʠʚʘʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʚ 

ʷʢʽʡ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʧʣʦʱʠʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʯʠʩʣʘʤʠ - ʧʦʣʷʨʥʠʤ 

ʢʫʪʦʤ q ʽ ʧʦʣʷʨʥʠʤ ʨʘʜʽʫʩʦʤ r. ʈʽʚʥʷʥʥʷ ʢʨʠʚʠʭ ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ()qrr = .  

  ɺ COMSOL ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʣʷʨʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Polar 

Plot ʛʨʘʬʽʯʥʘ ʛʨʫʧʘ, ʚ ʷʢʫ ʟʚʠʯʘʡʥʠʤ ʯʠʥʦʤ ʜʦʜʘʶʪʴʩʷ ʚʫʟʣʠ ʣʽʥʽʡʥʠʭ 

ʛʨʘʬʽʢʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʛʨʫʧʠ ʻ ʪʝ, ʱʦ ʮʝʥʪʨʘʣʴʥʘ ʪʦʯʢʘ ʧʦʣʷʨʥʦʛʦ ʛʨʘʬʽʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ ʨʘʜʽʫʩʘ (ʷʢʝ ʦʙʯʠʩʣʶʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ). 

ɿʦʢʨʝʤʘ ʧʨʠʧʫʩʪʠʤʽ ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ, ʪʦʜʽ ʥʫʣʴʦʚʦʤʫ ʨʘʜʽʫʩʫ ʤʦʞʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʢʦʣʦ ʚʩʝʨʝʜʠʥʽ ʛʨʘʬʽʯʥʦʾ ʟʦʥʠ. ʅʘʚʧʘʢʠ, ʮʝʥʪʨʘʣʴʥʘ ʪʦʯʢʘ ʛʨʘʬʽʢʘ 

ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʜʦʜʘʪʥʦʤʫ ʟʥʘʯʝʥʥʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʘʜʽʫʩʘ. ʗʢʱʦ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʥʝ ʥʫʣʴ, ʪʦ ʛʨʘʬʽʢ ʤʦʞʝ ʚʚʝʩʪʠ ʚʘʩ ʚ ʦʤʘʥʫ. ʇʦʷʩʥʠʤʦ ʮʝ ʥʘ 

ʧʨʠʢʣʘʜʘʭ. 

ʇʨʠʢʣʘʜ 2. ɻʨʘʬʽʢ ʢʨʠʚʦʾ ()qrr =  ʚ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

  ʉʪʚʦʨʽʪʴ ʰʘʙʣʦʥ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ Blank Model .  

  File - > New - > Blank Model 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʨʝʰʽʪʢʘʤʠ, ʪʦʙʪʦ ʟ ɼɼ Grid , ʟʥʘʜʦʙʠʪʴʩʷ ʬʫʥʢʮʽʷ-ʟʘʛʣʫʰʢʘ. 

ʉʪʚʦʨʽʪʴ ʾʾ. 



190 

 

  Home - > Definitions ï Functions - > Global -  Analytic 

             Function name = f  

   Definition ï Expression, Arguments = 1, theta       (ʜʚʘ ʧʦʣʷ) 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʦʣʷʨʥʦʤʫ ʛʨʘʬʽʢʫ ʥʝʟʘʣʝʞʥʦʛʦ ʘʨʛʫʤʝʥʪʫ q ʟʥʘʜʦʙʠʪʴʩʷ 

ʦʜʥʦʚʠʤʽʨʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Grid  1D. ʉʪʚʦʨʽʪʴ ʡʦʛʦ. 

  Results - > Data Set - More Data Sets - > Grid 1D 

Data Sets - Grid 1D :  

   Data ï Source, Function   = Function ,  All         (ʜʚʘ ʧʦʣʷ) 

   Paramemter Bounds ï Name = theta        (ʽʤôʷ ʧʦʣʷʨʥʦʾ ʟʤʽʥʥʦʾ) 

   Paramemter Bounds ï Minimum, Maximum = 0, 2*pi    (ʜʚʘ ʧʦʣʷ) 

ʉʪʚʦʨʽʪʴ Polar Plot ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʽ ʚ ʥʽʡ ʚʫʟʦʣ Line Graph  ʣʽʥʽʡʥʦʛʦ 

ʛʨʘʬʽʢʘ. 
  Results - > Plot Group - Polar Plot Group 

Polar Plot Group 1:  

   Data Set ï Data  = Grid 1D 1  

  RMB > Line Graph 
Polar Plot Group 1 - Line Graph 1: 

   r - Axis Data ï Expression = cos(theta)  

   q- Angle Data ï Parameter  = Expression  

   q- Angle Data ï Expression = theta  

ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʪʦʚʱʠʥʫ ʣʽʥʽʾ. 

  LMB > Plot     (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

 

 
ʄʠ ʟʚʠʢʣʠ, ʱʦ ʨʽʚʥʷʥʥʷ qcos=r  ʚ ʧʦʣʷʨʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʨʝʧʨʝʟʝʥʪʫʻ 

ʢʦʣʦ (ʟʩʫʥʫʪʝ ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʦʣʶʩʘ). ʗʢʱʦ ʧʨʠʜʠʚʠʪʠʩʷ ʜʦ ʛʨʘʬʽʢʘ, ʪʦ 

ʧʦʙʘʯʠʤʦ, ʱʦ ʚʩʝʨʝʜʠʥʽ ʟ ʧʦʟʥʘʯʢʦʶ 0 ʥʘʤʘʣʴʦʚʘʥʦ ʢʦʣʦ. ɺʦʥʦ ʨʦʟʜʽʣʷʻ ʟʦʥʠ 

ʚʽʜôʻʤʥʠʭ ʽ ʜʦʜʘʪʥʠʭ ʟʥʘʯʝʥʴ ʨʘʜʽʫʩʘ  r. ɼʽʡʩʥʦ, ʚ ʨʦʟʜʽʣʽ Axis  ʚʫʟʣʘ ʛʨʘʬʽʯʥʦʾ 

ʛʨʫʧʠ Polar Plot Group 1 ʚʢʘʟʘʥʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ - 1 (ʧʦʧʝʨʝʜʥʽʡ ʨʠʩʫʥʦʢ 

ʣʽʚʦʨʫʯ). ʉʘʤʝ ʚʦʥʦ ʚʽʜʧʦʚʽʜʘʻ ʮʝʥʪʨʘʣʴʥʽʡ ʪʦʯʮʽ ʛʨʘʬʽʢʠ. 

  ʗʢʱʦ ʚʽʜʢʠʥʫʪʠ ʪʦʯʢʠ ʛʨʘʬʽʢʘ ʟ ʚʽʜôʻʤʥʠʤʠ ʧʦʣʷʨʥʠʤʠ ʨʘʜʽʫʩʘʤʠ, ʪʦ 

ʚʠʡʜʝ ʟʚʠʯʘʡʥʠʡ ʧʦʣʷʨʥʠʡ ʛʨʘʬʽʢ ʢʨʠʚʦʾ qcos=r  (ʢʦʣʦ). ɼʣʷ ʮʴʦʛʦ ʚ ʧʦʣʽ 

Axis  ɀ r minimum  ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʥʫʣʴ. 

Polar Plot Group 1:  

   Axis  ɀ Manual axis limits =True  

   Axis  ɀ r minimum =0  

  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 
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ɿʘ ʚʢʘʟʘʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʪʨʽʙʥʦ ʩʪʝʞʠʪʠ, ʽʥʘʢʰʝ ʽ ʛʨʘʬʽʢʠ ʟ ʧʦʟʠʪʠʚʥʠʤʠ 

ʧʦʣʷʨʥʠʤʠ ʨʘʜʽʫʩʘʤʠ ʧʨʠʚʦʜʠʪʠʤʫʪʴ ʜʦ ʥʝʧʦʨʦʟʫʤʽʥʥʷ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ 

ʧʦʙʫʜʫʻʤʦ ʚ ʥʦʚʽʡ ʧʦʣʷʨʥʽʡ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ ʛʨʘʬʽʢ ʢʨʠʚʦʾ ( )10/10cos1 q+=r . 

  Results - > Plot Group - Polar Plot Group 

Polar Plot Group 2 : Data Set ï Data  = Grid 1D 1  

  RMB > Line Graph 
Polar Plot Group 2 - Line Graph 1: 

   r - Axis Data ï Expression = 1+cos(10*theta)/10  

   q- Angle Data ï Parameter = Expression  

   q- Angle Data ï Expression = theta  

ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʪʦʚʱʠʥʫ ʣʽʥʽʾ. 
  LMB > Plot     (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 

ʃʽʚʦʨʫʯ ʛʨʘʬʽʢʘ ʧʦʢʘʟʘʥʦ ʨʦʟʜʽʣ Axis  ʇɺ ʚʫʟʣʘ Polar Plot Group 2. ɿ ʥʴʦʛʦ 

ʟʨʦʟʫʤʽʣʦ, ʱʦ ʮʝʥʪʨʘʣʴʥʽʡ ʪʦʯʮʽ ʛʨʘʬʽʢʘ ʚʽʜʧʦʚʽʜʘʻ 9.0=r . 

 

 
ʑʦʙ ʧʦʙʘʯʠʪʠ ʧʨʘʚʠʣʴʥʠʡ ʛʨʘʬʽʢ ʧʦʪʨʽʙʥʦ ʚ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ ʚ ʧʦʣʽ Axis  ɀ 
r minimum  ʚʩʪʘʥʦʚʠʪʠ ʥʫʣʴ. ɼʣʷ çʢʨʘʩʠè ʤʠ ʱʝ ʟʤʽʥʠʤʦ ʽ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ. 

Polar Plot Group 2:  

   Axis  ɀ Manual axis limits =True  

   Axis  ɀ r minimum , r  maximum =0,1.3       (ʜʚʘ ʧʦʣʷ)  

  LMB > Plot      (ʥʘʩʪʫʧʥʠʡ ʨʠʩʫʥʦʢ ʧʨʘʚʦʨʫʯ) 
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ʄʘʡʪʝ ʥʘ ʫʚʘʟʽ, ʱʦ ʢʣʘʮʥʫʚʰʠ ʧʦ ʢʥʦʧʮʽ Zoom Extents , ʚʠ ʟʨʫʡʥʫʻʪʝ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʨʦʟʜʽʣʽ Axis . 

  ʇʦʜʠʚʠʤʦʩʷ, ʷʢ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ Point Graph   ʛʨʘʬʽʢ ʚ ʧʦʣʷʨʥʽʡ ʛʨʫʧʽ. ɼʣʷ 

ʥʴʦʛʦ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ. ʉʪʚʦʨʽʪʴ 

ʡʦʛʦ. 
  Results - > Data Set - More Data Sets - > Cut Point 1D 

Data Sets  - Cut Point 1D 1:  

   Data Set ï Data  = Grid 1D 1  

   Point Data ï Entry method  = Coordanates  

   Point Data ï x = range(0,pi/4,2*pi)  

ʊʝʧʝʨ ʧʦʙʫʜʫʡʪʝ  Point Graph   ʛʨʘʬʽʢ ʚ ʽʩʥʫʶʯʽʡ ʛʨʫʧʽ Polar Plot Group 2 ʽ 

ʥʘʣʘʰʪʫʡʪʝ ʡʦʛʦ ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ Line Graph  ʛʨʘʬʽʢʘ, ʦʙʨʘʚʰʠ ʚ 

ʷʢʦʩʪʽ ɼɼ ʪʦʯʢʦʚʝ ʜʞʝʨʝʣʦ Cut Point 1D 1.  

Polar Plot Group 2: RMB > Point Graph 

Polar Plot Group 2 - Point Graph 1: 

   Data Set ï Data  = Cut Point 1D 1  

   r - Axis Data ï Expression = 1+cos(10*theta)/10  

   q- Angle Data ï Parameter  = Expression  

   q- Angle Data ï Expression = theta  

ɺ ʨʦʟʜʽʣʽ Coloring and Style  ʟʘʜʘʡʪʝ ʩʪʠʣʴ, ʢʦʣʽʨ ʽ ʨʦʟʤʽʨ ʪʦʯʦʢ. 

  LMB > Plot  

 
ʊʫʪ ʚʠʨʘʟ 1+cos(10*theta)/10  ʦʙʯʠʩʣʶʻʪʴʩʷ ʚ ʪʦʯʢʘʭ ɼɼ Cut Point 1D 1, ʯʠʾ 

ʢʦʦʨʜʠʥʘʪʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʦʣʷʨʥʽ ʢʫʪʠ. 

  ʗʢʱʦ ʚ ʮʶ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʜʦʜʘʪʠ ʛʨʘʬʽʯʥʠʡ ʚʫʟʦʣ Global , ʪʦ ʤʦʞʥʘ 

ʧʦʙʫʜʫʚʘʪʠ ʱʝ ʢʽʣʴʢʘ ʪʦʯʦʢ ʧʦ ʾʭ ʧʦʣʷʨʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. ʅʘʛʘʜʘʻʤʦ, ʱʦ 

Global   ʚʫʟʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʙʫʜʦʚ ʛʨʘʬʽʢʽʚ ʚʠʨʘʟʽʚ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ 

ʘʙʦ ʷʢʦʛʦʩʴ ʽʥʰʦʛʦ ʥʝʧʨʦʩʪʦʨʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʜʝʣʽ. ʂʦʣʠ ʚ ʷʢʦʩʪʽ ʚʠʨʘʟʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʣʽ ʟʥʘʯʝʥʥʷ, ʪʦ ʚʦʥʠ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʷʢ ʢʦʦʨʜʠʥʘʪʠ 

ʪʦʯʦʢ. 
  Polar Plot Group 2 - > Add Plot -  Global 

Polar Plot Group 2 - Global 1: 

   r - Axis Data ï Expression = 0.5        (ʚʚʝʜʝʥʥʷ ʚ ʪʘʙʣʠʮʽ) 

   q- Angle Data ï Parameter, Expression =Expression,pi/ 6  (ʜʚʘ ʧʦʣʷ) 

  LMB > Plot 
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ʅʘ ʮʴʦʤʫ ʛʨʘʬʽʢʫ ʚʥʫʪʨʽʰʥʷ ʪʦʯʢʘ ʧʦʙʫʜʦʚʘʥʘ ʧʦ ʧʦʣʷʨʥʠʤ ʢʦʦʨʜʠʥʘʪʘʤ 

5.0=r , 6/pq= . 

ƴ 

ʉʭʦʞʠʡ ʟʤʽʩʪ ʤʘʶʪʴ ʜʚʦʚʠʤʽʨʥʽ ʛʨʘʬʽʢʠ Far Field   (ʛʨʘʬʽʢʠ ʧʦʣʷ ʚ ʜʘʣʴʥʽʡ 

ʟʦʥʽ). ɿʘʟʚʠʯʘʡ ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʧʠʩʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʘʙʦ ʘʢʫʩʪʠʯʥʠʭ 

ʧʦʣʽʚ ʚʜʘʣʠʥʽ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʦʥʠ, ʜʝ ʥʝʤʘʻ ʉʢɽ ʩʽʪʢʠ. ɺ ʚʽʜʧʦʚʽʜʥʠʭ 

ʽʥʪʝʨʬʝʡʩʘʭ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ, ʘʢʫʩʪʠʯʥʽ) ʨʝʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠʢʠ ʧʦʙʫʜʦʚʠ 

ʛʣʦʙʘʣʴʥʠʭ ʚʠʨʘʟʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʷʢʫʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʣʷ (ʘʤʧʣʽʪʫʜʫ, 

ʝʥʝʨʛʽʶ, ʪʠʩʢ, ʪʦʱʦ) ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ ʫ ʚʠʛʣʷʜʽ ʚʠʨʘʟʫ () ()qUrC Ö . ʆʙʠʨʘʶʯʠ 

()1=rC  ʙʫʜʫʻʪʴʩʷ ʧʦʣʷʨʥʠʡ ʛʨʘʬʽʢ ʚʠʨʘʟʫ ()qU , ʷʢʠʡ ʟʦʙʨʘʞʘʻ ʚʽʜʥʦʩʥʝ 

ʟʥʘʯʝʥʥʷ ʧʦʣʷ ʚ ʥʘʧʨʷʤʢʫ ʢʫʪʘ q. ʏʘʩʪʦ ʪʘʢʽ ʛʨʘʬʽʢʠ ʥʘʟʠʚʘʶʪʴ ʜʽʘʛʨʘʤʘʤʠ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ɺʦʥʠ ʙʫʜʫʶʪʴʩʷ ʰʣʷʭʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʢʦʣʘ (ʘʙʦ 

ʩʬʝʨʠ ʚ 3D ʚʠʧʘʜʢʫ) ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʪʦʙʪʦ ʧʦʙʫʜʦʚʦʶ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ 

ʧʦʣʷʨʥʠʭ ʛʨʘʬʽʢʽʚ ()qUr = . 

  ɺʽʜʤʽʥʥʽʩʪʴ ʜʚʦʚʠʤʽʨʥʠʭ ʛʨʘʬʽʢʽʚ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ ʚʽʜ ʧʦʣʷʨʥʠʭ ʛʨʘʬʽʢʽʚ 

COMSOL ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ. ʊʘʢ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʧʨʠʢʣʘʜʽ ʚ ʧʦʣʷʨʥʠʭ ʛʨʘʬʽʢʘʭ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʠʰʝ ʚʠʨʘʟʠ ()qr , ʘ ʚ 

ʚʠʨʘʟʘʭ ʛʨʘʬʽʢʽʚ Far  Field   ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʤʝʥʘ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʦʦʨʜʠʥʘʪ x,y, ʷʢʽ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʢʦʣʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʣʷʨʥʠʤ ʢʫʪʦʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ qcos=x , qsin=y . ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʢʘ ʚ 

ʜʘʣʴʥʽʡ ʟʦʥʽ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʛʣʦʙʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʡ ʚʠʨʘʟ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ 

( )yxg , , ʷʢʠʡ ʧʨʠ ʧʦʙʫʜʦʚʽ ʙʫʜʝ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʡ ʚ ʧʦʣʷʨʥʠʡ ʛʨʘʬʽʢ 

( ) ()qqq gggr ~/sin,cos == , ʜʝ g  - ʥʝʦʙʦʚôʷʟʢʦʚʠʡ ʥʦʨʤʫʶʯʠʡ ʤʥʦʞʥʠʢ.  

ʇʨʠʢʣʘʜ 3. ɻʨʘʬʽʢ ʚʠʨʘʟʫ ( ) ( )[ ]88

16

1
yxyx ++-   ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ. 

ʉʪʚʦʨʽʪʴ ʰʘʙʣʦʥ ʧʦʨʦʞʥʴʦʾ ʤʦʜʝʣʽ Blank Model .  

  File - > New - > Blank Model 

ɼʦʜʘʡʪʝ ʚ ʤʦʜʝʣʴ ʜʚʦʚʠʤʽʨʥʠʡ ʢʦʤʧʦʥʝʥʪ. 

  Home ï> Model ï> Add Component ï 2D 

ɻʝʦʤʝʪʨʽʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʘ. 

  Geometry  - > Primitives  ï Square 

Geometry 1 ï Square 1: 

   Size ï Side length = 2 

   Position ï Base = Center  
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   Position  ï x, y = 0,0   

ʅʘ ʢʚʘʜʨʘʪʽ ʛʝʥʝʨʫʡʪʝ ʉʢɽ ʩʽʪʢʫ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

Component 1 (comp1) - Mesh 1 : LMB > Build All 

  ɺ ʚʠʨʘʟʘʭ Far Field   ʛʨʘʬʽʯʥʠʭ ʚʫʟʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʠʰʝ ʦʙʯʠʩʣʝʥʽ 

ʟʤʽʥʥʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʢ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʘʪʠ ʚ ʤʦʜʝʣʽ ʚʫʟʦʣ ʜʦʩʣʽʜʞʝʥʥʷ Study .  

  ʂʣʘʮʥʽʪʴ ʧʨʘʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʧʦ ʩʘʤʦʤʫ ʚʝʨʭʥʴʦʤʫ ʚʫʟʣʫ ʜʝʨʝʚʘ ʤʦʜʝʣʽ 

(Untitled.mph) ʽ ʚ ʚʠʧʘʜʥʦʤʫ ʤʝʥʶ ʚʠʙʝʨʽʪʴ ʢʦʤʘʥʜʫ Add Study, ʘ ʧʦʪʽʤ ʚ 

ʧʘʥʝʣʽ Add Study , ʷʢʘ ʟôʷʚʠʪʴʩʷ ʟʙʦʢʫ, ʚʠʙʝʨʽʪʴ Stationary  ʪʠʧ ʜʦʩʣʽʜʞʝʥʥʷ,  

ʽ ʟʘʢʨʠʡʪʝ ʧʘʥʝʣʴ. ɺ ʧʨʠʥʮʠʧʽ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʪʠʧ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

           
ɺʠʙʽʨ ʫ ʚʽʢʥʽ Add Study   ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʩʪʘʥʜʘʨʪʥʠʡ ʩʧʦʩʽʙ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʜʚʽʡʥʠʤ ʢʣʘʮʘʥʥʷʤ ʤʠʰʽ ʧʦ ʨʷʜʢʫ Stationary ʘʙʦ ʦʜʥʦʢʨʘʪʥʠʤ ʢʣʘʮʘʥʥʷʤ 

ʧʦ ʢʥʦʧʮʽ +Add Study ʚʛʦʨʽ ʚʽʢʥʘ). ʇʦʪʽʤ ʚʽʢʥʦ Add Study   ʟʘʢʨʠʚʘʻʪʴʩʷ 

ʭʨʝʩʪʠʢʦʤ (X) ʚ ʧʨʘʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪʽ. 

  ʊʘʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʤʠ ʢʨʘʪʢʦ ʟʘʧʠʩʫʚʘʪʠʤʝʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

Untitled.mph (root): RMB > Add Study = Add Study  - > 

                   Preset Studies - Stationary ->ʍ 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ɼʄ ʟ'ʷʚʣʷʻʪʴʩʷ ʚʫʟʦʣ Study 1 ʽ ʢʽʣʴʢʘ ʡʦʛʦ ʧʽʜʚʫʟʣʽʚ. ʊʝʧʝʨ 

ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʦʙʯʠʩʣʝʥʥʷ. 

Study 1 : LMB > Compute 
ʅʽʷʢʠʭ ʨʝʘʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʚ ʥʘʰʽʡ ʤʦʜʝʣʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝ ʙʫʜʝ, ʘʣʝ ʚ ʛʽʣʮʽ 

Results - Data Sets ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʜʞʝʨʝʣʦ ʜʘʥʠʭ Study 1/Solution 1. ɺʦʥʦ 

ʟʙʝʨʽʛʘʪʠʤʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʉʢɽ ʩʽʪʢʫ ʽ çʩʢʦʤʧʽʣʴʦʚʘʥʽè ʟʤʽʥʥʽ. 

  ʉʪʚʦʨʽʪʴ ʧʦʣʷʨʥʫ ʛʨʘʬʽʯʥʫ ʛʨʫʧʫ ʽ ʚ ʥʽʡ ʚʫʟʦʣ ʛʨʘʬʽʢʘ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ. 
  Results - > Plot Group - Polar Plot Group 

Polar Plot Group 1:  

   Data Set ï Data  = Study 1/Solution 1  

  Polar Plot Group 1 - > Add Plot - Far Field 

Polar Plot Group 1 - Far Field 1: 

   Expression ï Expression = ((x - y)̂ 8+(x+y)̂ 8)/16  

   Evaluation ï Angles - j resolution = 150 (ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʥʘ ʢʨʠʚʽʡ) 

   Coloring and Style ï Color, Width  = Blue,3      (ʜʚʘ ʧʦʣʷ) 

  LMB > Plot     

ʂʣʘʮʥʽʪʴ ʤʠʰʝʶ ʧʦ ʢʥʦʧʮʽ Zoom Extents  ʚʛʦʨʽ ʛʨʘʬʽʯʥʦʛʦ ʚʽʢʥʘ ʽ ʧʦʪʽʤ 

ʥʘʣʘʰʪʫʡʪʝ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʧʦʣʷʨʥʦʛʦ ʨʘʜʽʫʩʘ. 
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Polar Plot Group 1:  

   Axis -  Manual axis limits = True  

   Axis -  r minimum = 0  

  LMB > Plot    

 
ʆʩʢʽʣʴʢʠ ʥʘ ʦʜʠʥʠʯʥʦʤʫ ʢʦʣʽ 
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ʪʦ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠ ʤʦʞʝʪʝ ʩʘʤʦʩʪʽʡʥʦ ʧʦʙʫʜʫʚʘʪʠ ʧʦʣʷʨʥʠʡ ʛʨʘʬʽʢ ʮʴʦʛʦ 

ʚʠʨʘʟʫ ʚ ʮʽʡ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ, ʽ ʦʪʨʠʤʘʪʠ ʪʫ ʞ ʩʘʤʫ ʢʨʠʚʫ. ɸʣʝ ʜʣʷ ʮʴʦʛʦ ʚʘʤ 

ʟʥʘʜʦʙʠʪʴʩʷ ʩʪʚʦʨʠʪʠ ʦʜʥʦʚʠʤʽʨʥʝ ɼɼ Grid  1D ʟ ʧʦʜʦʚʞʥʽʤ ʧʘʨʘʤʝʪʨʦʤ 

pq 20 ¢¢ . 
ƴ 

ɿʘʫʚʘʞʝʥʥʷ. ɻʨʘʬʽʢʠ Far Field   ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʚ 3D  ʽ  2D axisymmetric  

ʤʦʜʝʣʷʭ. 

ɺʧʨʘʚʘ. ʇʦʙʫʜʫʡʪʝ ʪʨʠʚʠʤʽʨʥʠʡ Far Field   ʛʨʘʬʽʢ (ʪʦʙʪʦ ʪʦʡ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ 

ʥʘ ʪʨʠʚʠʤʽʨʥʝ ɼɼ  Study  1/Solution  1) ʚʠʨʘʟʫ  x^2+x*y  ʚ ʪʨʠʚʠʤʽʨʥʽʡ 

ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ.  

 

 
ʇʦʙʫʜʫʡʪʝ ʪʨʠʚʠʤʽʨʥʠʡ Far Field   ʛʨʘʬʽʢ  ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʚʠʨʘʟʫ  x^2+x*y   ʚ 

ʜʚʦʚʠʤʽʨʥʽʡ ʛʨʘʬʽʯʥʽʡ ʛʨʫʧʽ. 

 

 

 


